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Abstract

This study of physiotherapy intervention for patients with recently acquired stroke 

had two defined aims. The first aim was to explore the recovery of symmetry of 

weight distribution during the postures of sitting and standing and during the 

movements of rising to stand, sitting down and reaching. This aim involved the 

comparison of data fi*om stroke patients with data fi’om healthy subjects. The second 

aim was to determine the effect of a regime of independent practice, based on the 

evidence for the optimal learning of motor skills. This aim was met using a 

randomised controlled trial.

Twenty-eight patients with stroke were reeruited into the randomised eontrolled trial. 

Using a blocked randomisation procedure, subjects were assigned to a practice group 

(n=9) or to a control group (n=19). Using a chnical measurement system, comprising 

a standard chair and a platform within which were a series of force measuring 

sections, weekly objective measurements of the symmetry of weight distribution 

during the specified postures and movements were recorded. Measurements were 

collected weekly for a maximum of 7 weeks. Both groups received normal 

physiotherapy intervention, based on the Bobath Concept. In addition to this, the 

practice group subjects carried out a practice regime aimed at improving sitting 

balance. The practice regime was carried out daily for 4 weeks. Subjects who were 

discharged firom the hospital prior to the completion of 7 weeks of data collection did 

not attend for any further measurement sessions. The lack of recorded data fi’om 

subjects discharged firom the hospital placed limitations on the analysis of the study 

results and on the conclusions that could be drawn fi’om the study.

In order to explore the recovery of symmetry of weight distribution in the patients 

with stroke, patient data were compared with "normative" values collected from 20 

young and 20 elderly healthy subjects. The normative values revealed that healthy 

subjects tended to have highly symmetrical weight distribution, with less than 14% 

difference in weight distribution between the sides, during sitting, standing, rising to 

stand and sitting down. During lateral reaching healthy subjects generally distributed 

between 83% and 97% of body weight to one side.
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At the time of the baseline measurement 13(11 control group; 2 practice group) of the 

28 patients had "normal" weight distribution in sitting; 2 (1 control; 1 practice) in 

standing; 1 (1 control; 0 practice) in the seat-off phase of rising to stand; 0 in the seat- 

off phase of sitting down. 10 (8 control; 2 practice) of the patients achieved a 

"normal" magnitude of weight transference when reaching to the unaffected side, and 

13 (10 control; 3 practice) during reaching to the affected side. Following reaching to 

the unaffected side 12 (9 control; 3 practice) of the patients returned to having 

"normal" weight distribution in sitting, and following reaching to the affected side 12 

(7 control; 5 practice) had "normal" weight distribution in sitting.

At the time of the final measurement, 11 (58%) of the 19 control group subjects had 

“normal” weight distribution in sitting; 7 (36%) in standing; 6 (31%) in rising to 

stand; 2 (11%) in sitting down; and 12 (64%) achieved “normal” weight transference 

during reaching to the unaffected side and 13 (68%) during reaching to the affected 

side. 13 (69%) of the control group subjects achieved "normal" weight distribution 

during sitting following reaching to the unaffected side, and 10 (53%) during sitting 

following reaching to the affected side. For the practice group these values were 3 

(33%) for sitting; 4 (44%) for standing; 1 (11%) for rising to stand; 1 (11%) for sitting 

down; 4 (44%) for reaching to die unaffected side and 6 (67%) for reaching to die 

affected side; and 4 (44%) for sitting after reaching to the unaffected side and 5 (56%) 

for sitting after reaching to the affected side.

Statistical analysis was carried out, using the Chi-squared test, to compare the 

proportion of control and practice group subjects classified as "unable" to perform a 

task, or as achieving "normal" or "abnormal" outcomes during each test week. There 

was no significant difference (p>0.05) between the groups for the tasks of sitting, 

standing, rising to stand or sitting down, or for the peak weight transference achieved 

during reaching, on any of the test weeks. There was a significant difference between 

the groups for the symmetry of weight distribution achieved during sitting following 

reaching to the unaffected side at week 3 (p=0.016) and during sitting following 

reaching to the affected side at week 4 (p^.027). Descriptive statistics were used to 

explore the changes in the outcome measures over the test weeks. This revealed that, 

although the number of subjects able to perform standing, rising to stand and sitting 

down increased over the test weeks, there was no observable change in the proportion
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of subjects able to perform any of the tasks with "normal" symmetry of weight 

distribution or weight transference over the study period.

The lack of difference in the outcome of the practice and control group and the 

absence of recovery observed in the measured outcomes over the study period are 

discussed. Based on the study results, methods for improving the regime of 

independent practice are presented, and potential imphcations of the lack of change in 

the ability of the stroke patients to achieve the functional tasks with “normal” 

symmetry of weight distribution are proposed
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1. stroke and physiotherapy

1.1 Background to study

Substantial resources are utilised by physiotherapists in the care and rehabilitation of 

patients following stroke. There are currently several different approaches to 

physiotherapy for patients with stroke. The Bobath approach (Bobath, 1978, 1990; 

Davies, 1985, 1990) and the Motor Learning approach (Carr and Shepherd, 1989b, 

1990, 1992) are widely recognised as being the most common strategies adopted in 

the treatment of patients with stroke. A key practical difference between the two 

approaches appears to be that treatment based on the Motor Learning approach can 

involve a patient participating in independent practice, while treatment based on the 

Bobath approach will not involve any independent practice. Despite the apparent 

contradiction in the theory and practice of these two approaches, both concur that a 

key role of the physiotherapist in the treatment of patients with stroke is the 

achievement of optimal functional abihty (Carr and Shepherd, 1989a,b; Bobath, 1990; 

Ashbum, 1995). The restoration of balance is proposed to be a fundamental goal of 

physiotherapy for acute stroke patients by proponents of both the Bobath and the 

Motor Learning approach. There is an absence of scientific evidence pertaining to the 

relative efficacy of the different treatment strategies in the achievement of the goals of 

physiotherapy. It is imperative that well-controlled studies of physiotherapy 

interventions are carried out in order to determine optimal methods of patient care.

Randomised controlled trials are widely recognised as the optimal experimental 

methodology for determining cause and effect (Begg et al, 1996). The execution of a 

randomised controlled trial in the investigation of the effect of a physiotherapy 

intervention is complex. Randomised controlled trials should incorporate strictly 

standardised methodôfêgies to ensure methodological rigour (Bland, 1995).

The object of this study was to investigate the effect of independent practice, which is 

advocated by the Motor Learning approach but not by the Bobath approach, on the 

restoration of balance, which is identified as a fundamental goal of treatment by both 

the Motor Learning and Bobath approach. Strict standardisation of independent



practice aimed at improving clearly defined aspects of balance was required in order 

to achieve methodological rigour within the context of a randomised controlled trial.

This chapter comprises a review of the literature pertaining to stroke and 

physiotherapy and identifies that the restoration of balance is a common goal of 

physiotherapy treatment for patients with acute stroke

1.2 Epidemiology of stroke

Stroke is a major cause of death and disability and has significant cost implications 

for health care services. In Western populations stroke is the third leading cause of 

death and the leading cause of disability (Warlow et al, 1996; Hademenos and 

Massoud, 1997). The World Health Orgmiisation stated that stroke is the second most 

common world-wide cause of death (WHO, 1997). In Britain it is estimated that there 

are 2 first strokes per 1000 people per year (Bamford et al, 1988). The rate of stroke 

increases with age, and it has been predicted that this will place health care services 

under increasing strain (Kings Fund Forum, 1988). Studies have demonstrated that up 

to 75% of patients with stroke are admitted to hospital (Aho et al, 1980; Bamford et 

al, 1986), and that approximately 12% of general medical beds are occupied by 

patients with stroke (Kings Fund Forum, 1988). In Scotland 7% of all hospital-bed 

days and 6% of all hospital costs are due to stroke (Isard and Forbes, 1992). Almost 

5% of the NHS budget in Scotland is consumed by costs related to patients with 

stroke (Isard and Forbes, 1992). It is estimated that the majority of this expenditure 

is related to the rehabihtation and long-term care of patients following stroke 

(Bergman et al, 1995). Despite these substantial financial resources there is httle data 

available pertaining to the cost-effectiveness of stroke rehabihtation (Wade and 

Langton-Hewer, 1987; Effective Health Care, 1992).

It has been suggested that stroke is the most fi'equent cause of disability in the UK 

(Harris and Head, 1971; Warlow et al, 1996). Patients with stroke therefore have a 

major impact on the resources used both while in hospital and following discharge. 

Partridge et al (1993) stated that the majority of patients admitted to a UK hospital 

with a stroke, who survived with a residual disability, would receive both 

physiotherapy and occupational therapy as part of their care. In a survey of service 

provision following discharge firom hospital, patients with stroke in South East



London reported receiving a number of health / support related services - 39% had 

received physiotherapy; 13% speech therapy; 6% occupational therapy; 30% 

chiropody; 29% district nursing; 24% had attended a day centre; 12% day hospital; 

22% had received local authority home help; 6% private home help; 16% meals on 

^^4ieels; 5% respite care; 2% had seen a community psychiatric nurse (Wilkinson et al, 

1997). Despite the potential effects of recall bias due to the retrospective nature of the 

study (Wilkinson et al, 1997), these results do suggest that substantial resources are 

utilised by patients with stroke.

1.3 Aetiology of stroke

Stroke is a broad diagnostic term that refers to a dysfimction in the blood supply to an 

area of the brain (Effective Health Care, 1992). The World Health Organisation 

defines stroke as the “sudden onset of a focal neurological deficit due to a presumed 

local disturbance in the blood supply to the brain” (Aho et al, 1980). The normal 

functioning of the brain is reliant on the arterial blood supply, which delivers vital 

oxygen and nutrients, and the venous system, which removes cellular metabolic waste 

products (Hademenos and Massoud, 1997). Any disturbance to the arterial supply 

results in oxygen deprivation in the areas of the brain supplied by the occluded vessel, 

which can consequently result in brain injury. Hademenos and Massoud (1997) state 

that

“The severe restriction or complete cessation of blood flow to the brain 

as the result of any cerebrovascular disease or neurological insult 

(brain injury) is commonly referred to as stroke”.

The magnitude of the brain injury and the consequent deficits are reliant on the extent 

and cause of the disturbance in blood flow, as well as the area of the brain supplied by 

the affected blood supply. Neurological deficits as a result of cerebral ischaemia 

which appear rapidly but which resolve within 24 hours are called Transient 

Ischaemic Attacks (TLAs). More severe disruption to blood supply can lead to loss of 

brain fimction which can cause varying degrees of disability (permanent stroke) or 

deadL

Stroke, or cerebrovascular accident (CVA), primarily occurs as a result of an 

occlusion in blood supply (thrombus or embolus) or as a result of a rupture of blood



vessels (haemorrhage). However, Hademenos and Massoud (1997) identify that there 

are 6 distinct biophysical mechanisms that can result in stroke. These are:-

1. Atherosclerosis. Atherosclerotic deposits are residues of calcified hpid or fatty 

remains fî om the blood, which accumulate on the inner walls of blood vessels. 

This promotes the thickening, fibrosis and calcification of the vessel wall, ^\hich 

narrows the lumen of the blood vessel. The narrow lumen may increase the shear 

stresses of the blood flow, which may result in further damage to the vessel wall. 

The turbulence of the blood flow may increase, either causing disturbance to the 

existing atherosclerotic plaques and creating loose sections of plaque, which may 

obstruct blood flow in smaller vessels, or resulting in areas of stagnant blood flow 

and the formation of additional atherosclerotic deposits.

2. Embolus. An embolus is a travelling “clot”, which can be gaseous or particulate 

(e.g. atheromata) matter fi-om any part of the circulation system.

3. Thrombus. Thrombosis is the physiological mechanism for blood clotting. A 

thrombus is a blood clot, which has formed either in response to an atherosclerotic 

lesion or to damage to a vessel wall.

4. Reduced systemic pressure. Stroke can be caused secondary to cardiovascular 

disease, such as atrial fibrillation. Ml, and abnormal heart beat, which can reduce 

the pressure of the arterial blood supply.

5. Haemorrhage. A haemorrhage is the rupture of a blood vessel and the subsequent 

accumulation of blood in the brain. Haemorrhage can result in brain damage fi'om 

the reduction in blood supply to the areas supplied by the damaged vessel, by the 

pressure exerted on tissues at the site of the haemorrhage, and by the occlusion of 

surrounding blood vessels by the leaked and thrombosing blood. Blood vessel 

rupture can be caused by an aneurysm or an arteriovenous malformation (AVM).

6. Vasospasm. When bleeding occurs in the subarachnoid space, the arteries in the 

subarachnoid space can have a muscular contraction known as vasospasm. This 

vasospasm can cause total occlusion of the blood vessel, which can last for up to 

several days. (Hademenos and Massoud, 

1997)

It has been estimated that approximately 70% of strokes occur due to occlusion of 

blood vessels by thrombus or embolus; approximately 20% occur as a result of 

haemorrhage; and the remaining 10% occur for other reasons (Ryerson, 1996).
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Hademenos and Massoud (1997) concur with this, stating that 80% of strokes result 

from ischaemia following obstruction to a blood vessel, and 20% are due to 

haemorrhage.

Strokes have traditionally been classified according to the pathological type (Ryerson,

1996). The types generally described are thrombus, embolus and haemorrhage 

(Ryerson, 1996; Warlow et al, 1996). However, Bamford et al (1991) recognised that 

the identification of the pathology of the stroke could be difficult, and defined an 

alternative classification system, based on a study of 675 patients with a first-ever 

stroke (diagnosed from computed tomographic scans). This study identified 4 main 

subtypes of infarcts, according to the presenting signs and symptoms of the patient at 

the time o f maximum deficit (Bamford et al, 1991):-

• Lacunar infarcts (LACI). These infarcts resulted in pure motor stroke, pure 

sensory stroke, sensori-motor stroke or ataxic hemiparesis. These symptoms 

occurred as a result of a small lacunar infarct in the basal ganglia or the pons.

• Total anterior circulation infarcts (TACI). TACIs resulted in higher cerebral 

dysfunction; homonymous visual field defect; and an ipsilateral motor and/or 

sensory deficit in at least two areas of the face, arm or leg TACIs occurred due to 

ischaemia in both the deep and superficial areas of the middle cerebral artery.

• Partial anterior cerebral infarcts (PACI). Patients with PACIs present with only 

2 of the 3 components of a TACI, with higher cerebral dysfunction alone, or with a 

sensori-motor deficit that is more restricted than the LACI. A PACI occurs as a 

result of occlusion to the upper or lower division of the middle cerebral artery, or 

an occlusion in the anterior cerebral artery.

• Posterior circulation infarcts (POCI). POCIs can cause any of the following 

symptoms: ipsilateral cranial nerve palsy with contralateral motor and/or sensory 

deficit; bilateral motor and/or sensory deficit; disorder of conjugate eye movement; 

cerebellar dysfunction without ipsilateral long-tract deficit (i.e. ataxic hemiparesis); 

or isolated homonymous visual field defect. These symptoms are associated with 

infarcts in the brain stem, cerebellum or occipital lobes.



Lindley et al (1993) investigated the interobserver reliability of the classification 

system proposed by Bamford et al (1991). 90 patients admitted to a general hospital, 

over a 5 month period, with suspected stroke were independently assessed by 2 

medically trained observers, within 2 and 10 days of the onset of symptoms. Each of 

the patients was classified as TACI, PACI, LACI, POCI or ‘uncertain’. The 2 

observers agreed on 56% of the classifications; this increased to 74% in the 

classifications with which both observers were certain. The reasons for disagreement 

on the classification were found to be due to differences ehcited in neurological tests, 

the assessment of the presence or absence of confusion, the presence of deep coma, 

and an inadequate clinical history. In 5 of the patients assessed the observers agreed 

on the neurological signs but disagreed on the classification. The authors concluded 

that the interobserver reliabihty might be further improved if  the documented clinical 

history included a record of the maximum deficit. The authors proposed that the 

classification system might be useful in routine chnical practice.

Lindgren et al (1994) further evaluated the classification system proposed by Bamford 

et al (1991), in a study which related the classification of patients to CT and MRJ 

brain scan results. 228 patients with first-ever strokes admitted to hospitals within a 

specified catchment area over a period of 1 year, were assessed by two neurologists 

on separate occasions within one week of onset of symptoms. Based on these 

documented assessments the patients were classified according to the system 

proposed by Bamford et al, by two independent observers. The interobserver 

agreement was 92%. The authors acknowledged that this was higher than found in 

earlier studies, such as Lindley et al (1993). It was proposed that this difference was 

due to the assessment protocol used in this study, and the availability of the 

assessments of the two neurologists to the observers classifying the patients. Where 

the two observers did disagree, a joint re-evaluation was carried out and a 

classification assigned. All patients underwent a CT or MRI examination as soon as 

possible after the onset of symptoms. The results of the scans were examined and the 

lesions were described according to type, size, side, location and arterial territory. 

The neuroradiological findings were then compared with the classification of stroke 

type. The patients in the different groups were found to have significantly different 

fi-equencies of specified neuroradiological signs. For example, there was a significant 

difference in the presence of haemorrhage (p<0.01); presence of cortical involvement
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(p<0.01); and presence of posterior circulation territory involvement (p<0.0001). 

Thus the authors concluded that the classification system produced groups of patients 

^ o  had significant differences in neuroradiological findings. Lindgren et al (1994) 

proposed that this classification system was an easily administered, reliable, 

distinctive, and clinically useful method of grouping sub-types of stroke.

In addition to the 4 categorisations of cerebral infarcts, strokes can also occur due to 

cerebral haemorrhage. Two classifications of haemorrhagic stroke are described in 

the literature: a primary intracerebral haemorrhage (PICH), which is a bleed 

occurring most frequently within the internal capsule and corpus callosum; and a 

suharachnoid haemorrhage (SAH), Wiich is a bleed into the subarachnoid space 

(Effective Health Care, 1992).

1.4 Symptoms and disability following stroke

The clinical symptoms which occur following stroke are dependent on the size and 

location of the area of disrupted blood supply, and the anatomical structures which are 

involved (Ryerson, 1996). The nature and extent of dysfunction following stroke can 

therefore be extremely varied. Wade et al (1985b) stated that there were 3 main 

classes of neurological symptoms following stroke - cognitive, communicative and 

physical dysfunction. Effective Health Care (1992) estimated that approximately 50% 

of survivors of strokes have significant disabihty due to paresis, communication or 

cognition.

Cognitive and communicative symptoms can include an extensive range of deficits, 

including impairments in memory, language, and perception. The cognitive and 

communicative symptoms that occur following stroke can be related to the side of the 

lesion, as each hemisphere has specific functions. For example, damage to the left 

hemisphere is generally associated with disorders in language, specific perceptual 

disorders and apraxia. Right hemispheric damage is associated with major perceptual 

dysfunction, such as visual spatial neglect, tactile perceptual disorders and 

constructional apraxic deficits (Wade et al, 1984). Despite the distinct differences in 

the symptoms arising firom damage to the left and right hemispheres, there is little 

evidence provided in the literature that suggests that recovery is related to the side of 

hemispheric damage. Wade et al (1985b) proposed that the specific problems



associated with lesions to either hemisphere tend to balance each other out. 

However, Rode et al (1997) reported differences in the balance ability of patients with 

left and right hemispheric lesions. Following an investigation of postural imbalance 

in 15 patients with left hemiplegia and 15 patients with right hemiplegia. Rode et al 

(1997) concluded that patients with damage to the right hemisphere demonstrated 

greater postural imbalance. The authors proposed that this difference was due to the 

spatial disturbances arising from damage to the right hemisphere. Thus there is 

limited evidence that motor ability in subjects with left and right hemiplegia may 

differ.

Ryerson (1996) suggested that the most obvious clinical symptoms following stroke 

are hemiplegia and motor dysfunction. Ashbum (1997) described the most common 

deficit as motor impairment, yet stressed that not all strokes resulted in physical 

symptoms. This was supported by studies of recovery and function in stroke patients 

(Dombovy, 1991) which indicated that one week following stroke 73-88% of patients 

have some degree of hemiparesis (Kotila et al, 1984; Wade and Langton-Hewer, 

1987; Bonita and Beaglehole, 1988). Hemiplegia refers to the loss of motor function 

on one side of the body; hemiparesis to a weakness on one side of the body. In 

addition to the motor loss there can be partial or complete loss of sensory perception, 

The severity of the hemiparesis and motor symptoms are related to the degree of 

damage to the motor and sensory fibres within the CNS. In addition to the loss of 

movement related to sensori-motor dysfunction, the tone of the muscles may be 

altered. Altered muscle tone occurs in response to the dysfunction of the normal 

control mechanisms for spinal reflex activity. Problems with balance and the 

maintenance of posture frequently occur in many patients with stroke (Ashbum, 

1997).

1.4.1 Assessment of disability following stroke

The symptoms experienced by patients following stroke result in impaired ability to 

carry out functional tasks, and activities of daily living (ADL). there is no one 

accepted instrument for assessing disability following stroke (Wade and Langton- 

Hewer, 1987; Tumer-Stokes and Tumer-Stokes, 1997). A recent survey of outcome 

measures used in rehabilitation settings has found that the most commonly used 

instruments are subjectively scored or rated global measures of disabihty (Tumer-
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Stokes and Tumer-Stokes, 1997). The most widely used assessment scale is the 

Barthel Index (Wade and Langton-Hewer, 1987; Tumer-Stokes and Tumer-Stokes,

1997) (see Appendix A). Although the Barthel Index is recognised to lack sensitivity 

and to have a ceiling effect (Wade, 1992) it has been demonstrated to be a valid score 

(Wade and Langton-Hewer, 1987), and has been proposed as a “satisfactory measure 

of function after stroke” (Wade and Langton-Hewer, 1987). However, it has been 

suggested that the lack of sensitivity of the Barthel Index may contribute to the non

significant results found in some studies of functional outcome following stroke 

(Miyai et al, 1997).

Wilkinson et al (1997) investigated the long-term outcome (approximately 5 years 

after stroke) o f patients on the stroke register in South East London. Disability 

measures recorded using the Barthel scale indicated that 13% of the 77% of survivors 

followed up were very severely or severely disabled (Barthel 0-9); 16% were 

moderately disabled (Barthel 10-14); 37% were mildly disabled (Barthel 15-19); and 

34% were functionally independent (Barthel 20) (Wilkinson et al, 1997). Dombovy 

(1991) estimated from the available literature that at one week following a stroke 68- 

88% of patients are dependent in some aspect of ADL; after 6 months this has reduced 

to 40-60% of patients being dependent in some aspect of ADL and after 1 year there 

is a further small reduction to 33-59%. The functional outcome following stroke has 

been shown, from a study of 680 patients with stroke, to be associated with the 

severity of the stroke (Bonita and Beaglehole, 1988). Although the results from 

different studies cannot be directly compared due to the differences in the populations 

studied, in the methods of assessment, and in the severity of the strokes, these studies 

do illustrate that stroke is a major cause of long-term functional disability.

An additional method of assessing outcome following stroke is to determine the 

length of hospital stay. Wade and Langton-Hewer (1987) proposed that the majority 

of the financial cost of stroke was related to the length of hospital stay. A number of 

studies have suggested that the majority of the motor recovery following stroke occurs 

in the first few weeks following stroke (Wade et al, 1983; Smith et al, 1985; Wade et 

al, 1985b; Olsen, 1990). It can be hypothesised that the first few weeks following 

stroke are the most critical during the rehabilitation of motor abihty following stroke.



1.4.2 Sensory-motor deficits in the patient with recently acquired stroke

The clinical symptoms observed in a patient with recently acquired stroke can include 

wide ranging deficits of movement and fimction. However, a common sensori-motor 

deficit that occurs is the loss of ability to control aspects of balance (Knott and Voss, 

1968; Brunnstrôm, 1970; Bobath, 1978,1990; Davis, 1985,1990; Carr and Shepherd, 

1989 1992; Ashbum, 1997). This can present as an inabihty to maintain a posture 

independently, an abnormal alignment of body parts with asymmetry of posture and 

movement, an inabihty to adjust to alterations in the centre of gravity, and an inabihty 

to control the body parts during movement (Bobath, 1978, 1990; Davis, 1985, 1990; 

Carr and Shepherd, 1989, 1992; Ashbum, 1997). The patient with recently acquired 

stroke can present with balance deficits in any posture or during any movement; 

however, several authors have identified specific problems related to balance in sitting 

(Brunnstrôm, 1970; Bobath, 1978; Lane, 1978; Davies, 1985; Borello-France et al; 

1988) and standing (Dickstein et al, 1984; Bohannon and Larkin, 1985; Caldwell et al, 

1986; Dettman, 1987; Shumway-Cook et al, 1988; Sackley, 1991), during the 

dynamic activities of rising to stand and sitting down (Engardt and Olsson, 1992; 

Durward, 1994), and during weight-shifting activities such as reaching (Chari and 

Kirby, 1986; Crosbie et al, 1995; Dean and Shepherd, 1997).

Wade and Langton-Hewer (1987) assessed 545 patients within 7 days of a stroke. 

The results demonstrated that 47% of patients were unable to maintain sitting balance 

within 1 week foUowing stroke. Wade et al (1983) carried out a study, which 

explored the possibility of attempting to predict the functional outcome of early stroke 

patients. A sample of 162 acute stroke patients was assessed 1, 3, 6, 12, 18, 24, and 

36 months following stroke. Five variables fi'om the initial assessment were found to 

correlate (R=0.62) with the functional outcome (Barthel score) at 6 months: these 

variables were the presence of urinary incontinence, the degree of motor deficit in the 

affected arm, the abihty to maintain sitting balance, the presence of hemianopia, and 

age. These variables explained 38% of the variance in the functional outcome. This 

Study demonstrated that sitting balance is one of the important factors to be 
considered in the acute stroke patient.
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Bohannon (1989) assessed balance and parameters of gait in 33 stroke patients at 

approximately 30 (30.4±14.6) days and 60 (64.2±18.2) days after stroke. Standing 

balance was found to be an indicator of gait performance. Retrospective studies of 

outcome of stroke patients have also found that sitting balance at the initial 

assessment can be indicative of future gait ability (Keenan et al, 1984; Nitz and Gage, 

1995). Dettman et al (1987) and Sackley (1990) found that aspects of standing 

balance correlated with functional ability following stroke. These studies further 

demonstrate the importance of balance during the maintenance of sitting and standing, 

and during movement between these postures, in the stroke patient.

Partridge et al (1993) carried out a prospective study of the achievement of motor 

milestones in patients with stroke. 148 therapists from 30 hospitals, in 22 health 

districts in England, collected data on stroke patients, using a standard form which 

assessed the achievement of 13 milestones. Data was collected on each patient for 6 

weeks. Data on 348 patients was successfully returned. This data demonstrated that, 

on die initial assessment, 67.2% of patients could sit for 1 minute; 29.3% could rise to 

stand; and 11.8% could walk independently. (Data was provided for the other 10 

functional tasks). Separating the patients into groups of mild, moderate and severe 

disability, using the Barthel Index scores, illustrated that there was a relationship 

between the degree of disability and the milestones achieved. Whilst the failure of the 

authors to provide a standard explanation of the milestones, and the use of the large 

number of therapists from different hospitals, could limit the reliabihty and validity of 

these results; these data further serve to emphasise the balance-related difficulties 

experienced by patients with acute stroke.

Smith and Baer (in press) carried out a prospective study of 229 patients 

consecutively admitted to an acute stroke unit. Physiotherapists documented the dates 

on which patients achieved specified “milestones” of recovery. The milestones were 

1 )1  minute of independent sitting; 2) 10 seconds of independent stance; 3) 10 

consecutive steps; 4) 10 metres walking (timed test). A standardised protocol was 

written for each of the four milestones. The patients were categorised according to 

their stroke classification, as proposed by Bamford et al (1991) - PACI, TACI, LACI, 

POCI or PICH (see section 1.3). Smith and Baer (in press) found that 94.3% of the
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229 patients achieved the goal of 1 minute of independent sitting, taking a mean time 

of 3.0±6.8 days from the day of stroke to achievement. Over 92% of each subgroup 

achieved this goal, with the exception of the TACI group, only 77.3% of which 

achieved independent sitting. The TACI group took an average of 13.4110.4 days to 

achieve the goal. 86% of the patients achieved 10 seconds independent stance; taking 

a mean time of 11. 1±21.1 days. Over 89% of each subgroup achieved this goal; with 

the exception of the TACI group, only 52.3% of which gained independent stance, 

taking an average of 52.9129.2 days until successful. The pattern of achievement of 

10 steps and 10 metre walk was similar, with over 91% of the PACT, LACI and FOCI 

groups achieving these goals; over 71% of the RICH group achieving both goals; and 

only around 29-36% of the TACI group successfully achieving these milestone. This 

study, which used simple measures, demonstrated the existence of problems relating 

to sitting and standing balance and the length of time that it can take patients to 

achieve these milestones. In addition. Smith and Baer (in press) have highlighted the 

differences in outcome for patients with different classification of stroke; the authors 

suggest that the classification system proposed by Bamford et al (1988) can assist in 

the prediction of recovery outcome in the acute stroke patient.

1.5 Rehabilitation foiiowing stroke

The aims of rehabilitation after stroke have been identified by WHO (1989) as

• aiding physical recovery;

• encouraging a return to independence and activities of daily living;

• promoting physical, psychological and social adaptation to stroke-related disability 

and handicap;

• preventing secondary complications.

The general aim of rehabilitation following stroke is therefore to maximise a patient’s 

functional ability, quality of life and ability to maintain an independent lifestyle. The 

process of rehabihtation involves a multidisciplinary team, including the patient and 

the patient’s family. Although all members of the multidisciplinary team have the 

same general aim of rehabilitation, each member of ^ e  team will have a specific 

focus on a differeiit aspect of rehabihtation. The key role of the physiotherapist in the 

process of rehabihtation is to address issues related directly to the sensori-motor 

deficits and resulting physical dysfunction of the patient (Ashbum, 1995).
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1.5.1 Physiotherapy for the early stroke patient

A fundamental goal of physiotherapy for the acute stroke patient is the restoration of 

balance (Bobath, 1978, 1990; Davis, 1985, 1990; Partridge et al, 1987; Carr and 

Shepherd, 1989, 1992; Gerber, 1995). The majority of the proponents of

physiotherapy approaches for the early stroke patient identify that an initial aim of 

treatment will be to improve a patient’s ability to maintain balance in sitting 

(Brunnstrôm, 1970; Bobath, 1978, 1990; Lane, 1978; Davis, 1985, 1990; Carr and 

Shepherd, 1989 1992; Gerber, 1995). Later treatment aims include the restoration of 

balance in standing, and during dynamic activities such as reaching, rising to stand, 

and sitting down (Davis, 1985; Carr and Shepherd, 1989,1992; Bobath, 1990).

There are a number uf different ^proaches to physiotherapy for patients with stroke 

(Brunnstrôm, 1970; Bobath, 1978, 1990; Davis, 1985, 1990; Carr and Shepherd, 

1989, 1992). However, the general aim of the different approaches is for the patient 

to achieve optimal functional ability (Carr and Shepherd, 1989; Bobath, 1990; 

Ashbum, 1995). Despite differences in the concepts of treatment for acute stroke 

patients, a key aim identified by the various physiotherapeutic approaches is the 

improvement of balance.

1.6 Study in context and introduction to review of the literature

A key aim of the physiotherapist is to maximise a patient’s functional ability and 

independence. A common sensori-motor problem in the early stroke patient is the 

inabihty to maintain balance or to control balance during movement. Despite 

contrasts in the practice and theory of different physiotherapy treatment approaches 

for patients with stroke, a common aim of treatment is the improvement of balance 

during the maintenance of postures such as sitting and standing, during movement 

within a posture (such as reaching), and during movement between postures (such as 

rising to stand and sitting down). The goal of this study was to explore the recovery 

of balance during the specified postures and movements and to investigate the effect 

of a regime of independent practice aimed at improving balance on the functional 

outcome of patients with stroke.

The following chapters review the nature of problems relating to balance and identify 

appropriate methods for the assessment of problems relating to the maintenance of

13



balance during sitting, standing, rising to stand, sitting down and reaching. 

Subsequent chapters highlight the literature pertaining to the optimal acquisition of 

motor skills in order to allow the development of a regime of independent practice 

based on the available evidence. The evidence in support of different physiotherapy 

approaches is identified and discussed in relation to recovery following stroke, and 

studies investigating the relative efficacy of different physiotherapy approaches for 

the treatment of patients with stroke are reviewed. This review of the literature forms 

the evidence on which a specific set of study aims, objectives and hypotheses were 

formulated and tested.

14



2. What is balance?

2.1 Mechanical Definitions

2.1.1 Balance and Equilibrium

The use of the word balance derives from Roman times and to the description of an 

instrument used for comparing the weights of two objects using two scale pans (bi = two, 

lanx = scale pans). Today this instrument is often referred to as a balance beam. The 

word equilibrium also derives from the Latin, coming from aequilibrare. The definition 

of aequilibrare is “to balance”. Thus the terms balance and equilibrium are synonjmiouc.

The concept of balance is fimdamental to Newtonian mechanics. The definition of the 

term balance has evolved to encompass a specific set of mechanical laws. Newton’s First 

Law states that when an object is at rest the sum of the forces acting upon it is zero; the 

forces are “balanced”. If the forces become unbalanced, movement will occur.

2.1.2 Balance, Centre of Gravity and Base of Support

Mechanical experimentation has identified that the ability of an object to balance is 

related to the position of the centre of gravity and the area of the base of support of that 

object. The centre of gravity (COG) of an object is defined as the single point of an 

object about which every particle of its’ mass is equally distributed. The line of gravity is 

a vertical line running through the centre of gravity. The base of support (BOS) of an 

object is the boundary on the support surface that defines the extent of contact between 

the object and the support surface. If the fine of gravity falls within the BOS of the object 

then the object is balanced The object becomes unbalanced if the line of gravity is 

displaced out of the base of support. The relationship between the line of gravity and the 

BOS of an object is therefore fundamental to the concept of balance. The greater the 

displacement of the line of gravity before an object becomes unbalanced the greater the 

stability of that object Similarly, the greater the external force that can be applied to the 

object before it becomes unbalanced the greater the stability of that object. If an
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external force displaces the line of gravity out of the BOS then the object becomes 

unbalanced and falls. Stability is therefore the inherent ability of an object to remain 

balanced, and not to fall. Mechanical principals dictate that there is a relationship 

between the degree of stability of an object and its geometry. Stability increases with a 

larger base of support, a line of gravity that falls in the centre of the base of support, and 

a lower centre of gravity.

2.2 Balance in humans

Humans possess the ability to sense stability and instability, and to act to maintain 

balance and prevent falling. Balance in humans is therefore a more complex issue than 

the balance of the inanimate objects referred to in Newtonian mechanics. Balance in 

humans is fundamental to function. King et al (1994) stated that balance was associated 

with 3 distinct classes of functional ability: (i) the maintenance of postures, such as 

standing and sitting; (ii) movements Miich require control of the centre of mass, such as 

transfers, turning, or reaching; and (iii) the maintenance of the centre of mass over the 

BOS following destabilising forces, such as trips or slips. Berg et al (1989) similarly 

identified that there were 3 dimensions to functional balance: “maintenance of posture, 

adjustments to voluntary movements and reaction to external disturbance”.

The term balance is used widely in the clinical field. With reference to balance in 

humans, Berg (1989) proposed that

“Balance is a concept. While most therapists have both an intuitive and 

practical understanding of the term, there is no universal way of defining 

or measuring it”.

Bobatii (1978) and Berg et al (1989) used the term balance to refer to the assessment of 

righting reactions during movement and the quality of the symmetry of postures. This 

use of the term balance remains common in the clinical field. Ekdahl et al (1989) stated 

that “there is no adequate consensus regarding how standing balance should be defined”. 

Winter (1995) concurred, stating that “balance is a generic term describing the dynamics 

of body posture to prevent falling”.
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For the purposes of this study balance in humans is defined as a multidimensional 

concept, referring to the reaction of humans during three classes of fimction; the 

maintenance of a specified posture, the movement within and between postures, and the 

reaction to an unexpected disturbance.

2.2.1 Balance and postural sway

The relatively high centre of gravity and relatively small base of support of the human 

body pose a fimdamental problem in the maintenance of stability during upright stance 

(Winter, 1995; Maki and Mcllroy, 1997). Horak (1987) defined unsupported human 

stance as a form of “unstable equilibrium or balance, because the force of gravity must be 

counteracted continually by muscular energy”. As early as 1862 it was noted that “the 

body (is) in continuous motion” (Vierorot, 1862 in Thomas and Whitney, 1959). 

Hellebrandt (1938) concurred with this statement and stated that continuous oscillations 

occurred during upright stance. Hellebrandt (1938) suggested that standing might be 

considered as movement upon a stationary base. Since these initial observations a 

number of studies have used objective measurement systems to confirm that continual 

small oscillations do occur in upright stance and in other postures and conditions (e.g. 

Black et al, 1982; Ring et al, 1988; Ekdahl et al, 1989). It has been concluded that 

“normal standing is not a static posture” (Thomas and Whitney, 1959) and that “quiet 

standing is a highly dynamic event” (Murray and Peterson, 1973). The continuous 

motion of the body has been defined as postural sway. Postural sway has traditionally 

been considered as integral to the concept of balance in humans (Ekdahl et al, 1989).

The expressions “static” and “dynamic” are ofien used in the classification of balance in 

a clinical setting (Berg, 1989). These terms have been used to describe whether a 

resultant movement has occurred (dynamic) or not (static). The use of these terms in 

this context is consistent with the mechanical definition that a body at rest will have a 

resultant acceleration and displacement of zero; however alternative definitions have also 

been provided in the literature. Static balance has been defined as the ability of a person
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to maintain upright stance in a specified position or set of conditions (Patla et al, 1990). 

Dynamic balance has been defined as the ability to maintain an upright stance when 

subjected to either an unexpected or continuous disturbance (Mizrahi et al, 1989). This 

could be interpreted to include continuous dynamic activities such as walking. Mizrahi 

et al (1989) stated that maintaining upright stance in conditions of dynamic visual 

disturbance, such as a moving visual scene, was classified as dynamic balance. Berg

(1989) suggested that the use of the terms static and dynamic balance were inappropriate 

as biomechanical descriptors of balance. Berg (1989) identified that the term “static” 

was misleading, as it ignored the postural sway of the body; and that the term dynamic 

was too diffuse.

2.2.2 Balance and stability

Mechanical definitions denote stability as a state of balance related to the ability of an 

object to restore itself to a balance position following an external perturbation. The use 

of the term stability with reference to human balance is common. Riach & Starkes (1993) 

stated that:

“Biomechanically the degree of stability is proportional to the size of the 

BOS and stability is maximised in any direction when the line of gravity is 

furthest inside the edge of the BOS”.

This definition of human stability is in accordance with the mechanical definitions of the 

term. However, Lucy and Hayes (1985), Ekdahl et al (1989) and Lehmann et al (1990) 

described measures of postural sway as being reflective of stability. Di Fabio and Badke

(1990) defined an “index of stability”, stating that this was equal to the density of the 

sway path of the centre of pressure. Murray et al (1975) and Dettman et al (1987) 

defined die phrase “area of stability” as being a measure of the distance that a subject 

could shift their centre of pressure during stance. McCollum and Leen (1989) defined the 

same measurement as the “mechanical stability limits”, while Riach and Starkes (1993) 

refer to “stability limits”. In contrast. King et al (1994) referred to measurements of the 

distance that the subject could shift their centre of pressure as the “functional base of 

support”, stating that the functional base of support was reflective of “postural stability”.
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Murray et al (1975) and Dettmann et al (1987) referred to the measurement of the total 

excursion of the centre of pressure during quiet stance as a measure of “steadiness”. 

Goldie et al (1989) described measures of force and measures of the centre of pressure 

during stance as reflective of “steadiness”. The term steadiness is not commonly used 

during mechanical explanation of the balance of objects.

2.2.3 Balance and postural control

Horak (1987) defined “postural control” as “the ability to maintain equilibrium in a 

gravitational field by keeping or returning the centre of body mass over its base of 

support”. This definition of postural control is comparable with mechanical definitions 

of stability. However, in addition to the mechanical concept of maintaining the centre of 

gravity within the base of support, Horak (1987) emphasised that measurement of 

postural control should consider the “the appropriateness and efficiency of movement 

strategies used to achieve that equilibrium position”. Horak (1987) concluded that 

“Postural control is complex and cannot be evaluated with any global 

measure of balance”.

It has been identified that the principal requirements for the maintenance of postural 

control (or stability) are the organisation of the sensory inputs and the co-ordination of 

the output to the muscles (Nashner, 1982; Horak, 1987). Organisation of afferent 

information fi“om the vestibular, somatosensory and visual systems is fundamental to the 

maintenance of balance (Berg, 1989). Romberg (1851, 1953, in Samson and Crowe, 

1996) derived a classic test which assessed the relative effects of visual inputs on the 

ability of individuals to maintain equilibrium in an upright posture. Shumway-Cook and 

Horak (1986) developed a method for altering the sensory input to a subject, using a 

“sensory-conflict dome” to alter the visual input and foam under the feet to alter the 

proprioceptive input. The methodology for altering the sensory conditions proposed by 

Shumway-Cook and Horak (1986) has been used in further research (e.g. Dunn et al, 

1991; Cohen et al, 1993; Crotts et al, 1996), as have adaptations of the tests originated by
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Romberg (e.g. Briggs et al, 1989; Heltmann et al, 1989; Iverson et al, 1990; Dunn et al, 

1991). Many other experiments have been carried out Miich have manipulated the 

sensory inputs in the investigation of the nature of human balance.

Although few definitions of the term “postural control” are provided in the literature, and 

the term is often used synonymously with the terms balance and stability, it is proposed 

that “postural control” refers to the process of maintaining the body in an upright posture. 

Thus postural control, or balance control, is exerted over a body in order to maintain or 

obtain stability. Humans have a number of different postural control strategies that are 

used to maintain balance.

2.2.4 Strategies of postural control

Research has demonstrated that human balance responses occur with distinct movement 

strategies (Horak, 1987). It has been identified that generally postural sway and 

responses to small perturbations of the centre of gravity result in rotation around the 

ankle joint - an “ankle strategy” (Duncan et al, 1990a). EMG studies have demonstrated 

that, although the ankle strategy is most common, if there is a narrow support surface or a 

large perturbation is applied to the subject, movement may occur at the hip joint - the 

“hip strategy” (Duncan et al, 1990a). If such a great force is applied that the subject is 

unable to return the centre of gravity to within the base of support using an ankle or hip 

strategy then the subject may take a step in order to move the base of support under the 

centre of gravity - this is known as the “stepping strategy” (Duncan et al, 1990a). 

Although the assumption that the body sways with a distinct strategy has been challenged 

(Roberts and Stenhouse, 1976), there is now substantial evidence demonstrating that the 

different strategies are characterised by specific muscle synergies, kinematics and joint 

torques (Horak et al, 1997).

Maki and Mcllroy (1997) described “balance control” as the ability to regulate the 

relationship between the COM and BOS during activities of daily life. Maki and Mcllroy 

(1997) proposed that a subject has a “combination of reactive (compensatory) and
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predictive (anticipatory) balance control strategies”. Predictive balance control strategies 

were defined as “minimising the destabilising effect of predictable disturbance due, for 

example, to voluntary movement”. Reactive balance control strategies, which occur in 

order to maintain stability during unpredictable circumstances, were classified as either 

“fixed-support” or “change-in-support” strategies. The authors described experimental 

evidence in support of these classifications. A fixed-support strategy involves the control 

of the COM over a fixed BOS; the COM can be controlled through the movement of 

limbs and body segments that are not in contact with the support surface. The ankle and 

hip strategies (Horak and Nashner, 1986) are examples of fixed-support strategies. A 

change-in-support strategy involves the control of the BOS to move it under the COM 

This could involve stepping or grasping with a hand (Maki and Mcllroy, 1997). The 

stepping strategy, referred to by Duncan et al (1990a), is an example of a change-in- 

support strategy.

Although postural control strategies have traditionally been considered as reflex-like 

responses elicited automatically by a sensory stimulus, it is now considered that postural 

responses to maintain balance are reliant on the assessment and control of many variables 

by the CNS (Horak et al, 1997). Strategies of postural control therefore vary depending 

on an individual’s goals and environmental context. This view of balance control implies 

that balance can be considered to be a fundamental motor skill learnt by the CNS (Horak 

et al, 1997). Thus, like any other motor skill, postural control strategies can become 

more efficient and effective with training and practice (Horak et al, 1997). Balance 

control can therefore be regarded as a complex motor skill that is integral to human 

posture and movement.

2.3 Measurement of balance

Interest in the measurement of human balance originated with the observation of postural 

sway (Vierorot, 1862, in Thomas and Whitney, 1959). Three principal techniques of 

measurement were initially adopted in the assessment of postural sway:
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“(1) measurement of the displacement of body segments during standing 

posture, (2) pivot platform measurements of the movement of what was 

considered the vertical projection of the centre of gravity, and (3) 

measurement of the muscle activity which controls the inevitable motion 

of the body”. (Murray et al, 1975)

These techniques, which concentrated on the measurement of postural sway during quiet 

or “static” stance, dominated until the mid 1970s when the recognition that these 

techniques did not reflect the global nature of balance led to the development of 

alternative measures of human balance.

Technological advances aided the development of objective measurement systems. It 

was recognised that the measurements of the “vertical projection of the centre of gravity” 

were in fact measurement of the centre of pressure (COP). The COP is the centre of the 

distribution of the total force applied to the support surface. The COP therefore varies 

with movements of the COG and the muscular forces produced during postural sway. 

Measurement systems capable of the continuous measurement of the COP, and the 

vertical forces under the feet, initiated a number of different measurement techniques 

aimed at the assessment of aspects of balance.

Although technological advances led to the development of sophisticated systems of 

balance assessment, many of these measurement systems were complex, expensive and 

laboratory based. The desire for easily administered, less expensive, clinically feasible 

measurement systems led to the evolution of a number of alternative methods of balance 

assessment. These principally comprised timed, observational and scored balance tests.

The key methodologies currently used in the investigation of human balance are (1) 

observational and scored balance tests; (2) timed balance tests; (3) measurements of 

muscle activity using EMG; (4) measurements of the displacement of body parts; (5) 

measurements of COP during quiet stance; (6) measurements of COP during weight 

shifting; (7) measurements of weight distribution.
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2.4 Summary and conclusions

Despite the general acceptance that sensory organisation and motor co ordination are the 

fundamental requirements for balance (Nashner, 1982; Horak, 1987), no universally 

accepted biomechanical definitions of human balance are available. The use of the 

mechanical definitions of balance have been erratic and have proved insufficient for the 

description of human balance (Berg, 1989).

The observation that the body exhibits continuous postural sway led to an assumption 

that measures of postural sway were reflective of balance (Berg, 1989). Lichenstein et al 

(1990) hypothesised that while balance may be a multifactorial concept, deficits in 

balance may manifest themselves through an increase in postural sway. Although the 

term stability can be defined by purely mechanical principals, within the literature on 

human balance “stability” has also been used as a descriptor of aspects of postural sway 

during quiet stance (Lucy and Hayes, 1985; Ekdahl et al, 1989; Di Fabio and Badke, 

1990; Lehmann et al, 1990). In addition the term stability has been used as a reference to 

the distances that subjects are able to shift the centre of pressure within the BOS (Murray 

et al, 1975; Dettman et al, 1987; McCollum and Leen, 1989; King et al, 1994).

Balance in humans has been defined as a concept relating to three types of functional 

activity; the maintenance of a specified posture, the movement within and between 

postures, and the reaction to an unexpected disturbance. Postural control during the first 

two of these functions involves predictive balance control strategies, while postural 

control in the third situation involves reactive control strategies. Balance control can 

either involve fixed-support or change-in-support strategies. These categories of balance 

situations and balance control strategies appear to encompass all aspects of balance, 

whilst acknowledging the multifactorial dimension of the concept balance. Balance 

control can be regarded as a fundamental motor skill that will be context-specific and 

will respond to the process of motor learning.
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Interest in the field of human balance has expanded over the years and much research has 

been carried out into aspects of balance, or postural control, in healthy and disabled 

subjects. The lack of universally accepted definitions of balance, and of any global 

method of measuring balance (Horak, 1987; Berg, 1989) has led to the development of a 

variety of systems aimed at assessing different aspects of balance. Seven key methods 

used in the measurement of balance have been identified:-

1. Observational and scored balance tests;

2. Timed balance tests;

3. Measurements of muscle activity using EMG;

4. Measurements of the displacement of body parts;

5. Measurements of COP during quiet stance;

6. Measurements of COP during weight shifting;

7. Measurements of weight distribution.

Chapter 1 identified that a common aim of physiotherapy treatment for patients with 

stroke is the improvement of balance during the maintenance of postures such as sitting 

and standing, during movement within a posture (such as reaching), and during 

movement between postures (such as rising to stand and sitting down). The following 

chapter reviews the studies of balance in sitting, standing, reaching, rising to stand and 

sitting down, with reference to the 7 identified methods of measurement.
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3. Studies of balance and sitting, standing, reaching, rising to 

stand, sitting down and other functional activities

3.1 Balance and sitting

3.1.1 Introduction

A number of studies have investigated various aspects of sitting balance in both 

healthy and disabled populations. Table 3.1 lists some of the principal studies of 

balance in sitting. From the table it can be observed that the methods used in the 

investigation of sitting balance have included observational and scored tests, 

measurement of the displacement of body parts, measurement of the COP in quiet 

stance, measurement of the COP during weight shifting and the measurement of 

weight distribution. No reports of timed tests or measurements of muscle activity 

using EMG in the assessment of sitting balance were found in the literature. It can be 

observed from the table that objective measurements have primarily been used in the 

attempt to identify normal values for samples of healthy subjects and subjects with 

cerebral palsy or spinal deformities (generally long term Mieel chair users). In 

contrast, studies investigating the relationship between sitting and other functional 

activities have used subjective methods of measurement, and have generally not 

involved a sample of healthy subjects in the study. The different methods of 

assessing sitting balance identified in the table are reviewed in the following sections.

3.1.2 Observational and scored tests of sitting balance

The principal problem with the use of observational and scored tests of sitting balance 

is the degree of subjectivity involved in the testing and scoring. Sandin and Smith

(1990) tested sitting balance using an assessment that involved the subjective 

observation of a subject’s responses to the application of a subjectively applied force. 

Sandin and Smith (1990) did not address issues relating to the reliability of this 

assessment tool. Morgan (1994) used an adapted version of the assessment employed 

by Sandin and Smith (1990). Morgan (1994) tested the inter-rater reliability of the 

assessment and found it to be high (although the methodology, the number of 

subjects, and the number of raters, involved in the reliabihty study are not 

documented). Both Sandin and Smith (1990) and Morgan (1994) found that there was

25



a strong association between ability of patients with stroke to sit during the first 

assessment and the ability to walk a number of weeks post-stroke. Thus these studies, 

despite the low sensitivity due to the scoring of sitting balance, suggest that there is a 

relationship between sitting balance and fimctional ability in stroke patients.

A uthor M ethod of 
m easurem ent

H ealthv
subiects

Disabled
subjects

PrinciDal aim s of 
studv

Fife et a! (1991) Observational /  scored CP n = 40 Normative values
Bohannon et al (1986) Observational /  scored Hémiplégies. 

n =  105
Relationships between 
balance and function.

Keenan et al (1984) Observational /  scored Hémiplégies. 
n = 90

Relationships b e t w ^  
balance and function.

Morgan (1994) Observational /  scored Hémiplégies. 
n = 52

Relationships between 
balance and function.

Nitz and Gage (1995) Observational /  scored Hémiplégies. 
n = 40

Relationships between 
balance and function.

Sandin and Smith 
(1990)

Observational /  scored Hémiplégies. 
n = 24

Relationships between 
balance and function.

Taylor et al (1994) Observational /  scored Hémiplégies. 
n = 8

Relationships between 
balance and function.

Hulme et al (1987a) Observational /  scored CP. n =  11 Effect o f  intervention 
on balance.

Borello-France et al 
(1988)

Observational /  scored Hémiplégies. 
n = ?

Effect o f intervention 
on balance

M illete and Rine (1987) Measurement o f 
displacement o f 
anatomical points

n = 20 Normative values

Reid et al (1991) Measurement o f 
displacement o f 
anatomical points

n = 45 CP . n = 8 
Head injury. 
n = 7

Normative values

McClenaghan (1988) Measurement o f the 
COP during quiet sitting

n = ? CP. n = ? Normative values

Fleischer et al (1987) Measurement o f  the 
COP during weight 
shifting.

n = 16 Normative values

Drummond et al (1982) Measurement o f  weight 
distribution

n =  15 CP /  spinal 
deformities, n 
= 50

Normative values

Smith and Emans (1992) Measurement o f  weight 
distribution

n = 21 Spinal
deformities, n 
= 79

Normative values

Nichols et al (1996) Measurement o f  weight 
distribution

n =  6 Hémiplégies. 
n =  12

Relationships between 
balance and function

Table 3.1: Summary of studies of sitting balance.

The relationship between sitting balance and fimctional abihty in stroke patients has 

been further investigated in a number of retrospective studies. Nitz and Gage (1995) 

found a significant relationship between the sitting balance at initial assessment and 

gait ability at discharge. Keenan et al (1984) found that balance was the most 

significant factor correlating with gait ability at the time of discharge. Bohannon et al 

(1986) reported a “significant, but weak” relationship between the side of hemiplegia
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and the ability to sit independently. However this was not supported by the audit 

carried out by Nitz and Gage (1995). Although retrospective studies have been used in 

the exploration of relationships between sitting balance and other variables, the results 

of all retrospective audits are limited by the reliabihty of the recorded information. In 

many cases, factors such as the training and status of the assessor, the frequency of 

assessment, and the assessors’ knowledge and interpretation of the “standardised” 

assessment is not known. These factors limit the abihty to draw firm conclusions 

from retrospective audits.

Attempts have been made to assess the reliability of subjective measurement tools 

designed to measure sitting balance. Studies which used photographs to allow 

repeated observation of subjects have generally demonstrated high rehability (Taylor 

et al, 1994), Miile studies that have used direct observation of subjects have 

demonstrated low rehability (Fife et al, 1991). These results emphasise the difficulty 

of taking one, effectively “instantaneous”, observation of sitting balance as a 

representation of the sitting balance in general.

3.1.3 Measurement of the displacement of body parts during sitting

There have been few studies that have measured the displacement of body parts to 

assess sitting balance. Milette and Rine (1987) investigated the head and trunk 

movement responses of 20 seven-year-old children during induced and self-induced 

lateral tilt, using a camera and body markers. A number of different body angle 

measurements were taken from still photographs. Tests of rehabihty demonstrated 

good inter-rater rehabihty (r > 0.85). However, all measurements were taken by one 

tester, yet no tests of intra-rater rehabihty were reported. The authors stated that the 

measurements were taken to the nearest five 10*® of a degree and to the nearest 10* of 

a centimetre. The abihty to determine the measurements to this degree of precision 

must be challenged. Milette and Rine (1987) concluded that the movements of body 

parts during induced and self-induced lateral tilt were significantly different. 

Although further studies are required to confirm this conclusion, these results have 

potential implications for methods of balance testing.

Reid et al (1991) used a 3-D tracking system to measure the movement of C7 during 

quiet sitting, in healthy children and children with cerebral palsy. The validity of
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using the movement of only one body part, without reference to movement of other 

body parts, must be challenged. The reliability of the application of the tracking 

system and the derivation of the displacement from the recorded data may be low. 

Further research is required to establish whether the measurement of the displacement 

of body parts is a valid method of assessing sitting balance.

3.1.4 Measurement of the COP during quiet sitting

Only one study using measurement of the COP during quiet sitting was found in the 

literature (McClenaghan, 1988). A Kistler force plate, which is commonly associated 

with studies of stance, was mounted into the seat of a chair to allow subjects to sit 

directly on the force plate. The position of the subjects was standardised within the 

anterior-posterior (AP) plane, but not in the medio-lateral (ML) plane; this meant that 

only data pertaining to the COP in the AP plane could be reported. There were further 

problems with the subject position, as no force measurements were taken from under 

the feet or hands; thus the reported force values were not representative of total body 

weight, or of the total forces applied by the subject. This study highlights that there 

are several potential problems with the measurement of the COP during sitting, due to 

difficulties in positioning subjects on the force plate. Further research is necessary to 

explore the ability to measure the COP during sitting.

3.1.5 Measurement of the COP during weight-shifting in sitting

As in the case of the measurement of the COP during quiet sitting, there are a lack of 

studies that have investigated weight-shifting in sitting. The one study found in the 

literature used a specially designed measurement system, consisting of a chair with a 

central shaft fitted with a series of resistive strain gauges which recorded bending 

moment, from which the lateral and AP weight displacements were computed 

(Fleischer et al, 1987). In this study the measurement system recorded over a period 

of one hour, during which the 16 healthy subjects carried out a hand function task on 

the table in front of them. Each subject was measured daily for 5 consecutive days. 

Despite the potential for this measurement system to provide normative values 

pertaining to sitting balance, the nature of this study meant that the recorded lateral 

and AP weight displacements were specific to the hand function task carried out and 

could not be generalised to any other situation. However, the location of the COP 

over the hour was plotted against time for each test hour, and these image patterns
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were found to vary characteristically for individual subjects. From this the authors 

hypothesised that sitting behaviour is controlled by motor programs with different 

individual characteristics. This hypothesis is therefore of relevance to all studies of 

sitting balance and movement in sitting. The measurement tool developed by 

Fleischer et al (1987) could potentially be used for the assessment of specific weight- 

shifting tasks in order to assess the control of the COP within the BOS.

3.1.6 Measurement of weight distribution in sitting

No studies were found in the literature that reported direct measurements of weight 

distribution in sitting. It is hypothesised that this is due to the lack of suitable 

measurement equipment. However, a number of studies have used pressure plates to 

record die instantaneous pressure disfribution under die buttocks in sitting, from 

which the percentage weight distribution could be derived.

Drummond et al (1982) took objective measurements of the distribution of pressure 

under the buttocks from 15 healthy children and adults, and 50 patients with cerebral 

palsy and spinal deformity. The mean percentage weight distribution on the left and 

right thigh, left and right ischial tuberosity and sacrum are displayed, for the healthy 

subjects in Table 3.2. It was not stated whether the method of identifying the 

individual anatomical sections was an automated process or required user- 

intervention. It was stated that 2 separate tests were performed for each subject and 

that these were reproducible to within 3%. However it was not made clear whether 

the whole test was repeated, or whether 2 individual recordings were made during one 

test session. The latter process would limit the usefulness of the repeated measures, 

as the subject may not be repositioned between tests.
le ft th ig h left ischial 

tu b e ro sity
sac ru m rig h t ischial 

tu b e ro s ity
r ig h t th ig h

m ean 21 18 5 17 21
s ta n d a rd
dev iation

4 3 2 7 4

Table 3.2 Mean percentage weight distribution for bealtby subjects (n = 15) 
from tbe study by Drummond et al (1982)

Smith and Emans (1992) took 3 repeated instantaneous measures of the distribution of 

pressure under the buttocks in sitting from a sample of healthy subjects (n = 21) and a 

sample of subjects with spinal deformities (n = 79). Smith and Emans reported that
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there were no significant differences between the repeated measures for each subject; 

falsely concluding that the 3 readings were therefore the same. Smith and Emans

(1992) determined two main values from the pressure measurements. They stated that 

“The mean of the calculated percentage imbalance was considered to 

represent the static sitting balance. The sum of the differences from 

the mean was used to assess the dynamic sitting stabihty”.

The implication from this statement and the ensuing results is, therefore, that the 3 

readings were not the same, and that the differences between the readings represent 

some sort of dynamic balance activity. The results for the healthy subjects were: 

static sitting balance = 7.1±5.5%; dynamic sitting balance = 12.1±7.6%, calculated 

from the 3 readings in the method described. From these results the authors 

concluded that a range of 40 - 60% of weight taken on either side during sitting 

should be considered normal. However, the results do not appear to support this 

conclusion. The classification of static and dynamic sitting balance does not appear to 

be comparable with the other definitions of these terms; dynamic sitting balance, as 

used in this study would appear to be a measure of sway or variability in movement.

Nichols et al (1996) took direct measurements of the symmetry of weight distribution 

and ability to weight shift in sitting, from 6 healthy and 12 hemiplegic subjects The 

authors adapted a commercially available force platform system that comprised four 

adjustable force transducers, placing a force transducer under each leg of a standard 

chair. A standardised protocol was used in an attempt to position each subject on the 

centre of the chair. Despite the authors’ recognition that no data was available in the 

literature pertaining to the symmetry of weight distribution or ability to weight shift in 

sitting, Nichols et al (1996) failed to report any data pertaining to these variables. 

However, the authors did state that there was extremely high test-retest rehability for 

the healthy subjects (symmetrical sit ICC = 0.86; weight shift to right ICC = 0.87; 

weight shift to left ICC = 0.92) and moderate to high test-retest reliabihty for the 

hemiplegic subjects (during 1*̂ test week, symmetrical sit ICC = 0.18; weight shift to 

affected side ICC = 0.90; weight shift to unaffected side ICC = 0.87). This study 

therefore demonstrated that reliable objective measures of weight distribution in 

sitting can be obtained from healthy and hemiplegic subjects.
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Nichols et al (1996) also compared the symmetry and weight-shifting measures with 

functional tests (the Functional Independence Measure, FIM). No correlation was 

found between the symmetry of weight distribution in sitting or the ability to transfer 

weight to the unaffected side and functional ability, and weak correlations were found 

between the ability to transfer weight to the affected side and functional ability. Each 

of the hemiplegic subjects were tested on 3 occasions during the period of in-patient 

rehabihtation. The timing of the tests, or the length of onset after stroke, was not 

explicit. However, the results demonstrated that there was no change in the symmetry 

of weight distribution or the abihty to weight shift over the period of time, despite in

patient rehabihtation that included the goal of improving the symmetry of sitting 

(Nichols et al, 1996). The results of this study can thus be argued to highhght issues 

that are potentially of fundamental importance to the rehabihtation of sitting balance. 

This study leads to the hypothesis that the symmetry of weight distribution and abihty 

to weight shift in sitting may not be related to functional abihty, and may not improve 

despite therapy aimed at improving sitting balance. This was a small-scale study, 

hmited by a lack of detail pertaining to the measurement system and the absence of 

reported force or symmetry measures: however, the results emphasise that further 

research into this area is essential.

3.1.7 Summary and conclusions

Relatively few studies of sitting balance have been carried out, and few firm 

conclusions can be drawn. ITie majority of studies of sitting balance have involved 

observational and scored tests. These tests are useful in the clinical setting and easy 

to administer, but are hmited by the subjective nature of the assessments and the 

failure of authors to address issues relating to the rehabihty and vahdity of the 

measures. With the exception of the study by Nichols et al (1996), the only studies of 

sitting balance with hemiplegic subjects found in the literature involved observational 

scores. Preliminary results have suggested that sitting balance at the time of the first 

assessment may be related to abihty to achieve independent ambulation. Nichols et al

(1996) presented results that lead to the hypothesis that the sitting balance of 

hemiplegic subjects is not related to functional abihty and does not improve with 

therapy.
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Very few studies of sitting balance using objective measurement systems have been 

carried out. The populations studied have primarily been healthy subjects and 

subjects with spinal deformities. The small number of studies, the sizes of the 

samples investigated, problems relating to standardisation of position, and the validity 

of the outcome measures limit the ability to draw conclusions pertaining to the 

objective assessment of sitting balance. Further research is required to develop 

systems able to objectively assess sitting balance.

Despite the emphasis on the rehabihtation of sitting balance for subjects with 

hemiplegia following stroke, there is currently an absence of objective measurements 

taken from subjects in this population; research into the nature of sitting balance in 

subjects with hemiplegia following stroke is, therefore, essential. Future studies must 

use measurements of sitting balance that are precise, accurate, rehable and valid.

3.2 Balance and Stance

3.2.1 Introduction

The early identification of postural sway in stance (Vierorot, 1862 in Thomas and 

Whitney, 1959) has resulted m a concentration by many researchers on balance in 

stance. There are therefore many studies pertaining to balance in stance. The 7 

principal methods of measuring balance, identified in the previous chapter, have all 

been regularly used in the investigation of standing balance. With reference to the 

methods of measurement adopted. Table 3.3 and Table 3.4 identify the key studies 

that have attempted to determine normative values. Table 3.5 to Table 3.7 list studies 

which have aimed to find relationships between standing balance and other fimctional 

activities, to find relationships between different methods of assessing standing 

balance, and to investigate the effect of treatment interventions on standing balance. 

The following sections review these studies with reference to the method of 

measurement used to assess standing balance.
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Observation Timed tests Measuremmt of Measures of Measures of Measures of Measures of
/ scored tests mnsde activity dbpiacement COP in quiet COP during W eiÿti

using EMG of body parts stance Wright shifting distribution
Berg et al Bohannon et A nissdal Holliday and Black et al Di Fabio and Bohannon and
(1989) al(1984) (1990) Femie (1979) (1982) Badke (1990) Tinti-Wald

(1991)
Hill et al Briggs et al Badke and Orma(1957) Bullodc' Goldie et al B diannondal
(1990) (1989) Duncan (1983) Saxton et al 

(1991)
(1996) (1989)

Wolfsonet Cohoietal Didcsteindal HayaÂi etal Hayashietal Brownlee d  al
al (1986) (1993) (1989) (1988) (1988) (1989)

Crotts d a l Dimer et al Hellebrandt King d a l Caldwell d a l
(1996) (1984) (1938) (1994) (1986)
Durmetal Nashner et al Kirldry etal Murray d a l Didcsteindal
(1991) (1979) (1987) (1975) (1984)
Fkdflhl ^  al Lucy and Riach and Murray and
(1989) Hayes (1985) Starkes (1993) PetCTSon (1973)
Heltmarm et Mizrahi etal Nichols d  al
al(1989) (1989) 

Murray etal 
(1975)
Ring etal 
(1988) 
Samson and 
Crowe (1996) 
Seliktaretal 
(1978) 
Thomas and 
Whitney 
(1959)

(1995)
Sackley and 
Lincoln (1991)

Table 3.3: Studies aimed at producing normative values, relating to standing 
balance, for healthy populations.

Observation
/scored tests

Timed tests Measurement of 
muscle activity 
using EMG

Measures of 
displaccmoit 
of body parts

Measures of 
COP in quiet 
stance

Measures of 
COP during 
WeUdtt shifting

Measures of W ei^t 
distribution

Wolfeonrt 
al (1986)

Cohen ^ a l  
(1993)

Heltmann et 
al (1989)

Badke and 
Duncan (1983)

Dickstein et al 
(1989)

Lucy and 
Hayes
(1985) 
Mizrahi ct 
al (1989) 
Ring étal
(1988) 
Sehktaretal 
(1978)

B(Aannonand 
Larkin (1985)

Di Fabio and 
Badke(1990) 
Goldie et al 
(1996)

Bohannon aixl 
Larkin (1985)

Bcdiannon and 
Tinti-Wald(1991) 
Bohannon and 
Waldron (1991) 
Brownlee et al
(1989)
Caldwell et al
(1986)
Ddtmarm et al
(1987)
Dickstein et al 
(1984)
Saddey (1991)

Table 3.4: Studies aimed at producing normative values, relating to standing 
balance, for disabled populations.
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Observation / 
scored tests

Timed t^ ts Measuremen 
t of muscle 
activity using 
EMG

Measures of 
displacement 
of body parts

Measures of 
COP in quiet 
stance

Measures of 
COP during 
Weight 
shifting

Measures of
Weight
distribution

HiUetal
(1996)

Heltmann et 
al (1989) 
Iverson et al 
(1990) 
Bdiannonet 
al (1993)

Duncan d a l
(1990)

P a id a l
(1994b)

Ekdahl d  al
(1989)
Titianova and 
Tarkka (1995) 
Lehmann d a l
(1990)

Dettmann d  
al(1987)

Brunt d a l
(1995)
Grumdel
(1992)
Saddey
(1990)

Table 3.5: Studies investigatiug relationship between standing balance and
functional ability.

Observation / 
scored tests

Timed tests Measuremen 
t of muscle 
activity using 
EMG

Measures of 
displacement 
of body parts

Measures of 
COP in quiet 
stance

M easure of 
COP during 
Weight 
shifting

Measures of
Weight
distribution

Hamrin a  al 
(1982)

Linden d  al 
(1989)

Gamfaier-
Gagncmdal
(1986)
Hamman d  al 
(1992) 
Shumway- 
Cook d a l
(1988)
V^nstein d  al
(1989)

Hamman et al
(1992)

Hayashi d a l  
(1988)

De W ea-dtd 
al (1989)

Hodiermand
al(1984)
W u d a l
(1996)

Table 3.6: Studies investigating effect of intervention on standing balance.

Observation / 
scored tests

Timed tests Measuremen 
t of muscle 
activity using 
EMG

Measures of 
displacement 
of body parts

Measures of 
COP in quiet 
stance

Measures of 
COP during 
Weight 
shifting

Measures of
Weight
distribution

H illd a l
(1996)

Bohannon et
al (1993)

Duncan d a l  
(1990b) 
Ekdahl d a l  
(1989)
Goldie d  al 
(1989)
Lichenstein d
al(1990)
Mechling
(1986)
Shumway-
Cook d a l
(1988)

Table 3.7: Studies investigating relationship between methods of measuring 
standing balance.
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3.2.2 Observational and scored tests of standing balance

Several different balance tests, using a variety of scored outcome measures, have been 

developed and used in a number of investigations of standing balance. Table 3.8 

highlights some of the tests and the outcome measures that have been used.
STUDY SAMPLE TEST OUTCOME MEASURE
Wolfson ct al (1986) 21 healthy subjects 

(38±10ycars); 18 “non- 
fallers” (81±9years); 22 
“fallers” (84±7years)

Postural Stress Test 
Pulley weight system to 
deliva" destabilising force 
to subject Subject to 
remain standing.

1) No. of trials with 
effective balance (score 0- 
4).
2) Balance Strategy Score. 
Evaluation of effectiveness 
ofrespOTse; 91evel 
grading system.

Hill etal (1990) 24 healthy females (ovct 
65years)

Postural Stress Test 
(Wolfson et al, 1986)

Balance Strategy Scwe

Hill etal (1996) 41 healthy subjects 
(72.5±4.1years); 41 
hemiplegic subjects 
(72 ^lO.Syears)

Stq) Test for dynamic 
standing balance. Subject 
to stq) foot on and off step 
as many times as possible 
in specified time.

Number of steps in time.

Hamrin et al (1982) 37 hemiplegic subjects Lateral sway, AP sway and 
AP weight shifting 
recwded on force plate

Score, obtained from force 
plate measuremoits (score 
1-3).

Ba-g et al (1989) 14 videos of patients, 
assessed by 5 rato-s

(Questionnaire Score fixun questionnaire 
responses

Table 3.8: Observational and scored tests of standing balance.

One of the most well used scored balance tests was developed by Wolfson et al 

(1986). This test is known as the Postural Stress Test (PST) and uses a pulley weight 

system to dehver reproducible impulses of destabilising force to a subject. Wolfson et 

al (1986) developed two measures of the subjects balance responses. One of these 

measures was simply the number of trials with effective balance - scores of 0, 1, 2 or 

3 depending on whether if balance was retained during the different destabihsing 

forces. The second measure was named the “Balance Strategy Score” (BSS) and was 

an evaluation of the effectiveness of the balance response, using a 9 level grading 

score. The inter-rater reliability of 4 health professionals, observing videos of the 

responses of 20 hemiplegia subjects, was high (Cronbach’s Alpha = 0.99). Wolfson 

et al (1986) then tested the PST with 21 young healthy subjects, 18 healthy elderly 

subjects, and 22 subjects with a history of falling. The correlation between the 

number of trials with effective balance and the BSS was found to be high (p<0.001).

Hill et al (1991) used an adapted version of the PST, to assess the balance of 24 

healthy females. This study demonstrated that there were no significant differences 

between the BSS from tests on different days, suggesting that the BSS had high intra-
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rater reliability. The authors concluded that the BSS, as measured during the PST, 

was a reproducible measurement of responses to a perturbation of balance in a 

homogenous sample of healthy elderly females. However, the authors did warn that 

the high intra-rater reliability might have been partly due to the low inter-subject 
variation.

Wolfson et al (1986) and HiU et al (1991) have therefore demonstrated that the PST 

and the BSS may provide a reliable measurement of standing balance. However the 

validity of this test as a measurement of standing balance has not been addressed. 

Further research is required to explore the use of this test. Problems with the 

determination of a valid score of standing balance are common to many of these 

studies. Berg et al (1989) developed a scored questiomuiirc based on items which 

health professionals assess pertaining to balance, and assumed that this would provide 

a valid measure of balance. However this is based on the supposition that the clinical 

assessments and perceptions pertaining to balance of health professionals are valid.

Hill et al (1996) attempted to develop a specific and valid test of dynamic standing 

balance. The test involved stepping with a specified foot (both right and left were 

tested) on and off a 7.5cm or 15cm block as many times as possible in 15 or 30s. The 

validity of the Step Test was investigated by testing 29 healthy subjects and 20 

hemiplegic subjects using the step test, the test of functional reach developed by 

Duncan et al, 1990b (see section 3.3.4), measures of comfortable gait speed and stride 

length. The step test was found to correlate with gait velocity and stride length 

(p<0.001). From these results Hill et al (1996) concluded that the Step Test was a 

valid test of standing balance. However the finding that the Step Test correlated with 

gait velocity and stride length, but not with functional reach, which Duncan et al 

(1990b) proposed as a test of balance ability, suggests that the Step Test is not a valid 

test of dynamic standing balance, although it may be a valid test of gait abihty.

Hamrin et al (1982) assigned a ranked score to quantitative platform measures. 

Lateral sway, AP sway and AP weight shifting were recorded using force plates. 

Following the recording of the objective measurements a score of 1-3 was assigned, 

from the platform measures. The method of ranking the quantitative force measures to 

scores of 1-3 was not explained. The authors did not address issues relating to this
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choice of balance scoring, and the reasons for using a sensitive objective measurement 

tool to obtain an estimation of standing balance were not stated. This methodology 

appears to lose the advantages and sensitivity of the objective test, without gaining the 

advantages of the ease of administration and lack of sophisticated equipment required 

for subjective tests.

In summary, a number of different obsen^ational and scored tests of standing balance 

have been developed. The advantages of observational and scored tests are often that 

they do not require the use of sophisticated equipment, and are easy to administer. 

However a number of the scored tests of standing balance have required the use of 

specialised equipment such as pulley systems (Wolfson et al, 1986; Hill et al, 1990) 

and force plates (Hamrin el al, 1982). The reliability of many of these tests has been 

investigated, and demonstrated to be high (Wolfson et al, 1986; Berg et al, 1989; Hill 

et al, 1991, 1996), although these findings must be interpreted with care as the 

number of subjects and testers have generally been low. The high reliability found in 

these studies could be due to the lack of sensitivity and distinctiveness of 

observational and scored tests. The greatest limitation of many of these tests is that 

the validity of the score as an assessor of standing balance has not been determined.

3.2.3 Timed tests of standing balance

Table 3.9 describes the most commonly used timed tests used in the more recent 

studies of standing balance.
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STUDY SAMPLE STANCE CONDITIONS TIMED TEST
Bdiannon 
et al (1984)

184 healthy subjects (20- 
79years)

Feet tq>art (26cm), feet 
together, one-legged stance 
+ eyes opm and closed

Ability to maintain position, iq> to a 
maximum of 30s. Best of 5 attenq)ts

Bohannon 
et al (1993)

38 hemiplegic subjects (30- 
88years)

Fed: apart (foot length), feet 
together, one-legged stance

Attenq)t feet q>art stance - if 
maintained for 60s, proceed to feet 
togethiQ' stance - if maintained for 
60s, [Hoceed to one legged stance. If 
60s not adneved, have 5 timed trials 
at that level.

Briggs et al 
(1989)

71 healthy women (60-86years) Heel-to-toe stance, one- 
legged stance + eyes open 
and eyes closed

Ability to maintain position, up to 
maximum of 45s for one-legged 
stance, and 60s for heel-to-toe stance

Cohen et al 
(1993)

15 healthy subjects (25- 
44years); 15 healthy subjects 
(45-64years); 15 healthy 
subjects (65-84years); 15 
subjects with vestibular 
diswdas (30-87years)

Fed: togetho- stance + 6 
sensory conditions proposed 
by Shumway-Cook & 
Horak(1988)

Ability to maintain position, up to a 
maximum of 30s

Crotts etal 
(1996)

15 healthy subjects (23- 
37years); 15 professional 
danco3 (20-32years)

One-legged stance + 6 
smsory conditions prqx)sed 
by Shumway-Cook &
Horak (1988)

5 trials of attenuating 30s. Perfect 
score (i.e. 30s) on 1st trial = 
5points*30s (=150); cm 2nd = 
4points*30s-Hime from 1st trial etc.

Dunn and
Prewitt
(1991)

90 healthy subjects (50- 
79years)

Feet together stance, heel- 
to-toe stance + 6 sensory 
conditions prc^)osed by 
Shumway-Cook & Hwak 
(1988)

Ability to maintain position, up to a 
maximum of 60s

Ekdahl et al 
(1989)

152 healthy subjects (20- 
64years)

One-legged stance + eyes 
opm and eyes closed

Ability to maintain position, up to a 
maximum of 30s + time able to 
maintain one-legged stance, eyes 
closed

Heltmann ei 
al (1989)

113 healthy women Heel-to-toe stance, one- 
legged stance + eyes q ja i 
and eyes closed

Ability to maintain position, up to 
maximum of 30s fm* one-legged 
stance, and 60s for heel-to-toe stance

Iva-sonet 
al (1990)

54 healthy males (60-90years) Heel-to-toe stance, one- 
legged stance + eyes open 
and eyes closed

Ability to maintain position, up to 
maximum o f  30s for one-legged 
stance, and 60s for heel-to-toe stance

Table 3.9: Timed tests of standing balance

The majority of the studies using timed tests of standing balance have been carried out 

with healthy subjects, in an attempt to assess the influence of different sensory 

conditions on ability to maintain balance. Many of these studies have used 

standardised feet positions that are aimed at decreasing the base of support and 

consequently reducing the ability to balance. The reason for attempting to reduce the 

base of support is that, unlike measurements of postural sway and weight distribution 

which can determine subtle differences in normal foot-apart stance, timed tests require 

stance positions which provide a greater challenge to balance. The use of timed tests 

can be argued to be advantageous due to the lack of equipment required, the ease in 

^ ^ c h  the tests can be carried out, and the validity of using measures of time.
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Many timed tests of standing balance have involved the subject attempting to 

maintain a specified standing posture (these postures are identified in Table 3.9) for a 

maximum length of time. The maximum times selected have included 30 seconds 

(Bohannon et al, 1984; Cohen et al, 1993), 45 seconds (Briggs et al, 1989), and 60 

seconds (Heltmann et al, 1989; Iverson et al, 1990; Dunn and Prewitt, 1991). In all of 

these studies the use of the arbitrarily selected maximum time has resulted in a ceiling 

effect, with the majority of subjects achieving the maximum stance time. This 

provides results that lack distinctiveness. Despite the number of studies that have 

demonstrated the limitations associated with the selected maximum times, no 

appropriate timed-test appears to have been determined. Ekdahl et al (1989) used the 

traditional 30 Second maximum in the assessment of one-legged stance. However, in 

addition to this, this study also recorded the maximum time for which one-legged 

stance with eyes closed could be maintained, with no cut-off time. The subjects tested 

were 152 healthy adults, aged between 20 and 64 years. All of the subjects aged 54 

and below (n=109) were able to maintain the eyes-open one-legged stance test for the 

full time of 30 seconds. The use of a test of maximum stance time would, therefore, 

appear to be a more distinctive test of balance ability.

Crotts et al (1996) attempted to use a timed test to develop a balance “score”. 
However the scoring system made assumptions regarding learning and variability in 

balance ability, assuming that if a subject achieves 30 seconds stance in the first trial 

then they will also achieve 30 seconds in all subsequent tests. There is no evidence to 

support this assumption; this score therefore lacks the advantages of the validity 

associated with timed tests.

Few studies have addressed the reliability of the use of timed tests. Bohannon et al

(1993) investigated the reliability of timed tests, with a sample of hemiplegic subjects. 

Repeated test on two different days demonstrated that the measures of balance time 

were not reliable within or between sessions. The lack of reliability, validity and 

distinctiveness of these tests presently outweigh the advantages associated with the 

ease of administration. Further research is necessary into the methodology of the 

timed tests before they can become a useful aid to assessment of standing balance.
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3.2.4 Measurements of muscle activity using £M G during stance

A large number of studies have recorded muscle activity using EMG to assess 

postural sway in healthy subjects and in hemiplegic subjects. Many of these 

experiments have used the application of an external force to induce a perturbation in 

the subject, and have recorded the muscle activity subsequent to the perturbation. The 

results of each of these studies are specific to the muscle groups tested and to any 

external force applied. Duncan et al (1990a) took EMG recordings from 17 healthy 

subjects (60-79 years) in order to compare the Postural Stress Test (Wolfson et al, 

1986), which involves applying increasing destabilising forces to the waist, with a 

platform perturbation test. The results demonstrated that there were some distinctions 

between the muscle response patterns for the two tests, although there was variability 

in the response patterns for both tests. The authors concluded that balance responses 

were specific to the methods of perturbation.

The specificity of EMG studies, to both the muscle group tested and to the method of 

perturbation used, limits the ability to use muscle activity recordings as valid and 

generalisable assessors of global ability to balance.

3.2.5 Measurement of the displacement of body parts during stance

Measurement of the displacement of body parts in the assessment of postural sway 

during stance was popular prior to the increased availability of force plates capable of 

directly measuring COP movement. Orma (1957) used photographs of an 

illuminated point on subjects’ heads in order to determine the magnitude of postural 

sway. Holliday and Femie (1979) used potentiometric displacement transducers in 

the sagittal and coronal planes in order to assess movement of the pelvis in the 

horizontal plane. Measurements of the displacement of anatomical points have also 

been used to assess movement of body parts in response to a static destabilising force 

(Lee et al, 1988). However the application of destabilising forces will result in 

responses related to strength and power, and might not be reflective of balance.

Pai et al (1994b) used a motion analysis system (WATSMART) comprising infrared 

LEDs and a camera system to record the locations of the joint centres of the ankles, 

knees, hips and shoulders during lifting one leg off the floor. This information was 

then used to compute the location of the COM of the Wiole body, with respect to the
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BOS. 14 subjects with hemiplegia took part in the study. Pai et al (1994b) discussed 

the results with reference to the movement of the centre of mass in respect to the 

BOS. This study thus demonstrated the potential usefulness of motion analysis in the 

investigation of standing balance. However, the measurement of the displacement of 

anatomical points in the determination of the position of the COM is limited by the 

inability to record the movement of all relevant joints, the necessity of using estimates 

of the mass and COM of different body segments, and the ensuing uncertainty in 

estimating the location of the COM

3.2.6 Measurements of the COP during quiet stance

The measurement of postural sway, by measuring the movement of the COP has been 

carried out with subjects in stance since the early work of Hellebrandt in 1938 

Hellebrandt (1938) constructed and calibrated a series of platforms that could measure 

the COP in the AP and lateral planes. Measurements were taken from 10 healthy 

women, and it was concluded that the COP shifted incessantly although the 

movement might be less than 1cm. This was a pioneering piece of investigative work 

for this time and, although the lack of standardisation of measurement made 

comparison with later studies impossible, this work initiated the study of the 

movement of the COP in stance.

Thomas and Whitney (1959) produced a measurement platform that was more 

objective than the platforms used in earlier experiments. This measuring platform, 

comprising a suspended platform with “elastic restraining systems” at the comers 

coimected to a Wheatstone bridge circuit, was capable of continuous data collection. 

Thomas and Whitney (1959) used this system to record 4 minutes of standing data 

from 10 healthy men (aged 19-20years). The results of this study identified that the 

mean amplitude of the COP in the AP plane varied from 0.36-1.13cm. The authors 

did not state the frequency at which the data was collected; the frequency of data 

collection has imphcations, as the frequency of postural sway was not known. The 

use of a measuring frequency lower than that of postural sway may have affected the 

range of results measured.

Murray et al (1975) measured the position of the COP, using a specially designed 

force platform, from 8 men in each of the 3rd, 5th, and 7th decades during single- and
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double-limb stance over a 1 minute period. The authors concluded that the mean 

position of the COP in the AP plane during double limb stance was (in cm) 0.33±0.08, 

0.38±0.08, and 0.41±0.08 for the 3 decades. The use of a different measurement 

outcome than had been used in the previous study by Thomas and Whitney (1959) 

makes it impossible to compare the results of the 2 studies. In addition, the failure of 

the authors to state whether the standing posture adopted by the subjects was 

standardised or not, makes it impossible for this study to be repeated by other 

researchers.

The two problems highlighted in the study by Murray et al (1975) - the use of 

different measurement outcomes from previous studies, and the failure to standardise 

the testing methodology and procedures - have contmued to anse m the majority of 

further studies using measurements of postural sway in stance. Table 3.10 highlights 

the different outcome measures which have been used during studies of standing 

balance, which have used force platforms to record the movement of the COP. For 

many of these studies no explanation pertaining to the selection of the outcome 

measure is provided; it is generally assumed that the selected outcome measure is 

reflective of standing balance. Table 3.11 lists some of the testing protocols, 

including the time and frequency of measurement, and the standardisation of the 

standing position during testing, which have been used in different studies of the 

movement of the COP during stance. The use of different outcome measures and 

testing protocols makes comparison between studies difficult.
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STUDY SAMPLE OUTCOME MEASURE
Black etal (1982) 132 healdiy subjects (20-49years) mean squared displacement of centre of fwce
Bullock-Saxtcm et al 
(1991)

15 maies, 15 females (17-25 years) rotultant movement of COG

Gauthier-Gagnon ei al 
(1986)

11 below-knee amputees (65±1 lyears); 
30 healthy subjects (60±9years)

mean position of COP. 
mean area of sway.

Goldie e ta l(1989) 28 heahhy subjects force and COP measures
Hamiuaü et al (1992) 17 healthy subjcels (20-35ycary) area of sway
Jeong(1991) 10 heahhy men (23-26years) total sway distance 

total AP distance 
total ML distance

Karlssœi (1997) 20 heahhy subjects. 20 hemiplegic 
subjects.

standard deviation of AP grmind reaction force divided by body 
mass
standard deviaticm of AP COP measures

Kirkby et al (1987) 5 healthy men; 5 healthy women 
(26.4±6.2years)

total excursion of COP, in AP and ML directions.
mean AP and ML position as a %age of distance from midline.

Lehmann et al (1990) 34 healthy subjects (16-30years). 46 
head injured.

mean COP position 
mean displacement 
sway path 
sway area.

Lichenstein et al 
(1990)

43 finales (over 65years) XV area = = (range of movt along x-axis * range of movt along 
y-axis)/timc of trial
radial area = radial distances of centre of force at each sample 
from geometric centre of stance, avoaged to determine avaage 
radial area - adjusted for time as XY area 
avaage velocity = avaage of instantaneous velocities

Lucy and Hayes 
(1985)

66 healthy subjects (30-80years). 
Subjects with cerebellar ataxia.

mean position of COP.
average RMS for amplitude of sway in AP and ML directions.

Mizrahi et al (1989) 6 healthy subjects (64.6±8. lyears). 16 
hemiplegic subjects (60.9±10.5years)

relative sequaice of force vector on feet 
timing and amplitudes of wavefoms 
face activity (WBI = good-hemi/total)

Murray et al (1975) 8 healthy men in each of 3rd, 5th & 7th 
decades

mean position of COP
avaage distance of COP from mean position 
total excursitm of COP in AP and latoal planes 
votical face  fluctuations

Ring et al (1988) 27 "recent fidlas” (65-86years); 15 
"remote fallers” (65-82years); 20 "ncm 
fallers”(65-79years)

max anq)htude of AP sway
total distance of COP in AP direction (AP sway)
logarithm of AP sway.

Rode et al (1997) 15 healthy subjects (28-72years); 30 
hemipl%ic subjects (21-70years)

total sway area
mean COP position in AP plane 
mean COP in ML plane

Samson and Crowe 
(1996)

"about 30” heahhy subjects (20-60years) mean excursion of COP

Seliktar et al (1978) 21 healthy subjects; 18 honiplegic 
subjects; 27 head-iryured subjects.

frequoicies identified-I) "tremor”, 1-8 cycles p a  sec, 2) 
"ataxia”, 0.1-1 cps, 3) "sway”, 0.03-0.0025 cps. 
co-ordinates of vatical forces, and COP of eadi fool 
Fl/F2jOTPa/Fu

Shumway-Cook et al 
(1988)

16 hemiplegic subjects (66±6years); 34 
healthy subjects

lateral displacement 
total sway area.

Thomas and Whitney 
(1959)

10 heahhy m ai (19-20 years) mean amplitude of COP in AP plane

Titianova and Taikka 
(1995)

20 hemiplegic subjects (33-77years); 20 
healthy subjects (29-67years)

mean displacement of COP in AP and ML planes.

Winstein et al (1989) 42 hemiplegic subjects mean COP position

Table 3.10: Outcome measures used in studies measuring COP movement
during stance.
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STUDY fe^
position

arm
position

shoes on / off time frequency number of 
repetitions

Black et al (1982) S t j off 15s 5Hz 2
Bullock-Saxton ^  al (1991) y ns ns 60s ns 1
Ekdahl etal (1989) 30s lOHz 1
Gauthier Gagnon et al (1986) 3 h ns 15s 20Hz 1
Goldie et al (1989) a w t ns ns 32s 40Hz 1
Hamman et al (1992) ns ns ns 20s 20Hz 1
Je(mg(1991) s h ns 20s 25Hz
Kiikby et al (1987) as ns off 20s lOOHz 1
LaPieretal (1997) r h off 20s 20Hz 1
Lehmann et al (1990) s a t ns ns 22s 50Hz 2
Lidienstein et al (1990) c ns ns up to 10s 50Hz 2-4
Lucy and Hayes (1985) ns ns ns 20s ns 1
Mechling (1986) ns ns ns n/a n/a n/a
Mûrahi et al (1989) a ns on 60s, mid 40s 

used for 
analysis

ns 2

Murray al (1975) ns ns ns 60s ns 2
Ring et al (1988) ns ns ns 16s ns 1
Samson and Crowe (1996) S t j h ns 60s 25Hz 5-10
Seliktar al (1978) c ns ns ns ns ns
Shumway-Cook et al (1988) a ns ns 30s 33Hz 2
Thomas and Whitney (1959) ns ns ns 4min 2
Titianova and Taikka (1995) a ns ns 51.2s 40Hz 3
Wade etal (1997) a w t h off 10s lOOHz 3
Winstein et al (1989) c ns ns 30s lOHz 1

Table 3.11: Subject position and testing protocol for studies of standing balance 
using measurement of COP movement
feet position: c = comfortable stance; a = feet apart, but in standardised position; s = feet togdher, with no qace betweei; t = 

tandem stance (rare fo a  immediately in front of other); w = step stance (me foot steR)ed forward as if to walk); r = feet positim 

relative to sutject's height

arm positim: h = arms hanging freely by side; J = Jmdassic maimeuvre (fingos clasped togedier at diest height, arms pulling 

against each other maximally; a position aimed at stabilising tq^)er body movement).

«  = not stated, n/a = not a^^licable.

The validity of the different outcome measures as assessors of balance remains 

unknown, and many authors fail to provide evidence pertaining to the choice of 

outcome measure. Black et al (1982) stated that the mean squared value of the 

displacement of the COP was selected as this was proportional to energy expenditure, 

If the reported measure is representative of energy expenditure (and the failure of the 

authors to provide evidence of the relationship between energy expenditure and the 

mean square value challenges the validity of this assumption) it is questionable 

\\frether the measure is also refleetive of standing balanee. Hamman et al (1992) 

investigated the effect of dynamic balance training exercises on the area of sway in 

quiet stance, and concluded that there was no relationship between balance during 

static and dynamic stance. This opposes the common assumption that measures of
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postural sway during quiet stance are reflective of a more general ability to balance. 

However, it could be argued that had the authors examined parameters other than the 

area of sway the outcome might have been different. In addition, the authors failed to 

consider that the lack of change in the measured outcome might have occurred due to 

the failure of the training programme to have a training effect.

Ekdahl et al (1989) recorded a number of different COP measures and a number of 

functional tests, with 152 healthy subjects. The results demonstrated a high 

correlation between the COP measures and the functional tests. However, although 

the authors investigated the test-retest reliability of the COP measurements, the intra- 

rater and inter-rater reliability and issue of blindness for the other measures were not 

addressed In contrast, Titianova and Tarkka (1995) found that there was no 

relationship between measures of gait velocity and measures of COP in stance. 

Lichenstein et al (1990) investigated the relationship between COP measures of 

standing balance and the clinical mobility index (Tinetti, 1986), which includes a 

scored scale of balance and gait, in 43 healthy elderly females (over 65years). 

“Modest” correlations were found between the COP measures and the mobility index 

scores and the authors suggested that the two techniques might be assessing different 

components of balance. Lichenstein et al (1990) hypothesised that there may be no 

relationship between the static tests of standing balance and the “performance based”, 

or dynamic, assessment of the mobility index. Winstein et al (1989) investigated 

measures of standing balance and gait performance in subjects with hemiplegia, and 

found that the mean COP position in stance was not related to temporal measures of 

gait performance and vertical force measures of cane support during gait. These 

studies highlight that the validily of GOP measures in the assessment of balance is not 

known.

The validity of magnitude of sway as a measure of balance ability was challenged by 

Gauthier-Gagnon et al (1986). Gauthier-Gagnon et al (1986) recorded the mean 

position of the COP and the mean area of sway, using a standardised testing protocol, 

in a sample of 30 healthy subjects, and 11 unilateral below-knee amputees. The results 

demonstrated that the healthy subjects had a mean area of sway that was significantly 

larger than that of the amputees. A large intersubject variation (over 100% for healthy 

subjects; over 200% for amputees) reduces the conclusions which can be drawn fi*om
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these results. However these results do question the assumption that greater balance 

is identified by a decrease in the movement of the COP. One possible explanation, 

which is proposed by the authors, is that the decrease in the postural sway in subjects 

with amputations is related to the mechanical limitations of the prosthesis, rather than 

any direct change in ability to balance. However, in view of the decrease in 

proprioception due to the amputated limb, these findings are surprising.

A number of studies have investigated the test-retest reliability of COP measurements 

of standing balance. Using a variety of outcome measures, these studies have found 

that the variation in repeated tests from an individual is similar to the group variation 

(Black et al, 1982; Samson and Crowe, 1996). Samson and Crowe (1996) suggested 

that this variation means that repeated tests from an individual would be of limited 

use. However, although this conclusion would appear to be valid in the context of 

repeated tests from an individual, it could be argued that if the tests on the individual 

were assessed relative to a group of individuals, tests out of the group range would 

identify abnormal results.

Kirby et al (1987) identified that the use of different standing positions by different 

researchers made it difficult to draw conclusions pertaining to the nature of standing 

balance and postural sway. This identification led to a study aimed at investigating 

the effects of foot position on COP measurements. 5 men and 5 women were tested 

using a Kistler force plate, standing with 4 different mediolateral foot positions, 5 

different AP foot positions, and 5 different angles of the feet relative to each other. 

Kirby et al (1987) elected to investigate the total excursion of the COP in the AP and 

lateral directions during the 20 seconds of data collection, and the mean AP and 

lateral position of the COP expressed as a percentage of the distance from the midline 

of the right to the left foot, and from the heels to the toes. However the authors did 

recognise that there was no evidence for the selection of these parameters in 

preference to other COP measures, such as the shape of the COP path or the 

frequency of sway. The results demonstrated that there were significant differences 

between the outcome measures during different foot positions (p<0.05). It was found 

that increasing the mediolateral dimension of the BOS above a certain size did not 

effect the magnitude of the lateral sway; this challenges the assumption that 

mediolateral sway is a valid measure of abihty to balance. The results of this study
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have implication both for future research and for the interpretation and comparison of 

other studies. LaPier et al (1997) identified that postural sway was related to body 

height, and used a foot position relative to body height in order to eliminate the effect 

of differences in height.

McHroy and Maki (1997) highlighted that while several studies utilised standardised 

foot placement during balance testings the choice of standardised placement was often 

not consistent between studies and was generally arbitrarily selected Maki and 

McHroy proposed that a suitable standardised position may be the average position 

adopted by several subjects. Investigation led to the conclusion that there was a wide 

variation in the preferred foot placement of subjects, with statistically significant 

differences between young and elderly subjeets (p<0.001). This variation between 

subjects highlights the potential differences in balance ability that may occur as a 

consequence of different standing positions. The effects of different standing 

positions must be addressed in all studies of standing balance, regardless of the 

method of measurement

In addition to the different subject positions potentially affecting the measured 

outcome, and preventing comparison between studies, the accuracy, precision and 

reliability of the methods of standardising the position may be low in many studies. 

For example, Bullock-Saxton et al (1991) stated that the subjects were positioned on 

the force platform so that their COG fell through the centre point of the force 

platform. It is not explained how the COG was determined or how this procedure was 

carried out; the nature of postural sway, and the resultant movement of the COP and 

COG would make it difficult to do this with any degree of accuracy, precision or 

reliability. Furthermore, the accuracy, precision and reliability of measurement tools, 

and the methods of deriving the measured outcome from the measurement tools, are 

inadequately addressed or determined in many studies.

Jeong (1991) identified a further potential influence on measures of COP that has 

rarely been addressed in studies of human balance. Jeong (1991) assessed the effect 

of respiration rate on the sway distance of 10 healthy subjects, and found that changes 

in the respiration rate significantly effected postural sway (p<0.01). Further 

exploration is required to see whether the effects of natural differences in respiration
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rate could alter the results of studies of postural sway. The influence of respiration 

rate on postural sway potentially limits the reliability of studies using COP measures.

Several studies have demonstrated that parameters relating to COP measures during 

stance in hemiplegic subjects are significantly different fi’om healthy subjects. 

Seliktar et al (1978) took measurements fi*om 21 healthy subjects and 18 hemiplegic 

subjects, and concluded that the hemiplegic subjects demonstrated greater amplitude 

and frequency of sway than healthy subjects. This study did not take variables such 

as age and the case history of the subjects into account, which limited the conclusions 

that could be drawn. Mizrahi et al (1989) demonstrated that the mean amphtude of 

sway was significantly different in hemiplegic subjects and healthy subjects (p<0.01). 

The total sway activity (expression of vectorial summation of absolute horizontal 

forces on both legs) was significantly higher for the hemiplegic subjects than the 

healthy subjects. The results of this study are limited by the low number of subjects 

(only 6 healthy subjects, and 16 hemiplegic subjects) and the failure to adequately 

standardise the foot position during testing (“about 30cm” and a “slight angle” 

between the feet). However, the results of the study by Shumway-Cook et al (1988), 

using a larger sample of healthy subjects (16 hemiplegic subjects and 34 healthy 

subjects) concurs that COP measures are different in healthy and hemiplegic subjects,

Despite the popularity of the use of measures relating to the COP to assess standing 

balance, the validity of these measures has not been demonstrated. Winter (1995) 

identified that there was considerable confusion regarding the interpretation and 

analysis of measures of the COP. Newell et al (1993) suggested that it was common 

for researchers to assume that the variability in the mediolateral and anterior-posterior 

displacement of the COP was a valid measure of postural stability. However, detailed 

exploration of the variability of data relating to COP dimensions, from 12 healthy 

subjects and 24 subjects with dyskinesia, suggested that traditional COP measures 

may not be valid assessors of balance. Newell et al (1993) concluded that measures 

of the variability of the COP were “not a svfficient measure of stability”. Wade et al

(1997) assessed postural sway and functional ability in subjects with traumatic brain 

injury. This study concluded that there was no relationship between any measures of 

functional ability and measures of the COP. This challenges whether COP measures 

are related to functional ability in this patient group.
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In summary, although there have been many studies that have measured variables 

relating to the COP during stance the validity of these measures as assessors of 

standing balance has not been demonstrated The use of different variables and 

diffèrent testing protocols limits the ability to draw conclusions from these studies. 

Further research into the nature of different variables of the COP should be carried out 

before measures of the COP are used in the assessment of standing balance.

3.2.7 Measurement of COP during weight-shifting in stance

A number of studies have taken measurements of weight shifting activities in an 

attempt to quantify balance in stance. Table 3.12 hsts some of the key studies.
STUDY SAMPLE WEIGHT SHIFT OUCOME MEASURE
Dettmannet
al(1987)

15 tœmiplegic subjects 
(46-87years)

maximum forwards, badcwards, 
left and right lean, sustained for 
15s

pocentage of BOS over \^hich COP 
moved during weight shifting

Di Fabio and
Badke
(1990)

5 healthy subjects 
(52±17years); 6 
hemiplegic subjects 
(59±18years)

maximum forwards, backwards, 
left and right lean, repeated 5 
times. Shifting weight as rapidly 
as possible to target at 50% of 
maximum forwards, backwards, 
left and right lean

density of sway data points aromd the 
geometric centre of fee sway path, 
during shifting to 50% of maximum 
lean.
Intensity of body swfy wife respect to 
frequency of motion

Goldie et al 
(1996)

20 healthy subjects 
(51.6±18.4years); 20 
hemiplegic subjects 
(50.7±18.5years)

maximum forwards, backwards, 
left and right lean, sustained for 
5s

mean position of COP during 
fowards, backwards, left and right 
lean, with refaence to limits of BOS

Hayasbietal
(1988)

10 healthy men (21- 
3 lyears)

maximum forwards and 
backwards lean, whilst standing 
m “forward bent position”

maximum displacement of COP in AP 
plane

King etal 
(1994)

113 healthy subjects 
(20-91years)

maximum forwards and 
backwards lean, sustained f a  8s

AP distance betweoi mean COP 
positions in leaning

Liston and
Brouwer
(1996)

20 hemiplegic subjects 
(64.0±8.5years)

randomly to highlighted targds, 
using conqiuterised COP 
feedback. Targets at 75% of 
limits of stability.

average time and sway path

Murray etal 
(1975)

8 healthy men in each 
of 3rd, 5 6  & 7th 
decades

maximum sustained forwards, 
badcwards, left and right lean

distances bdween sustained positions 
as pocentage of AP and ML 
dimensions of BOS

Riachand
Staikes
(1993)

70 healthy childrm (4- 
14years); 17 healthy 
adults (18-27years)

maximum forwards and 
badcwards lean, sustained for 2- 
3s

distances between sustained positiois 
as percentage of AP and ML 
dimaisions of BOS

Table 3.12: Outcome measures used in studies measuring weight shifting during 
stance.

In order to measure the movement of the COP during weight shifting activities it is 

necessary to use force plates that are capable of continuous measurement of the COP 

position. Murray et al (1975) first introduced the measurement of weight shifting 

during the assessment of the standing balance of healthy men. Many of the later 

studies of weight shifting also incorporated a measurement of the COP during quiet
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stance (Dettmann et al, 1987; King et al, 1994; Goldie et al, 1996). The points 

discussed relating to the precision, accuracy and reliabihty of the measurement 

systetQS used in the assessment of movement of the COP in quiet stance (section 

3.2.6) have the same implications for the studies of weight shifting. The calibration 

of the measurement systems is inadequately addressed in many of these studies. The 

majority of the studies of weight shifting use similar methodologies. Murray et al, 

1975; Dettmann et al, 1987; and Goldie et al, 1996 all assessed the maximum 

sustained weight shifting in the forwards, backwards, left and right directions. 

Hayashi et al, 1988; Riach and Starkes, 1993; and King et al, 1994 all measured the 

maximum weight shifting in the forwards and backwards directions, but omitted to 

assess the shifting in the left and right directions.

The use of the maximum amount of weight shifting could potentially introduce errors 

into these studies. Achievement of a maximum amount of weight shifting will be 

related to the subjectivity of the perceptions of the maximum by each individual 

subject. King et al (1994) got each subject to practice weight shifting, without 

bending the hips or knees and keeping the arms at the sides, until they were observed 

to be performing the task “correctly”. The subjectivity of the assessment of “correct” 

is not addressed. Riach and Starkes (1993) asked the subjects to sway as far as 
possible, without placing any restrictions on the movement. Goldie et al (1996) 

asked the subjects to lean forwards and backwards from the ankles; but requested 

subjects to “shift the hips and shoulders to the left and right” in order to stimulate 

lateral weight shifting. It is perceivable that different subjects could interpret these 

commands in different ways. Goldie et al (1996) did not state whether any form of 

correction was given to subjects if they moved in a way other than the tester 

anticipated. Liston and Brouwer (1996) asked subjects to achieve 75% of their 

maximal weight shifting, using a computerised feedback system to provide subjects 

with information pertaining to the movement required and the position of the COP. 

This system had the advantage that the errors between the executed and the intended 

movement could be determined in addition to variables pertaining to the COP 

movement. Hayashi et al (1988) attempted to ensure that all the sway occurred at the 

ankles, by getting the subjects to stand with the hips bent and the knees locked in 

extension. The use of this position meant that Hayashi et al (1988) assessed a different 

function than other studies, and the results of this study caimot be compared with
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other studies. Hayashi et al (1988) did not address issues relating to the differences in 

balance control which might have occurred as a result of this position, which would 

cause the COG to move anteriorly.

The majority of these studies report outcome measures relating to the distance that the 

COP moves in the AP or lateral plane during the weight shifting activity. A number 

of studies report this as a distance of movement (e.g. Hayashi et al, 1988; King et al, 

1994; Goldie et al, 1996). Since ability of an object to balance is related to the size of 

the base of support, even if the studies use a standardised foot position, the size of 

subjects’ feet will alter the base of support and this could potentially influence the 

weight shifting measurements. A number of studies have taken the size of the BOS 

into account, and have expressed the position of the COP during weight shifting as a 

percentage of the BOS (Murray et al, 1975; Dettmann et al, 1987; Riach and Starkes,

1993). Mechanical definitions of balance demonstrate that abihty to maintain balance 

is related to the height of the COG, in addition to the size of the BOS. No pubhshed 

studies investigating weight shifting appear to have identified the influence of height, 

weight, or position of the COG on weight shifting ability.

Studies comparing tiie weight-shifting ability of healthy subjects mid subjects with 

hemiplegia have demonstrated that hemiplegic subjects are less able than healthy 

subjects to displace their COP within the BOS (Murray et al, 1975; Goldie et al, 

1986). In addition, hemiplegic subjects demonstrate significantly more weight 

shifting to the unaffected side than to the affected side (Goldie et al, 1986). Dettmann 

et al (1987) found that the weight distribution during quiet stance by 15 male 

hemiplegic subjects correlated significantly with the position of the COP during 

lateral weight shifting. Dettmann et al (1987) reported a number of correlations 

between measures of weight shifting and temporal measures of walking performance, 

and between balance measures and the functional scores. The validity of the weight- 

shifting as an assessor of balance is further supported by Liston and Breuwer (1996) 

who assessed the balance ability of 20 hemiplegic subjects. The authors reported 

significant relationships between variables related to the abihty to weight shift and a 

subjective balance assessment (Berg Balance scaleXfor path sway, r = -0.61, 

p<0.005), and between variables related to the ability to weight shift and measures of 

gait velocity (for path sway, r = -0.67, p<0.002). Although the low number of
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subjects in these studies restrict the power of the reported results, these studies 

support the hypothesis that measurements of weight distribution and weight shifting 

are correlated with each other, and that functional abihty in hemiplegic subjects is 

related to measures of weight shifting and weight distribution.

In comparison to the number of studies reporting the movement of the COP during 

quiet stance, which use similar measurement systems to the measurement of weight 

shifting, there are relatively few studies of weight shifting. The subjective nature of 

the commands given to subjects in the study of weight shifting is a potential source of 

error. The mechanical nature of the weight shifting procedure necessitates 

simultaneous investigation of the effect of the size of the BOS, the height, weight, and 

position of the COG of the subjects. However initial experiments demonstrate that 

the measurement of weight shifting may be a valid assessment of standing balance, 

which correlates with functional abihty. Further research is necessary to investigate 

these hypotheses.

3.2.8 Measurement of weight distribution in stance

Following the work by Murray and Peterson (1973), which first reported a 

measurement of weight distribution in stance, a number of studies have been carried 

out which use a variety of different measurement tools to obtain outcomes pertaining 

to weight distribution between the legs during quiet stance. Table 3.13 lists the 

measurement tools and outcome measures in some of the key studies of weight 

distribution and standing balance.

Murray and Peterson (1973) used a measurement system comprising of a platform in 

which 2 strain gauges, from commercially available bathroom scales, were mounted. 

The results could be continuously measured using a polygraph. The weight 

distribution of 40 healthy male subjects (20-60 years) was measured, during 4 one- 

minute test periods. Murray and Peterson (1973) reported the difference in weight 

distribution between the legs in kilograms. The use of kilograms as the unit of 

outcome limits the usefulness of these results due to the differences in body weight 

between the subjects. The study by Bohannon and Waldron (1991) which used 2 

digital scales to measure distribution of weight in stance of 20 hemiplegic subjects
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(63.2±10. lyears) was also limited by the use of weight bearing in kilograms as the 

outcome measure.
STUDY SAMPLE MEASUREMENT TOOL OUTCOME MEASURE
Bohannon and 
Laikin(198S)

25 hemiplegic 
subjects (14-87years)

2 digital scales pocentage weight bearing

Bohannon and 
Tinti-Wald(1991)

14 healthy subjects 
(48-84years); 14 
hem ipl^c subjects 
(30"84years)

2 digital scales percentage weight bearing

Bohannon and 
Waldron (1991)

20 hemiplegic 
subjects
(63.2±10. lyears)

2 digital scales distribution of body mass (kg)

Bohannon etal 
(1989)

61 healthy subjects 
(43.6±18.0years)

2 digital scales percentage weight bearing

Caldwell etal 
(1986)

10 healthy females 
(19-25years); 10 
hWthy females (61- 
83years); 10 
hemiplegic subjects 
(47-70years)

2 digital scales percentage weight bearing 
weight on right /  weight on left; 
or weight on unaffected side / 
weight on affected side

De W eadt et al 
(1989)

2 hemiplegic subjects NBP BC = proportion of weight on left 
leg (1 ^  / total).
SC - standard deviation of w e i^  
distribution.

Dettmann^al
(1987)

15 hemiplegic 
subjects (46-87years)

Force platform percentage weight bearing

Dickstein ^  al 
(1984)

11 healthy subjects 
(average 70years); 23 
hemiplegic subjects 
(average 71years)

'Toot-Print” (measures foot 
ground pressure)

weight on left / weight on right

Gruoidel (1992) 29 hemiplegic 
subjects (26-88years)

2 mechanical scales avaage weight bearing = (max 
WB + min WB) / 2, ejq)ressed as 
percentage of total body weight.

Ifodiennan et al 
G984)

24 hemiplegic subs “Foot-Print” (measures foot 
ground pressure)

weight on r i ^  /  weight on left

Murray and 
Peterson (1973)

40 healthy males (20- 
60years)

2 force transducers from 
bathroom scales, mounted on to 
platform surface

mean diffaoice in distribution of 
mass between legs (kg)

Sackley (1990) 90 hemiplegic 
subjects (21-88 
years)

NBP BC = prcportion of weight on left 
leg(l^/t<rtal).
SC - standard deviation of weight 
distribution.

Sackley (1991) 92 hemiplegic 
subjects (21-87 
years)

NBP BC = proportion of weight on left 
leg ( 1 ^ / total).
SC - standard deviation of weight 
distribution.

Sackley and Lincoln 
(1991)

403 healthy subjects 
(18-87years)

NBP BC = propotion of weight on left 
leg (left/total).
SC - standard deviation of weight 
distribution.

Wu etal (1996) 3 hemiplegic subjects “Balance Master” percentage weight bearing

Table 3.13: Measurement systems and outcome measures used in studies 
measuring weight distribution during stance.

The use of 2 digital scales to record the distribution of weight between the legs has 

become a popular methodology, supported by the ease of use, the portability and the 

lack of expense of such a measurement tool. The percentage of weight distributed on
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either leg has become a frequently reported outcome measure. This has the advantage 

of allowing comparison between subjects of different body weight, and between 

different studies. However the use of digital bathroom scales also has a number of 

disadvantages. Unlike the initial study by Murray and Peterson (1973) in Wiich the 

force transducers from the scales were removed and mounted within a specially 

designed platform, other studies have used the bathroom scales in their commercial 

form, asking subjects to place one foot on either scale (Bohannon and Larkin, 1985; 

Caldwell et al, 1986; Bohannon et al, 1989; Bohannon and Tinti-Wald, 1991). This 

places restrictions on the foot placement of the subjects and, although none of these 

studies identified the distance between the feet during measurement, this could 

potentially result in the use of a wider base of support than might be used in normal 

conditions. Another problem relating to the use of commercially available bathroom 

scales is the accuracy and precision with which they are calibrated. Many of the 

authors using this measurement tool stated that the scales used were calibrated prior to 

use, but the method for carrying out such a procedure was not explicit (Caldwell et al, 

1986; Bohannon et al, 1989; Bohaimon and Tinti-Wald, 1991) or the validity of the 

method of calibration was doubtful (Bohannon and Larkin, 1985). Bohaimon and 

Waldron (1991) identified that the use of bathroom scales in previous studies had not 

been accompanied by the verification of accinacy and reliability of measurements 

using scales. Bohannon and Waldron (1991) attempted to address these issues, using 

a study of the weight distribution of 20 hemiplegic subjects. The problem with the 

methodology adopted by Bohannon and Waldron (1991) is that repeated 

measurements on subjects were used to address the accuracy and reliabihty of the 

measurement tool. This is not a measure of the rehability of the tool, but is a measure 

of the intra-subject reliabihty. It is necessary to use dead weights to identify the 

accuracy and the reliability of such a measurement system.

A further limitation of the use of unadapted bathroom scales is that they are only 

designed for instantaneous readings, and have to be taken by the tester through 

observation of the digital dial. CaldweU et al (1986) reported results in which the 

weight distribution on the two legs did not add up to 100%, due to the fact that the 

readings from the scales under the left and right feet were not taken at the same 

instant and, as a result of postural sway, the weight distribution was not the same 

during any two readings. Gruendel (1992) used a methodology for which the
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reliability and validity must be disputed. Subjects stood with one leg on each of 2 

mechanical scales, for which no calibration procedure was discussed. The tester 

observed one of the mechanical dials over a period of one minute, and recorded the 

maximum and minimum values over this time. The “average weight bearing” was 

defined and calculated as the (maximum weight bearipg + minimum weight bearing) /

2. This is not a statistically valid definition, and the conclusions of this study are 

consequently erroneous.

A number of studies have attempted to avoid the limitations associated with the used 

of digital scales, and have adopted the use of more sophisticated systems with two 

vertical force plates which do not restrict foot placement, and which are able to record 

continuous data. Dettmann et al (1987) used a specially designed force plate system 

to determine the percentage weight bearing through the legs of 15 male hemiplegic 

subjects. A computer system was used to sample, at 20Hz, the force distribution 

between the two legs during 30s stance. The force through the affected leg was found 

to be 36.1±14.6% of body weight. The force through the affected leg was found to 

correlate positively with parameters of walking performance: stride length (r=0.56), 

affected side step length (r=0.56), and swing ratio (r=0.67). This study demonstrated 

the potential for using measures of weight distribution as a determinant of outcome in 

subjects with hemiplegia; although larger scale studies would be necessary to confirm 

the findings by Dettmann et al (1987).

Wu et al (1996) used the “Balance Master”, which is a commercially available clinical 

system designed for the training and assessment of standing balance. Wu et al (1996) 

carried out an intervention study, using an ABAB design, to assess a series of balance 

exercises on 3 hemiplegic subjects. The low number of subjects, and the use of the 

Balance Master for both the training and the assessment of the subjects limits the 

results of this study. De Weerdt et al (1989), Sackley (1990, 1991) and Sackley and 

Lincoln (1991) all used another specially designed clinically orientated system, called 

the Nottingham Balance Platform (NBP). The outcome measure in all of these studies 

consisted of 2 variables that were computed by the measurement system. The 

“Balance Coefficient” (BC) was defined as the proportion of weight on the left leg 

(weight on left / total weight). The “Sway Coefficient” (SC) was defined as the

55



standard deviation of the weight distribution. Although the BC can be observed to be 

a valid representation of weight distribution between the legs (with 0 representing all 

the weight on the right, 0.5 representing equal weight distribution, and 1 representing 

all the weight on the left), the validity of using the SC, which is derived from the 

variations in measurements of vertical force, must be challenged. The SC provides a 

measure of variations in vertical force, but this caimot be assumed to correlate with 

the movement of the COP >̂ 4iich occurs with postural sway. The term “sway 

coefficient” may therefore be misleading.

Hocherman et al (1984) and Dickstein et al (1984) both used the ‘Toot Print” system, 

which measures the pressure under the feet, in order to determine the weight 

distribution between feet. Hocherman et al (1984) used this system as a measure of 

outcome in a study of platform training with subjects with hemiplegia (n=24). 

Dickstein et al (1984) reported the weight bearing characteristics of 23 subjects with 

hemiplegia, which were determined rising the Foot Print system. Although not stated, 

the results reported in these two studies suggest that the same sample and data were 

used for both studies. The Foot Print system takes an instantaneous reading of 

pressure, and produces a picture of the pressure distribution under the feet. Dickstein 

et al (1984) stated tiiat the picture was photographed and then processed with a 

microcomputer to derive the weight distribution between the feet. Hocherman et al 

(1984) failed to discuss issues relating to the derivation of weight distribution from 

the picture of pressure distribution. Dickstein et al (1984) used the equation (weight 

on left / weight on right)(L/R), and Hocherman et al (1984) used the opposite (weight 

on right / weight on left)(R/L), an outcome measure. Durward and Rowe (1991) 

identified problems with a number of the formulae used in the literature to derive 

indices of symmetry of weight distribution. The use of L/R and R/L does not produce 

a linear response. This formula results in an index ranging from 0 to infinity, with 0.5 

as the “mid” point (Durward and Rowe, 1991). Durward and Rowe (1991) stressed 

the importance of selecting an index of symmetry that is appropriate to the 

measurement.

As in the case of using digital scales, the majority of researchers have used the more 

sophisticated measurement systems, such as the NBP and the Foot Print, without 

addressing issues relating to calibration. De Weerdt et al (1989), Sackley (1990,
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1991) and Sackley and Lincoln (1991) all failed to discuss the accuracy and precision 

of the NBP; Hocherman et al (1984) and Dickstein et al (1984) did not address either 

the calibration of the Foot Print system, or the reliabihty of the method of determining 

the weight distribution from the pressure output. This limits the value of the results 

from any of these studies. It is vital that any future studies using measurements of 

weight distribution first thoroughly investigate the accuracy, precision and reliabihty 

of the proposed measurement tool. Similarly to the measurements of postural sway, 

the value of the results of the measurement of weight distribution are further 

compromised by the use of different positions of stance, or by the failure to state the 

standing position.

Despite the differences in the methodologies of the studies of weight distribution 

during stance, the results from different studies often support similar hypotheses. 

Sackley and Lincoln (1991) used the NBP to record normative values from a large 

sample (n = 403) of healthy subjects (18-87 years). The mean BC for the group was

0.517(±0.051), with 95% confidence intervals of (0.417, 0.617). The largest 

difference in weight distribution between the legs was 12% for 95% of the sample, 

with the remaining 5% ranging between 13% and 22%. Caldwell et al (1986) 

recorded weight distribution of between 44.2% and 55.7% on either leg for 10 healthy 

females aged 19-25 years, and a weight distribution of between 42.1% and 57.0% on 

either leg for 10 healthy females aged 61-83 years. The data recorded by Caldwell et 

al (1986) indicated a slightly smaller difference in weight distribution between the 

legs than found by Sackley and Lincoln (1991). However, the differences were small 

and Sackley and Lincoln (1991) concluded that both studies supported the hypothesis 

fiiat healthy subjects have up to 12% difference in weight distribution between the 

legs during stance. Although Caldwell et al (1986) reported that the maximum range 

for the elderly group was slightly greater than that of the younger group, the authors 

concluded that age did not affect the difference in weight bearing between the legs. In 

contrast, Sackley and Lincoln (1991) determined correlation coefficients for the 

association between age and the symmetry of weight distribution in stance, reporting 

that there was a significant association (r = 0.17, p<0.001). However the correlation 

coefficient reported (r=0.17) indicates that the association between age and weight 

distribution was very low. Although studies using different outcome variables caimot
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be directly compared with these results, they do demonstrate that groups of healthy 

subjects have a mean weight distribution that is approximately synunetrical, and a 

difference in weight distribution between the legs of approximately 12%. Dickstein et 

al (1984) calculated weight on left / weight on right for 11 healthy subjects (mean age 

70 years), and concluded that the mean value was 1.09 with a range from 0.83 - 1.35. 

Rather than requesting subjects to stand upright, to look straight forwards, or using a 

similar non-specific command, as in the case of most studies of standing balance, 

Bohannon and Tinti-Wald (1991) asked subjects to attempt to take a specific amount 

of weight through one leg. When attempting a target of 50% of weight on each leg, 

the mean value for a sample of 14 healthy subjects (48-84 years) was 48.9%±4.3%, 

with a range from 38. l%-58.6%. These results appear to be similar to the results from 

studies using non-specific commands, suggesting that these results may not be related 
to the commands given.

A number of studies have taken measurements of weight distribution from samples of 

subjects with hemiplegia. Differences in the subjects, for example time since onset of 

stroke, severity of stroke, and treatment received, make comparison between studies 

difficult. However the studies are all in agreement in concluding that subjects with 

hemiplegia, on average, apply more weight to their unaffected side than to their 

affected side (Dickstein et al, 1984; Bohannon and Larkin, 1985; Caldwell et al, 1986; 

De Weerdt et al, 1989; Sackley, 1990, 1991; Wu et al, 1996). Sackley (1990) 

demonstrated correlations between symmetry of weight distribution in stance and 

motor function and activities of ADL; Sackley (1991) found a relationship between 

symmetry of weight distribution and length of hospital admission. Sackley (1990) 

found no relationship between weight distribution and the number of falls in 

hemiplegic patients.

3.2.9 Summary and conclusions

Many studies have attempted to measure aspects of standing balance. All of the 

identified methods of measurement of balance have been adopted in the assessment of 

standing balance. Problems with reliability, validity and sensitivity were found in 

studies using observation and scored tests. Timed tests of standing balance were 

limited in their usefulness, due to the lack of reliability, validity and distinctiveness of 

these tests. The measurement of muscle activity using EMG provided interesting
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results pertaining to variations in activity in specific muscles in response to a 

perturbation. However the use of EMG in the assessment of more global problems of 

standing balance may not be appropriate as balance responses were found to be 

specific to the methods of perturbation and the results fi-om single muscles cannot 

validly be generalised to provide an assessment of standing balance. Difficulties with 

the measurement procedures and with data analysis for EMG measurements and for 

the measurement of body parts restrict the ability of these methods of measurement to 

provide data that is accurate, precise and reliable.

Measurements of the COP during quiet stance and during weight shifting in stance 

have been popular. These studies have demonstrated that, during quiet stance, the 

variation in repeated measures firom an individual is similar to the variation among a 

group of individuals. COP measurements during both quiet stance and weight 

shifting activities have been taken from healthy subjects and subjects with hemiplegia. 

These studies have demonstrated that there are differences between the COP measures 

for healthy and hemiplegic subjects. However, comparison between the different 

studies is confounded by the failure to standardise the testing protocols and by the use 

of a variety of different parameters related to the COP. No studies have identified 

relationships between measures of the COP during quiet stance and measures of 

functional ability. It has been suggested that traditional outcome variables derived 

from the measurement of the COP are not valid reflectors of postural stability. The 

validity of using measures of the COP during quiet stance for the assessment of 

standing balance must, therefore, be challenged. Although there have been fewer 

studies of the COP during weight shifting than there have been during quiet stance, 

initial experiments have suggested that the measurement of the COP during weight 

shifting may correlate with functional ability. This indicates that the measurement of 

die COP during weight shifting might be a valid and appropriate method of assessing 

standing balance. Further research is required to investigate this hypothesis.

A number of studies have taken measurements of weight distribution between the legs 

during stance. This has been a popular method of measurement with subjects with 

hemiplegia. Several studies have found that there were relationships between the 

symmetry of weight distribution in standing and measures of functional ability, in 

patients with hemiplegia. These studies indicate that weight distribution may be an
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appropriate measurement of ability to stand. Despite it’s apparent appropriateness, 

the validity of weight distribution as a measure of standing balance has not been 

addressed. Many of the studies reviewed used measurement systems which had not 

been calibrated, or for which the cahbration had not been assessed. Any future 

studies using measurements of weight distribution in standing should include 

extensive checks of the calibration of the measurement system. The validity of some 

results is questionable due to the index of symmetry used as an outcome measure. 

Future studies should use indices of symmetry that can be demonstrated to be 

appropriate to the measurement.

3,3 Balance and reaching

3.3.1 Introduction

Reaching is a universal activity, essential to daily living. Reaching is principally a 

movement of the upper limb, and many studies have investigated the control of 

reaching with reference to two phases - 1) the transport phase and 2) the grasp phase 

(van Vliet, in press). Variables which have been reported in the investigation of 

reaching primarily include measurements of the movement time and velocity and 

EMG recordings from major muscle groups (e.g. Moore and Brunt, 1991; Moore et al, 

1992; Jeannerod, 1994; van Vliet, 1995a; Dean and Shepherd, 1997). These 

measurements have led to the identification of anticipatory muscle, or postural, 

adjustments (Frank and Earl, 1990; Moore and Brunt, 1991; Moore et al, 1992), 

which occur prior to the movement of the reaching limb.

Many studies of reaching have investigated the execution of rapid reaching tasks, 

where subjects have been requested to reach to a target as fast as possible (e.g. Moore 

and Brunt, 1991; Moore et al, 1992; Trombly, 1993; Crosbie et al, 1995; Dean and 

Shepherd, 1997). However a number of studies have also explored reaching to the 

limits of stability, as an assessor of balance in sitting and standing (Duncan et al, 

1990b). Neurological damage frequently results in a loss of control of the upper limb; 

many studies with neurologically damaged populations have explored reaching with 

respect to the affected upper limb; however a few studies have identified the
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importance of trunk activity for balance during reaching and have investigated 

reaching with the unaffected arm.

The following sections will review

a) Studies of reaching and anticipatory postural adjustments;

b) Studies of reaching and sitting balance;

c) Studies of reaching and standing balance;

d) Studies of the reaching ability of hemiplegic subjects.

3.3.2 Studies of reaching and anticipatory postural adjustments

Many studies of anticipatory postural adjustments have used arm movements other 

than those associated with reaching to measure the responses of different muscle 

groups. These studies support the hypothesis that anticipatory adjustments occur to 

ensure that the subject remains in a balanced position during the application of 

dynamic forces (Friedli et al, 1984, 1988; Horak et al, 1984; Bouisset and Zattara, 

1987; Vemazza et al, 1997). Friedli et al (1988) measured the movement of the COP 

before and during rapid elbow movement in stance and concluded that the postural 

muscles acted to maintain the COP within 8cm of the resting position of the COP 

during die movement; this was a smaller movement than would have occurred without 

the postural adjustments (Friedli et al, 1988). Vemazza et al (1997) compared the 

actual displacement of the COG (found using a motion analysis system) with the 

theoretical displacement of the COG (based on biomechanical modelling) during arm 

raising by healtiiy subjects. The authors found that the actual displacement of the 

COG was less than the theoretical displacement. This led to the hypothesis that 

during arm raising there were postural adjustments that acted to rninmiise the 

displacement of the COG (Vemazza et al, 1997).

Studies of anticipatory postural adjustments during reaching from sitting have 

demonstrated that trunk movement occurs in the direction opposite to the arm 

acceleration (Moore and Brunt, 1991; Moore et al, 1992). These results question 

whether the postural adjustments are related to the maintenance of balance during the 

destabilising movement of the arm, or whether they are directly related to the reaching 

movement. Mechanical laws dictate that, in response to the initial shoulder to arm 

force causing acceleration of the arm, there will be an equal and opposite arm to
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shoulder force. This equal and opposite force may cause trunk acceleration in the 

opposite direction, or may be transmitted to the support surface, or a combination of 

both of these. Moore and Brunt (1991) observed trunk movement in the opposite 

direction to the arm acceleration; it could, therefore, be hypothesised that this was the 

result of the equal and opposite force on the trunk, resulting in trunk movement in the 

opposite direction to the arm acceleration. However, the outward movement of the 

arm will alter the position of the subject’s COM An alternative explanation for the 

movement of the trunk in the opposite direction to the arm could consequently be that 

trunk movement occurred in an attempt to maintain the position of the COM within 

the BOS. The control of the COM with respect to the BOS is central to the 

maintenance of balance. While trunk movement as a direct result of the mechanical 

effects o f the arm acceleration would occur at the same time as the arm movement; 

control of the COM could theoretically occur as an anticipatory balance reaction. 

Moore and Brunt (1991) did not discuss the timing of the trunk movement relative to 

the initiation of arm movement. Moore et al (1992) did not identify clear evidence of 

anticipatory postural responses, and were thus unable to support the hypothesis that 

anticipatory movements occurred during reaching from a seated position.

Thus although there is evidence which has clearly identified the existence of 

anticipatory postural responses in order to maintain balance during dynamic arm 

movements in stance, the evidence supporting a similar response in sitting is not clear. 

However it can be demonstrated using the laws of mechanics that the motion of 

reaching out, from a sitting or a standing position, will result in a reaction force on the 

body, acting to move the COP in the opposite direction from the direction of arm 

movement. Reaching from sitting or standing therefore results in a challenge to 

balance. It is imperative that the COP remains within the BOS in order to maintain 

balance. In stance it has been demonstrated that muscle activation occurs prior to a 

reaching movement in order to control the position of the COP; the position of the 

COP is also controlled during reaching in sitting although it is not clear A ether this 

is an anticipatory response or not.

3.3.3 Studies of reaching and sitting balance

There are few studies that have investigated the effect of reaching out from a sitting 

position on balance. Studies that have been carried out have primarily investigated
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the influence of the lower limbs on sitting balance (e.g. Chari and Kirby, 1986; 

Crosbie et al, 1995; Dean and Shepherd, 1997). These studies demonstrated that the 

lower limbs do contribute to the ability of a subject to maintain balance during 

reaching forwards.

Chari and Kirby (1986) recorded data Miile healthy subjects reached to a maximum 

distance at angles of 0, 15, 30 and 45® to either side, using the hand on that side. The 

study results demonstrated that the distance of reach increased with angles fi’om 0® to 

45® (p<0.001) (Chari and Kirby, 1986). Crosbie et al (1995) asked healthy subjects to 

reach to specific distances to the front and at 45® to either side. The reasons for the 

selection of the specific distances were not explained, and opposed the earlier findings 

of Chari and Kirby (1986). It could be argued that the use of maximum reach is a 

more appropriate measurement of sitting balance than reaching to a specified distance, 

which may place restrictions on the subject Although both of these studies had low 

numbers of subjects and used different testing protocol, which limits the abihty to 

generalise the results, these studies highlight the potential for measurements of 

reaching in the investigation of sitting balance.

Dean and Shepherd (1997) carried out an intervention study to investigate the effect 

of hemiplegic patients carrying out a training program specifically aimed at obtaining 

the appropriate loading of the affected leg during reaching. 10 hemiplegic subjects 

(experimental group) carried out the training program, which “involved emphasis on 

appropriate loading of the affected leg while practising reaching tasks using the 

unaffected hand to grasp objects located beyond arm’s length.” 10 hemiplegic 

subjects (control group) carried out a training program involving cognitive 

manipulative tasks performed sitting at a table, using less than 50% of arm length as 

the maximum reach. Both training programs comprised of 10 sessions over 2 weeks. 

The maximum reaching distance, the duration of the reach, and the vertical GRF all 

improved in the experimental group, but not in the control group. The experimental 

group was also found to demonstrate an increase in the peak GRF through the affected 

limb during rising to stand: this finding suggests that ability to reach may be related to 

fimctional ability in other tasks. However, this study is limited by the apparent 

failure to keep the tester or the trainer bhnd to the study aims or results. It appears
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that the same person carried out the training programs and the testing. The training 

program involved systematic changes to the distance and direction of reach; the 

changes were controlled by the same person. This person gave verbal encouragement 

to the subjects; this encouragement was not controlled in any way. In addition one of 

the outcome measures was the time taken to perform the reaching task. Previous 

experiments (e.g. Horak et al, 1984) have hypothesised that more rapid movements 

are less precise than slower movements. The validity of duration of reach as an 

indicator of an improvement must therefore be challenged Thus, while this is the 

first reported study of reaching from sitting with subjects with hemiplegia, the 

methodology limits the value of the results. Further, well-controlled studies of 

reaching in subjects with hemiplegia are required

3.3.4 Studies of reaching and standing balance

Although a number of studies have investigated the abihty to maintain balance during 

rapid arm movements in stance, little research has investigated the effects of reaching 

the arm out at slower speeds (Wing et al, 1992). Wing et al (1992) investigated the 

effect of raising an arm up to 90® of abduction on the position of the COM. 203 

healthy subjects (16 79 years) stood in a standardised position on a pair of electronic 

weighing scales. Subjects raised their left arm, and a reading was taken from the 

scales; and then subjects repeated this with their right arm. All subjects were 

demonstrated the measurement system immediately prior to testing, and were shown 

their results immediately after each test. There was a significant difference between 

the weight shifting when lifting the left and the right arm (p<0.01); the authors 

suggested that this difference may be due to the knowledge of results after raising the 

left arm. Theoretical biomechanical analysis of the movement, based on average 

body weight and anthropometric measures, is a powerful tool for identifying the 

effects of compensatory balance reactions. The authors carried out biomechanical 

analysis and concluded that without compensatory action, the percentage change in 

weight distribution would be 6.2%. This experiment therefore demonstrated that 

compensatory reactions did occur. However the knowledge of the subjects pertaining 

to the study means that one cannot validly conclude whether the compensatory 

reactions were pre-programmed balance reactions, or cognitively-planned voluntary 

movements.
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Duncan et al (1990b) designed the “Functional Reach” test (FR) to assess standing 

balance. The authors defined FR as “the maximum distance one can reach forward 

beyond arm’s length, while maintaining a fixed BOS in the standing position”. 128 

healthy subjects were tested in this study. Two different tests were carried out; one in 

which COP movement was measured using a force plate and distance of FR was 

measured using an electronic measurement system, and one in which FR was 

measured using a metre stick. Subjects carried out 3 trials of each test. Statistical 

tests were carried out in order to investigate correlation between the COP measures, 

the electronic FR and the metre-stick FR. The authors concluded that the distance of 

functional reach correlates strongly with COP excursion measures (Pearson’s 

correlation coefficient ~ 0.71). The correlation between the electronic and the metre 

stick measurements of FR was 0.69. The authors concluded that this test of functional 

reach was “a new dynamic measure of postural control that is inexpensive, precise, 

stable, age-sensitive, and clinically accessible”. It was identified that the FR was not 

a direct measure of COP excursion, although the two variables were conceptually 

related. This study has highlighted the potential for using measurements of reaching 

as valid and reliable tests of ability to balance. This test measured reaching forwards 

with the arm at 90®; further research is necessary to investigate the correlation 

between COP excursion and reaching to different angles.

Fishman et al (1996) compared the Functional Reach test with measures of postural 

sway and symmetry of weight distribution during platform perturbation tests, in 20 

subjects with hemiplegia. The authors concluded that FR and symmetry of weight 

distribution in stance during platform perturbation appeared to be related (p<0.001), 

while FR and postural sway during platform perturbation were not related. A lack of 

provision of information pertaining to this study limits the abihty to draw firm 

conclusions; however, tiiese results h i ^ i ^ t  tiiat different outcome measures are not 

necessarily related and may measure different aspects of balance.

3.3.5 Studies of the reaching ability of hemiplegic subjects

A small number of studies have investigated the reaching ability of hemiplegic 

subjects without specific discussion of the relationship between reaching and balance. 

Some of these studies have addressed issues specifically related to problems with the 

affected arm (e.g. Wing et al, 1990); while other studies have investigated the ability
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to reach with either the affected or unaffected arm (eg. Trombly, 1993; van Vliet et al, 

1995a). Studies specific to the affected arm are investigating the control of the 

hemiplegic limb and are not therefore directly related to the study of balance.

Trombly (1993) carried out a study with the aim of identifying reaching improvement 

in hemiplegic patients over a period of time. However the methods of measurement 

(EMG and 3-D analysis of finger movement) and the derived outcome measures 

assessed the control over the reaching arm (both affected and unaffected limbs were 

tested) but did not allow the assessment of aspects related to balance. Van Vliet et al 

(1995a and 1995b) used a 2-D video analysis technique to derive variables of 

movement time, average velocity, peak velocity, and time at which peak velocity 

occurred (as percentage of movement time) in studies o f the reaching abihty of 

healthy and hemiplegic subjects. Although it could be argued that measures of time 

and velocity may provide information pertaining to the control of the movement, and 

hence the control of balance during reaching from sitting, this study does not address 

issues relating to balance.

As has been identified, trunk movement is integral to reaching from sitting (Moore 

and Brunt, 1991; Moore et al, 1992). Although not aimed at addressing issues 

relating to balance and reaching, a number of studies have assessed trunk muscle 

strength during sitting, in patients with hemiplegia. Bohannon et al (1995) measured 

the trunk flexion strength, in lateral and forward planes, of 20 hemiplegic patients 

and 20 control subjects. The authors concluded that patients with stroke exhibited 

impaired trunk muscle strength multidirectionally. Lateral flexion to the affected side 

was generally weaker than lateral flexion to the unaffected side, in patients with 

stroke, although this pattern was reversed in a number of subjects (Bohannon et al,

1995). Tanaka et al (1997) measured isokinetic trunk rotation strength in 65 patients 

with hemiplegia and 80 control subjects. As in the study by Bohannon et al (1995), 

the results showed that patients with stroke had lower motor performance than healthy 

subjects in both directions. However, in contrast to Bohannon et al (1995) who 

reported greater weakness during flexion to the affected side, Tanaka et al (1997) 

found no significant difference between rotation to the affected or unaffected side. 

Although these studies have not directly addressed balance and reaching, the
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multidirectional loss of trunk motor performance suggests that balance during 

reaching may also be impaired multidirectionally.

Thus, while studies of reaching with hemiplegic subjects could potentially provide 

valuable information pertaining to balance, no studies were found that directly 

addressed balance and reaching in hentiplegic subjects.

3.3.6 Summary and conclusions

Although there is a substantial amount of literature pertaining to reaching few studies 

address issues relating to balance. Studies of anticipatory postural adjustments have 

demonstrated that these occur prior to reaching movements in standing. Although 

postural adjustments have been observed to occur in response to reaching from a 

sitting position, the research is inconclusive as to whether the response occurs in 

anticipation of the reach. Studies of balance during reaching from a sitting position 

have largely concentrated on the influence of the lower limbs during reaching. 

Studies of balance during reaching from a standing position have primarily used other 

measures of balance (e.g. movement of the COP, Duncan et al, 1990b; weight 

distribution. Wing et al, 1992) in the investigation of reach. The study by Duncan et 

al (1990b) highlights that measures of functional reach in stance may be valid and 

reliable assessors of standing balance. Studies of reaching ability in hemiplegic 

subjects have tended to concentrate on temporal or displacement variables, without 

discussing the implications of balance on the reaching movement.

Although there is little literature available relating to balance during reaching, studies 

have demonstrated that reaching from sitting necessitates postural responses in the 

trunk and lower limbs. It can be argued that reaching from sitting is a method of 

producing a standardised methodology for weight-shifting during sitting. Thus it is 

hypothesised that tests of reaching result in assessments of weight-shifring, and that 

reaching may provide a valid method of assessing balance. Reviews of studies using 

measures of the COP during weight-shifting in sitting and standing have led to the 

conclusion that the validity of using variables related to the COP as the measure of 

outcome was unknown. However, methods of measurement other than the 

assessment of the COP may be appropriate. It is proposed that measurements of
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weight distribution during reaching out from sitting in the lateral direction may be 

suitable for the assessment of balance.

3.4 Balance and rising to stand and sitting down

3.4.1 Objective assessment of rising to stand and sitting down

The analysis of the frmctional activities of rising to stand and sitting down have had 

relatively little research (Kerr et al, 1997), unlike the extensive investigations which 

have been carried out into both healthy and pathological gait. Objective assessment of 

aspects of rising to stand and sitting down did not become prevalent until the 1970’s 

(Pai and Lee, 1994; Kerr et al, 1997). The research which has been carried out since 

the 1970’s has primarily concentrated on the analysis of the activity of rising to stand, 

and the data pertaining to sitting down remains scarce (Kerr et al, 1997). Studies 

which have explored the activity of sitting down include Yoshida et al (1983), Kralj et 

al (1990), Engardt and Olsson (1991a,b, 1992), Engardt et al (1993), burward (1994), 

Kerr et al (1994a,b, 1997) and Mourey et al (1998).

Kerr et al (1991, 1994b) have identified that the research which has been carried out 

into rising to stand and sitting down can be broadly classified into 4 main areas:-

1. Biomechanical investigations (kinetic studies), based on the analysis of force plate 

data;

2. Kinematic studies, based on the measurement of joint angles;

3. Investigations into muscle activity, based on EMG analysis;

4. General studies of the functional aspects of sitting.

Studies using kinetio data have primarily collected force data by means of one or two 

force plates positioned under the feet of the subject. Kinetic data pertaining to the 

forces applied through the arms during rising to stand has also been measured using 

force measuring sections under the hands (Alexander et al, 1989; Durward, 1994). 

Although some studies have placed additional force plates in the seat of the chair or 

under the legs of the chair (Pai and Rogers, 1990, 1991a,b; Pai and Lee, 1994; Pai et 

al, 1994a; Hanke et al, 1995), this data appears to have solely been used for the
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identification of the point where the subject leaves the seat (“seat-ofF’), and no studies 

have carried out further analysis of this data.

Measurement of joint angles has been collected using a number of different tools: 

these have included photography (Ellis et al, 1984; Stevens et al, 1989; Kralj et al, 

1990), cinematography (Kelley et al, 1976; Munton et al, 1984; Nuzik et al, 1986; 

Fleckenstein et al, 1988; Roebroeck et al, 1994) and videographing (Alexander et al, 

1989; Shepherd, 1991; Carr, 1992; Millington et al, 1992; Hughes et al, 1994; Hughes 

and Schenkman, 1996; Magnan et al, 1996; Crosbie et al, 1997). These tools have 

been used in combination with simple markers or LED’s placed on known anatomical 

points. Systems which can translate the motion recorded on video into computerised 

digits have been adopted in more recent studies (e.g. Ada and Westwood, 1992; Cair, 

1992; Millington et al, 1992; Magnan et al, 1996). More recently the use of 3-D 

computerised motion analysis systems have enhanced the investigation of rising to 

stand: the two most fi*equently used systems being the Selspot/TRACK system (e.g. 

Berger et al, 1989a,b; Rodosky et al, 1989; Riley et al, 1990, 1991; Schenkman et al, 

1990; Ikeda et al, 1991) and the WATSMART motion analysis system (e.g. Pai and 

Rogers, 1990, 1991a,b; Pai and Lee, 1994; Pai et àl, 1994a; Hanke et al, 1995). 

Information from the kinematic measurement tools has allowed the development of 

segmental models and mathematical formulae from which it is possible to derive 

information such as the velocity and momentum of the body and body parts, and the 

moments around specified joints. From this information further derivation can 

provide data pertaining to the kinetic aspects of the movement.
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Studies K inetic d a ta K inem atic d a ta E M G
Ada and Westwood (1992) videography
Alexander et al (1989) videography
Baer and Ashbum (1995) motion analysis system
Berger et al (1989a,b) motion analysis system
Carr (1992) X videography
Crosbie et al (1997) X videography
Durward (1994) X
Engardt and Olsson (1991a,b,1992) X
Engardt et al (1993) X
Fleckenstein et al (1988) cinematography
Hanke et al (1995) X motion analysis system
Hughes and Schenkman, (1996) X videography
Hughes et a l  (1994) videography
Ikeda et a l  (1991) motion analysis system
Kelley et al (1976) cinematography X
K e rre ta l(1 9 9 4 b , 1997) motion analysis system
Kotake et al (1993) motion analysis system
Kralj et al (1990) X photography
Lee et al (1997) X inclinometer fix knee 

joint angular 
displacement

X

Magnan et a l  (1996) X videography
Millington et al (1992) X videography X
Mourey et al (1998) motion analysis system
Munton et al (1984) cinematography
Nuzik et al, (1986) cinematography
Pai and Lee (1994) X motion analysis system
Pai and Rogers (1990. 1991a,b) X motion analysis system
Pai et al. (1994) X motion analysis system
Riley et a l  (1990) X motion analysis system
Rodosky et al (1989) X motion mialysis system
R o ^ rœ c k  et a l  (1994) X cinematography
Schenkman et al, (1990) X motion analysis system
Shepherd (1991) videography
Shepherd and Koh (1996) X videography
Shepherd et al (1997) X videography
Stevens et al (1989) X photography X
Vander Linden et al (1994) X motion analysis system X
Wheeler et al (1985) videography

electrogoniometry
X

Wretenberg et al (1993) X videography
Yoshida et al (1983) X X

Table 3.14: Methods of measurement adopted by studies of rising to stand.
(x = method used).

Table 3.14 lists some of the studies of rising to stand and the method of measurement. 

This table demonstrates that, while Kerr et al (1991, 1994b) are correct in the 

observation that studies may collect kinetic or kinematic data, the majority of studies 
carried out have used a combination of techniques.
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A number of studies have attempted to use objective assessments to identify 

parameters relating to aspects of balance during rising to stand and sitting down. 

These include investigations of the displacement of the centre of mass (COM) in 

relation to the base of support (BOS) (e.g. Pai and Rogers, 1990, 1991; Schultz et al, 

1992; Hughes et al, 1994; Pai and Lee, 1994; Pai et al, 1994; Hughes and Schenkman, 

1996; Magnan et alj 1996); and of the symmetry of weight distribution during rising 

to stand (Engardt and Olsson, 1991a,b, 1992; Engardt et al, 1993; Durward, 1994; 

Baer and Ashbum, 1995). Studies of rising to stand and sitting down have used a 

variety of methods in order to classify the movement cycle into phases. In order to 

review the studies relating to aspects of balance and rising to stand / sitting down it is 

imperative that the different methods of demarcating the movement into phases are 

first identified The following sections review the literature pertinent to the dhision 

of rising to stand and sitting down into a variety of different phases, and the literature 

exploring aspects of balance during rising to stand and sitting down.

3.4.2 Phases of rising to stand and sitting down

There is no one accepted method of classifying rising to stand and sitting down into 

phases. One of the most frequently used methodologies involves the movement of the 

COM. Kelley et al (1976) first illustrated, using analysis of displacement of body 

parts, that the movement of the COM comprised an initial horizontal displacement 

and subsequent vertical displacement. This finding was later confirmed by a number 

of studies, which used both kinetic and kinematic variables, rather than just angular 

data, to derive further data pertaining to the displaeement and velocity of the COM 

(Pai and Rogers, 1990; Riley et al, 1990; Schenkman et al, 1990; Roebroeck et al, 

1994; Hanke et al, 1995).

Pai and Rogers (1990) and Hanke et al (1995) divided the movement of rising to stand 

into distinguishable temporal phases by identifying the initial and final movement of 

the COM in the horizontal direction, and the time of the peak velocity of the COM in 

the horizontal and vertical directions. Rather than using the velocity of the COM, 

Schenkman et al (1990), Riley et al (1991) and Roebroeck et al (1994) divided tlie 

movement into phases based on the change in the momentum of the COM fi*om the 

horizontal to the vertical. The “momentum transfer” phase was defined as the phase
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in which the horizontal (flcmon) momentum was transferred into vertical (extension) 

momentum (Schenkman et al, 1990).

Despite the use of components related to the velocity and momentum of the COM the 

individual phases and method for determining the start and finish of each phase varied 

between the identified studies. It is generally accepted that the movement of rising to 

stand involves a horizontal and a vertical component, with a transition fi-om the 

forward lean to the extending phase (Pai and Rogers, 1990; Schenkman et al, 1990; 

Riley ct al, 1991; Kerr ct al, 1994b). However, the kinetic and kmematic events used 

to divide the movement into the forward lean and extending phases remain to be 

established. This lack of consensus in the terminology make comparison between 

different studies complicated (Baer and Ashbum, 1995). Although complex 

methodologies have been used to divide the movement into phases, some studies have 

dealt with the entire movement sequence without defining phases. Mourey et al 

(1998) and Engardt and Olsson (1991a,b, 1992) investigated both rising to stand and 

sitting down as one movement sequence.

Although many studies have used complex methods of determining phases of 

movement during rising to stand and sitting down; the studies which have only 

recorded kinetic data lack the ability to determine such complicated phases. Engardt 

and Olsson (1991a,b, 1992) compared the kinetic data fi’om standing up and sitting 

down, and did not attempt to further divide the movement into smaller phases. 

However, Durward (1994) recorded kinetic data, using four force plates under the feet 

and strain gauges measuring the forces through the arm rests, during rising to stand 

and sitting down and concluded that the duration of time taken to complete the initial 

forward flexion during rising to stand, and the final extension at the end of sitting 

down appeared to be irregular characteristics of the movement cycle. Durward (1994) 

suggested that the analysis of data pertaining to rising to stand and sitting down, 

which included data firom the initial forward flexion and final extension phases, could 

potentially introduce excessive variability into the results. Durward (1994) proposed 

that rising to stand and sitting down should each bo defined as comprising two distinot 

phases -  an initial flexion phase followed by the ascending phase, and a descending 

phase followed by a final extension phase. In order to avoid the introduction of the 

variability observed in the initial flexion and final extension phases, Durward (1994)
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excluded these phases from the data analysis. The measurement system used by 

Durward (1994) was unable to measure all the vertical forces through the chair during 

the periods when the body was in contact with the chair. This led to the classification 

of the ascending phase and descending phase as being those parts of the movement 

when the body was not in contact with the seat of the chair; using a switch on the seat 

of the chair allowed the easy identification of these phases. Durward (1994) argued 

that the use of complicated biomechanical data to divide the movement cycle into 

phases, such as used in other studies, was comphcated and unnecessary. The author 

proposed that the use of the seat-switch was a suitable and convenient method of 

dividing the movement into phases. While the method of dividing the movements of 

rising to stand and sitting down into phases proposed by Durward (1994) could be 

argued to be a simple and easily administered methodology, Durward (1994) 

recognised that the main limitation of the utihsed measurement system was the 

inabihty to measure all of the vertical forces passing through the chair. This inability 

prevented the assessment of factors relating to the initial flexion or final extension 

phases of the movement. Adapting the measurement system utilised by Durward 

(1994), to incorporate a method of measuring the vertical forces passing through the 

seat of the chair, could potentially provide a methodology for thorough exploration of 

kinetic data during the initial flexion, ascending, descending and final extension 

phases of rising to stand and sitting down.

In addition to the number of different methods of dividing rising to stand into phases, 

there have been variations in the definition of the start and end of the movement 

cycle. Table 3.15 identifies some of the methods defined to identify the start and end 

of rising to stand by different authors.
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Study Start of rising to stand End of movement
Baer and Ashbum (1995) jQrst discmiible body movement Shoulders move back to achieve 

upright position
Carr (1992) thighs off when horizmital velocity of h ^  

^.lOm/s.
Durward (1994) seat-off when investigator judged rising 

motion to be com ply
Fleckenstein et al (1988) whoi trunk starts to move fixwards whm subject comes to rest in standing 

position
Gioftsos and Grieve (1996) when t c ^  vertical force changed by > 

2.5% of its’ value during relaxed 
sitting

when total vertical force > 97.5% of 
its’ value during relaxed standing

Hanke et al (1995) when magnitude of horizontal 
momentum > 7% of peak value (Pai 
and RogCTS, 1990)

whm magnitude of horizontal 
momentum < 7% of peak value (Pai 
and Rogers, 1990)

Hughes and Schenkman (1996) light cue command to subject when COM reached maximum 
vertical positicm

Hughes et al (1994) light cue command to subject when COM reached maximum 
vertical positirm

Lee et al (1997) first instant of forward trunk flexion when knee an^e reached "stable, 
constant value” feu* 3 seconds

Magnan d: al (1996) first shoulder movement when COM reached maximum 
vertical position

Mourey et al (1998) when angular velocity of trunk 
forward flexicm > 10% of peak value

whm angular velocity of trunk 
backward r^nming < of 10% peak 
value

Pai and Lee (1994) when nmmentum of COM w  first 
segment of body exceeds 2 standard 
deviations of mean baseline (mean of 
1st 500ms of reading).

when momentum of COM decreases 
to less than 2 Standard deviations of 
mean baseline (mean of last 500ms of 
reading).

Pai and Rogos (1990) whai magnitude of hmizontal 
momentum > 7% of peak value

when magnitude of hwizontal 
momentum < 7% of peak value

Pai and Rogxs (1991a,b) when magnitude of hwizontal 
momentum > 7% of peak value

when magnitude of hmizontal 
momentum < 7% of peak value

Pai et al (1994) Wiai momentum of COM or first 
segment of body exceeds 2 standard 
deviations of mean baseline (mean of 
1st 500ms of reading).

when momentum of COM decreases 
to less than 2 standard deviations of 
mean baseline (mean of last 500ms of 
reading).

Table 3.15: Methods of identifymg the start and end of rising to stand.

Many studies fail to identify why the specific start and end points were identified, or 

the methodology with which the points were determined. The lack of ability to 

accurately define the start and end of rising to stand* or sitting down, and the variation 

in the methods used by researchers to identify these points, combined with the use of 

a variety of different phases, makes comparison of different studies impossible. The 

differences in the methods used are highlighted by exploration of the reported time 

taken by subjects during rising to stand and sitting down. For example, Durward 

(1994) reported a mean time to rise to stand of 0.98±0.27 seconds, which was 

considerably less than the weighted mean of 1.8 seconds derived from reviewed 

studies (Durward, 1994). However, Durward (1994) acknowledged that these results 

reflected the decision to include only the seat-off phase of rising to stand. Durward 

(1994) reported that there was considerable variation in the time taken for the flexion
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(seat-on) phase of rising to stand, stating times of 0.89±2.6 seconds. Mourey et al 

(1998) reported times to rise to stand of 1.31±0.11 seconds for young subjects and 

1.33±0.24 seconds for elderly subjects. Although less than the weighted mean 

derived by Durward (1994), the times reported by Mourey et al (1998) are comparable 

with those reported by Durward (1994).

Few studies have investigated sitting down; Durward (1994) reported a mean time of 

2.04±0.4 seconds, and attributed the difference between this value and the 2.5 seconds 

reported by Engardt and Olsson (1992) to variations in the testing procedures. 

Mourey et al (1998) reported times to sit down of 1.40±0.15 seconds for young 

subjects and 1.69+0.31 seconds for elderly subjects. These times are considerably less 

than those reported by Durward (1994) and Engardt and Olsson (1992). Mourey et al

(1998) failed to compare the time detennined in their study with values available in 

the literature. Several studies have reported the time taken by subjects with 

hemiplegia to rise to stand. These times vary from mean times of 3.49±1.64s and 

2.48±1.35s reported by Durward (1994) at different stages of rehabilitation, to a mean 

time of 1.67±0.27s (Baer and Ashbum, 1995). The times to sit down found by 

Durward (1994) were 3.69±1.0s and 3.50±0.79s for subjects with hemiplegia. The 

greater times taken by subjects with hemiplegia than by healthy subjects, and the 

greater time taken to sit down than rise to stand could potentially provide information 

relating to functional ability. However, at present comparison of the results from 

different studies is confounded by the lack of standardisation of the time phases 

recorded. Future studies of rising to stand and sitting down should attempt to define 

and use simple and informative phases with valid and rehable methods of identifying 

the start and end of each phase.

3.4.3 Balance during rising to stand

Rising to stand involves the transition from a relatively large base of support (BOS) in 

sitting, to a smaller base of support in standing (Hanke et al, 1995; Lee et al, 1997). It 

has been proposed that the necessity for this displacement of the centre of mass 

(COM) makes rising to stand a useful model for the study of human balance and 

movement control (Berger et al, 1989; Carr, 1992; Hanke et al, 1995; Mourey et al, 

1998). Studies of rising to stand have identified that the movement involves a vertical
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and a horizontal component (Pai and Rogers, 1990; Schenkman et al, 1990; 

Roebroeck et al, 1994). Pai and Rogers (1990) described the initial horizontal 

propulsion of the body in rising to stand as a “self-generated disturbance to upright 

equilibrium”. The control which a subject demonstrates over the horizontal 

movement of the COM in order to move from one BOS to another is critical to 

balance control (Pai and Rogers, 1990, Hughes et al, 1994). Pai et al (1994) 

emphasised that, unless a subject is unable to overcome the vertical pull of gravity, 

disturbances in balance are generally related to a horizontal displacement of the COM 

away from the BOS.

Many studies have been carried out which have measured the displacement of the 

COM in relation to the BOS or which have measured aspects of the horizontal 

momentum of the COM Although few of these studies discuss the data obtained in 

relation to the concept of balance, these studies have produced results and conclusions 

that are central to balance control during rising to stand.

Lee et al (1997) reported one of the few studies that has investigated rising to stand 

and balance. This study aimed to explore the relationship between dynamic balance 

responses and motor control patterns during rising to stand in patients wiüi stroke. 
EMG responses from a number of lower limb muscle groups, ground reaction forces 

under the feet, and knee angular displacement data was collected from 9 healthy 

elderly and 14 hemiplegic subjects. The EMG motor responses and 6 “COP balance 

indexes” (variables derived from the COP measures) were found to correlate with 

functional ability, assessed using the FIM (Functional Independence Measure) score. 

This suggests that there is a relationship between balance during rising to stand and 

functional ability. However the authors failed to identify the statistical tests or 

correlation values that demonstrated the relationship between these measures. This 

Limits the ability to generalise from these results.

It has been identified that central to the maintenance of balance during rising to stand 

is the horizontal distance between the COM and the BOS at the start of the ascending 

phase (COM/BOS separation) (Riley et al, 1991; Carr, 1992; Schultz et al, 1992). 

Studies have identified that forward flexion of the trunk prior to seat off is a strategy 

used to decrease the magnitude of the COM/BOS separation (Wheeler et al, 1985;
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Hughes et al, 1994; Hughes and Schenkman, 1996), However, in addition to the 

ability to move the COM through forward flexion, subjects have the ability to move 

the BOS nearer to the COM by moving their feet backwards (Wheeler et al, 1985).

Analysis and comparison of the horizontal and vertical components of the movement 

has demonstrated that the control and regulation of the horizontal displacement and 

momentum of the COM is central to the maintenance of balance during rising to stand 

(Pai and Rogers, 1991; Pai and Lee, 1994; Magnan et al, 1996).). It has been found 

that, while there can be increases in the peak vertical momentum of the COM, the 

horizontal momentum is a relatively invariant feature of rising to stand (Pai and 

Rogers, 1990; Pai and Lee, 1994; Pai et al, 1994; Hanke et al, 1995; Magnan et al,

1996). Hughes et al (1994) proposed that there were 3 different strategies used to 

stand up; (1) the momentum transfer strategy, where the initial horizontal momentum 

is sufficiently large to bring the COM over the BOS; (2) the stabilisation strategy, 

where the subject moves the COM over the BOS \ ^ l s t  in the stable sitting position, 

using little or no horizontal momentum, and initiates vertical momentum in order to 

rise; (3) the combined strategy, where the COM is moved closer to the BOS prior to 

the initiating horizontal momentum of a relatively small magnitude. These 3 

strategies directly relate to the control of balance during rising to stand.

No studies were found that directly addressed issues relating to the movement of the 

COM in relation to the BOS, during sitting down. It could be hypothesised that the 

requirement for precise voluntary control of the COM during sitting down is less 

essential than during rising to stand, as the movement ends in a relatively stable 

position with a large BOS. However, studies which have determined the time taken to 

rise to stand and to sit down have suggested that the time taken to sit down may be 

longer than the time taken to rise to stand (Engardt and Olsson, 1992; Durward,

1994). These results indicate that voluntary control is exerted over the movement of 

sitting down.

Although few studies investigating the control of the COM during rising to stand have 

been earned out exclusively to investigate balance control, the Conclusions obtained 

from studies of rising to stand identify several imphcations for studies specific to 

balance. The relationship between the COM and the BOS, and the horizontal and
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vertical components of the COM movement, are critical to balance control. This 

indicates that division of the movement into an initial flexion (seat-on) and an 

ascending or extension (seat-ofï) phase may be particularly pertinent to the 

exploration of balance, as these phases successfully identify the movements in 

relation to the size of the BOS.

3.4.4 Weight distribution during rising to stand

A common assumption in investigations of rising to stand is that the weight 

distribution between the legs will be symmetric (Baer and Ashbum, 1995). Many 

studies of rising to stand have acknowledged that this assumption has been made (e.g. 

Rodosky et al, 1989; Pai and Rogers, 1990, 1991a,b; Hughes et al, 1994). There has 

been little objective investigation carried out to support or refute this assumption 

(Baer and Ashbum, 1995).

Durward (1994) reported the lateral symmetry of weight distribution in 120 healthy 

subjects (20-90 years) and 36 subjects with hemiplegia for rising to stand and sitting 

down. The measurement system recorded vertical forces under the heels, forefeet and 

arms. The lateral symmetry index that was derived utilised the sum of the heel and 

forefoot forces. The lateral symmetry for the healthy subjects was defined as 

“[weight on right / (weight on right + weight on left)]”, \riiich expressed the 

percentage of body weight beneath the right foot (Durward, 1994). The mean lateral 

symmetry for the healthy subjects, expressed as a percentage of body weight, was 

49.2±4.5% for the ascending phase and 48.7±4.1% for the descending phase. The 

lateral symmetry index for the hemiplegic subjects was defined as “[weight on 

affected side / (weight on affected side + weight on unaffected side)]”, expressing the 

percentage of weight under the affected limb. On the first test day the mean lateral 

symmetry index for the hemiplegic subjects, expressed as a percentage of body 

weight, was 39.3±13.7% for the ascending phase and 38.4±13.4% for the descending 

phase. There was no significant difference in the lateral symmetry for ascending or 

descending between the first and last test days. There was a significant difference 

between the healthy and hemiplegic subjects for the mean lateral symmetry during 

ascending (p<0.005) and descending (p<0.005). Durward (1994) compared the values 

for lateral symmetry of weight distribution in hemiplegic subjects with a number of 

clinical scores. This analysis demonstrated high correlation between the clinical
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assessment of ability to transfer weight over the affected leg in stance and the ability 

to transfer weight over a semi-flexed knee in stance with lateral symmetry during 

ascending and descending (Spearman’s correlation coefficients - 0.75-0.90). 

Comparing clinical assessments of sitting and standing balance and gait with lateral 

symmetry durmg ascending and descending demonstrated much lower levels of 

correlation (correlation coefficients 0.41-0.79). This study therefore demonstrated 

that subjects with hemiplegia, on average, placed more weight on to their non-affected 

limb during rising to stand and sitting down. The degree of asymmetry of weight 

distribution during rising to stand and sitting down correlated with clinical scores of 

ability to weight transfer, but not with clinical scores of sitting and standing balance 

and gait, suggesting that symmetry of weight distribution is a valid measure of some 

aspects of balance ability but not others. The author concluded that the high 

correlation between the symmetry of weight distribution and the clinical assessment 

of weight transference was indicative of the validity of lateral symmetry in the clinical 

assessment of stroke.

The data collected by Durward (1994) was in agreement with earlier data determined 

by Engardt and Olsson (1992). Engardt and Olsson (1992) recorded weight 

distribution during rising to stand and sitting down using 2 force plates, in 16 healthy 

and 42 hemiplegic subjects, in an investigation of stroke patients’ perception of 

weight bearing. The results demonstrated that there was a significant difference in the 

symmetry of weight distribution of healthy and hemiplegic subjects during rising to 

stand (pO.OOl). The hemiplegic subjects distributed 37.5% of body weight to the 

affected leg and 62.5% to the unaffected leg: the healthy subjects distributed 48.7% of 

body weight to the right leg and 51.3% to the left. (Engardt and Olsson, 1992, 

illustrated the standard deviation from the mean weight distribution graphically, but 

failed to report the values in the text: the standard deviation from the mean is 

therefore not reported here). There was also a significant difference during sitting 

down (p<0.001), with hemiplegic subjects distributing 37.9% of body weight on the 

affected leg, and healthy subjects 50.5% body weight on the right. This study 

supported the assumption that healthy subjects have symmetrical weight distribution 

during rising to stand and sitting down, and demonstrated that hemiplegic subjects can 

have a high degree of asymmetry. Engardt and Olsson (1991a,b) measured Symmetry 

of weight distribution in 40 stroke patients, as part of an investigation into training
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and feedback; and Engardt et al (1993) took measurements from 42 stroke patients in 

order to investigate the relationship between symmetry of weight distribution during 

rising to stand and sitting down and measures of fimctional outcome. These studies 

both identified that subjects with hemiplegia exhibited asymmetrical weight 

distribution during rising to stand and sitting down (Engardt and Olsson, 1991,a,b; 

Engardt et al, 1993). In addition Engardt et al (1993) emphasised the importance of 

symmetry of weight distribution, finding a strong correlation between symmetry of 

weight distribution during rising to stand and sitting down and fimctional ability

(p<0.001).

Millington et al (1992) measured the forces under the feet during rising to stand (in 

addition to 2-D kinematic data and muscle activity) with 10 healthy subjects (69+3 

years). Although the data itself is not reported, the authors stated - and demonstrated 

graphically - that there was httle change in the medial and lateral forces under the feet 

during the movement, and that this imphed symmetrical weight bearing during rising 

to stand. Baer and Ashbum (1995) used a 3-D movement analysis system, with 

markers at the shoulder, pelvis and heel, to assess rising to stand in 30 healthy 

subjects (aged 61.6+7.7 years). From the analysis the authors concluded that healthy 

subjects exhibit small amounts of trunk lateral flexion (mean range = 3.56®±0.14°), 

trunk lateral shift (mean range, at pelvis = 29.6±7.3mm; at shoulders = 36.1±12.6mm) 

and trunk rotation (mean range, at pelvis = 5.69®±1.69°; at shoulder = 4.83®±2.63®). 

Baer and Ashbum (1995) stated that the magnitude of these movements were small 

and were unlikely to be identified during observation of a subject.

In conclusion, symmetry of weight distribution is often assumed during rising to stand 

and sitting down. There is limited evidence to support this assumption and further 

research is required. Studies have demonstrated that subjects with hemiplegia exhibit 

asymmetrical weight distribution and that this may correlate with clinical assessments 

of weight transference ability (Durward, 1994) and poor functional abihty (Engardt et 

al, 1993).

3.4.5 Problems with studies of rising to stand

In addition to the lack of definitions of the phases of the movement of rising to stand 

and sitting down, the methodology of studies can be very different. Table 3.16
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illustrates the standardisation of parameters adopted by different researchers. 

Schenkman et al (1990) argued that strict standardisation of the initial subject position 

was essential to allow comparison between studies. Schenkman et al (1990) 

determined and implemented a highly controlled methodology for rising to stand. 

The seat height was adjusted to 80% of the subject’s knee height, the ankles were 

placed in 18® of dorsiflexion and the feet were 4 inches apart. With their arms folded 

across their chest, subjects rose to stand to the time of a metronome at 52 beats/min, 

dictating that rising to stand occurred in 1.2s. This controlled method of rising has 

since been adopted for use by other researchers (Ikeda et al, 1991; Riley et al, 1991), 

despite criticism by other authors pertaining to the high degree of standardisation. 

VanSant (1990), in an invited commentary to the article by Schenkman, expressed 

concern with the strict standardisation of die movement. With reference to the 

restriction of arm use, by requiring that the arms maintain folded in front of the body 

throughout the movement, VanSant (1990) argued this was not a measure of normal 

rising to stand. VanSant (1990) also emphasised that natural variability in the foot 

position at the start of the movement has been demonstrated to vary with age 

(Wheeler et al, 1985), and that controlling foot position may be placing the subject in 

an unnatural starting position.
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Study Seat height Foot position Speed of ascwit Arms
Ada and
Westwood (1992)

0.38m “level and flat on floor^’ as fast as possible natural but no 
armrests wi chair

Alexander et al 
(1989)

knee height “lower legs at qiproximately 70® to 
the horizontal and the feet flat on the 
flow”

natural measured using 
and not using

Baa* and Ashbum 
(1995)

? no restriction natural natural

Carr (1992) lowCT leg 
length

standardised (but standardisation not 
stated in text)

natural natural, restricted 
and augmented

Crosbie ^  al 
(1997)

110%ofknee- 
floor length

? to metronome 
(1.5s)

folded

Durward (1994) 0.46m feet in centre position; restricted due 
to force plate position & size

natural natural; use of 
arm rests optional

Engardt and 
Olsson (1992)

knee height knee angle 100-105® with knees 
pointing straight ahead. Feet parallel 
and 10-18an apart

natural natural

Fleckenstein et al 
(1988)

0.44m knees flexed 105® ot 75®. Foot 
“angle and base width” self-selected.

natural ncAused

Hanke ^ a l  
(1995)

0.45m “on the flow in front of the chair” fast, natural slow folded

Hughes and 
Schenkman 
(1996)

varied (lowest 
= 0.33m)

1** trial self selected. Following trials 
asl**.

natural natural

Hughes et al 
(1994)

varied 1* trial self-selected. Following trials 
as 1**.

natural folded

Ikeda et al (1991) 80% of knee 
height

ankles 18® dwsiflexion. Medial 
bordw of feet 10.2cm apart

to metronome 
(1.2s)

folded

Ko t  et al (1994b, 
1997)

knee angle = 
95-100®, and 
ankle 18®.

ankles 18® dwsiflexion. Heels 10cm 
qiart

natural folded

Kralj et al (1990) self-selected self-selected natural folded
Lee et al (1997) knee angle 

110® flexion
“parallel to the flow, 20cm apart and 
flat”.

natural folded

Magnan et al 
(1996)

k n e e h e i^ 1*̂ trial self-selected. Following trials 
as 1**.

natural folded

Mourey et al 
(1998)

100% knee 
height

ankles 20® dorsiflexion. Feet lOon 
apart

natural fast natural

Pai and Lee 
(1994)

0.45m self-selected fast, natural slow folded

Pai and RogCTs 
(1990; 1991a,b)

0.45m self-selected fast, natural, slow folded

Pai et al (1994) 0.45m self-selected fast, natural slow folded
Riley et al (1991) 80% of knee 

height
anldes 18® dorsiflexion. Heels 10cm 
apart Fe^ parallel

to metronome 
(1.2s)

folded

Rodosky ^ a l  
(1989)

65,80,100, 
and 115% 
knee-heel 
distance

“fixed location” natural folded

Roebroeck et al 
(1994)

k n e e h e i^ Feet “next to eath ofoer”. to metronome hands on hips

Schenkman et al 
(1990)

80% of knee 
height

Ankles 18® dorsiflexiwi. Feet 
10.16cm apart Feet parallel.

to metronome 
(1.2s)

folded

Wheeler et al 
(1985)

0.44m Self-selected natural natural

Table 3.16: Standardisation of parameters during rising to stand.
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The view that strict standardisation and control during the analysis of rising to stand 

may reduce the natural variability, and hence the practical relevance, is supported by 

other researchers (Hughes et al, 1994; Baer and Ashbum, 1995). Schenkman et al 

(1990), Ikeda et al (1991), Riley et al (1991), Roebroeck et al (1994) and Crosbie et al 

(1997) all used a metronome to control the timing of the ascent to stand. However 

studies have demonstrated that the speed of rising can alter various parameters of the 

rising movement (Kralj et al, 1990; Pai and Rogers, 1990, 1991a,b; Pai and Lee, 

1994; Pai et al, 1994; Hanke et al, 1995). The argument that control of the starting 

position and timing is essential to allow comparison between subjects (Schenkman et 

al, 1990), must therefore be disputed. Furthermore, authors have negated to 

investigate the rehability with which the controlled parameters can be implemented 

Studies that huvo attempted tu have subjects ia strictly controlled starting positions do 

not state the reliability with which these positions are achieved. Despite this, it is 

generally assumed that the use of a strictly standardised protocol will increase the 

reliability of the measurements by reducing the number of parameters that can vary 

throughout the movement. The use of a tightly constrained protocol produces results 

that one could argue would be more repeatable than results from rising to stand using 

a less well standardised protocol. However, the argument proffered against the use of 

a tightly constrained measurement protocol relates to the validity of the measurement. 

Although the strictly standardised movement may reduce the variability between 

subjects and increase the reliability of the results, strict standardisation of the 

movement restricts the natural movement of the subjects. Strict standardisation may 

alter the manner in which a subject normally rises to stand or sits down to such a 

degree that the results are not a valid representation of normal rising to stand and 

sitting down for each subject or, therefore, for the population studied.

Rodosky et al (1989) demonstrated that changes in chair height significantly altered 

the flexion moments at the hip and knee (p<0.05). This study therefore illustrated that 

chair height can significantly affect components of the rising to stand strategy; 

subsequently data from studies using different chair heights is not directly 

comparable.

Shepherd and Koh (1996) found that different initial foot positions resulted in 

significant differences in the timing of the phases of the movement (p<0.01). Stevens
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et al (1989) demonstrated that changes in foot position caused significant differences 

in the horizontal and vertical components of head movement (p<0.01), and in the 

magnitude of the ground reaction forces (p<0.01). These studies suggest that studies 

that have placed restrictions on foot position may produce results that are not a valid 

representation of “normal” rising to stand. The COM/BOS separation has been 

identified to be central to balance control during rising to stand (section 3.4.3). 

Standardisation of foot position will place restrictions on the movement strategies for 

rising to stand.

Wretenberg et al (1993) demonstrated that hip and knee moments were significantly 

lower when using an arm rest than when rising unaided (p<0.001). As illustrated in 

Table 3.16, many authors have chosen to eliminate the use of arm rests and arm 

movement by requesting that subjects rise with their arms folded. It could be argued 

that the restriction of arm use would result in an unrepresentative measure of rising to 

stand. The results of this study lead to the hypothesis that the results of investigations 

that have eliminated arm use cannot validly be compared with studies that have 

allowed natural arm involvement.

In conclusion; there are no accepted definitions of the rising to stand or sitting down 

cycle, and the events and phases identified by different researchers are often 

incomparable. A debate regarding the standardisation and control of many of the 

variables in the rising to stand movement exists in the literature, and there is little 

consistency in the protocols adopted by different investigators. Whilst some authors 

argue that strict control is required in order to lessen variation between subjects and 

increase the reliability of the results, other researchers suggest that the variation 

between subjects may be an important measure of outcome or ability and that strict 

control of the movement reduces the validity of the measurement of the movement. 

Studies have illustrated that differences in chair height, foot position and armrest use 

can alter components of the rising to stand strategy. There is a need for valid, concise, 

definitions of the events occurring in the movement of rising to stand, and for the 

identification of a commonly adopted measurement protocol which will allow 

comparison between future studies.
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3.4.6 Summary and conclusions

Since the 1970’s investigation of the nature of rising to stand has been studied, 

principally using measurements of kinetic and kinematic variables and muscle 

activity. Research into the movement of sitting down has received little attention. 

Although the movement has been recognised as having horizontal and vertical 

components, and the horizontal control has been suggested to be central to balance 

during rising to stand, there are no definitive descriptors of the events or phases of the 

movement. Symmetry of weight distribution has been assumed during rising to stand, 

although there is presently little evidence to support this assumption. Further research 

of the movement of rising to stand and sitting down is required; however, to allow 

comparisons with other studies, common features must be identified and issues 

relating to standardisation must be addressed.

3.5 Balance and other functional activities

The previous sections have identified the necessity for balance in order to maintain 

the postures of sitting and standing, and in order to move between and within these 

postures. Balance has been identified to be a generic term, encompassing any activity 

carried out to prevent falling (Winter, 1995). Balance is therefore a prerequisite for 

all functional activities. Common to all tasks is the fact that in order to maintain 

balance the COM must be controlled with reference to the BOS. Balance control in 

sitting and standing, or during reaching activities, requires the maintenance of the 

COM within the BOS. Section 3.4 identified that during rising to stand and sitting 

down the BOS changes and the movement entails a degree of instability as the COM 

is moved from one BOS to the other. Winter (1995) identified that in activities such 

as walking the balance criterion changes, from one in which effort is made to maintain 

the COM within the BOS, to one in which the goal is to keep the COM outside the 

BOS and yet remain upright. Winter (1995) and Woollacott and Tang (1997) both 

confirmed that during walking the COM remains out of the BOS during the single- 

limb support periods. Woollacott and Tang (1997) hypothesised that the control 

mechanism for balance during walking must be different from the mechanisms used 

in activities where the COM remains within the BOS.
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Wade and Jones (1997) stated that balance was a continuous process, which was 

present during all voluntary motor activities, and that control of balance was 

dependent on the activity being carried out and the environment in which it was 

carried out. Wade and Jones (1997) suggested that as balance control was a 

continuous process, studies that have investigated discrete tasks, such as standing, 

might not be applicable to the “real-world”. At present there is httle pubhshed 

research on balance control during more continuous, or dynamic, activities 

(Woollacott and Tang, 1997).

Woollacott and Tang (1997) suggested that human locomotion could be divided into 4 

“sub-tasks”:-

1) the generation of continuous movement to progress tu wards the desired destination;

2) the maintenance of balance during the progression;

3) the adaptability to meet contextual changes;

4) the initiation and termination of the task.

With the exception of the generation of the movement itself, each of the sub-tasks is 

directly related to the control of the COM, with reference to the BOS. Patla et al 

(1990) defined two mechanisms responsible for the balance control during walking. 

These were proactive and reactive control mechanisms; with proactive mechanisms 

occurring prior to any encounter with potential threats to stability, and reactive 

mechanisms occurring as automatic postural responses to quickly regain balance if the 

proactive mechanisms fail to detect and respond to a threat to balance (Patla et al, 

1990). Maki and Mcllroy (1997) expand this description of balance mechanisms to 

encompass all fimctional activities;-

“The ability to regulate the relationship between the COM and BOS 

during activities of daily life results from a combination of reactive 

(compensatory) and predictive (anticipatory) balance control strategies. 

Whereas predictive control can serve to minimise the destabilising 

effect of predictable disturbances due, for example, to volitional 

movement, reactive control is the only recourse in the event of 

unexpected perturbation; hence, reactive control is likely to be of 

paramount importance in allowing stability to be maintained in the 

unpredictable circumstance of daily life.”
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Maki and McDroy (1997) further divided the reactive mechanisms, into “fixed- 

support” and change-in-support strategies, which were “distinguished by the absence 

or presence of limb movement to alter the BOS”.

It can, therefore, be concluded that the maintenance of balance is implicit to all 

functional activities, and relates to the control of the COM with reference to the BOS. 

Proactive control is used to anticipate and adjust for movements of the BOS or COM, 

while reactive control is used if the proactive mechanisms fail. Reactive control acts 

to regain balance by either returning the COM into the BOS, or moving the BOS. 

Although it has been recognised that balance control is a continuous process and is 

present during all motor tasks, the majority of studies of balance have concentrated on 

discrete motor tasks, and few studies are presently available on the maintenance of 

balance during more continuous tasks (Wade and Jones, 1997).

3.6 Implications for studies of balance and stroke

3.6.1 Measurements of balance and patients with stroke

Balance is a global concept, referring to the reaction of humans during three classes of 

function; the maintenance of a specified posture, the movement within and between 

postures, and the reaction to an unexpected disturbance. There are a number of 

different methods of measurement that have been used to assess balance during 

different functions. The validity of these different methods and the derived variables 

as assessors of balance has rarely been addressed. For any future research it is 

therefore imperative that the method of measurement selected has been considered 

with reference to the aspect of balance that is to be researched. Although the validity 

of the measurement of weight distribution during postures and movement has not 

been addressed, measurements of the symmetry of weight distribution during standing 

and during rising to stand and sitting down have been demonstrated to identify 

problems of postural control in subjects with hemiplegia following stroke. Studies 

have found that the symmetry of weight distribution in stance in subjects with 

hemiplegia correlates with measures of functional ability.
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There are a lack of studies which have measured weight distribution in sitting, and 

there is httle objective data available pertaining to sitting balance in subjects with 

hemiplegia. Despite the lack of objective data pertaining to sitting balance in 

subjects with hemiplegia following stroke, one of the key aims of physiotherapy 

treatment for patients with stroke is the improvement of balance in sitting. It is 

therefore vital that studies of sitting balance in this population are carried out. The 

problems of postural alignment in sitting, due to hemiplegia, lead to the hypothesis 

that measurement of weight distribution would be an appropriate and valid measure of 

sitting balance with the stroke population.

Measurements of weight-shifting are hypothesised to be a valid measure of abihty to 

control the movement of the COM within the BOS, and thus reflective of balance. 

The review of the available literature led to the proposal that reaching to the side from 

a sitting position was a suitable method for producing a standardised protocol for the 

investigation of weight-shifting in sitting. Although there have been a lack of studies 

investigating weight-shifting through reaching in sitting, initial exploration of 

reaching from a standing position has demonstrated that this may be a valid measure 

of COM control in stance, and that measures related to reaching in stance correlate 

with functional ability. The validity of using variables directly related to the COP as 

outcome measures of reaching remains unknown. However, following the review of 

the literature it was proposed that measurements of weight distribution during 

reaching out from a sitting position might be valid and appropriate assessors of 

balance. Rehabihtation of balance following stroke commonly aims to improve 

patients’ abihty to control the movement of the COM within the BOS, and to have the 

abihty to transfer weight from one side of the seat to the other, during sitting. Hence 

it is proposed that measurements of the transference of weight during reaching are 

appropriate measures of balance in patients with hemiplegia following stroke.

Thus, following a thorough review of the literature, it is proposed that objective 

measurements of the symmetry of weight distribution and the abihty to transfer 

weight are appropriate measures of balance in patients with acute stroke. This 

conclusion is supported by Nichols (1997) who, following a review of the hterature 

pertaining to balance retraining after stroke, concluded that measures of symmetry
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and movement within the limits of stability were more appropriate assessors of a 

patient’s abihty than measures of the COP,

Since patients with stroke can have balance problems during many functions, it will 

be appropriate to measure balance in stroke patients during a number of different 

postures and movements. It is proposed that measurements of balance during sitting, 

standing, rising to stand, sitting down and during reaching out from a sitting position 

may be reflective of global ability to balance in patients with acute stroke. It is 

hypothesised that the measurements of the symmetry of weight distribution during 

sitting, standing, rising to stand, sitting down, and reaching from sitting will be 

appropriate outcome measures for studies of the balance abihty of patients with 

stroke.

3.6.2 Measurement systems and the assessment of weight distribution

The review of hterature identified several common problems with the use of objective 

measurement systems during the study of balance. Many of these problems related to 

the failure of researchers to cany out the necessary calibration checks on the 

measurement equipment* and the subsequent failure to identify the accuracy, precision 

and reliabihty of the measurement tool. Any future research must address these issues 
adequately.

A problem specific to the measurement of symmetry of weight distribution is the 

selection of inappropriate indices of symmetry (Durward and Rowe, 1991). Durward 

and Rowe (1991) illustrated the problems of expressing symmetry data and 

highlighted the importance of selecting an index that would form the data into a 

normal distribution. Durward and Rowe concluded that the index A/(A+U), where A 

is the force through the affected side and U the force through the unaffected side, may 

be the most appropriate index to reflect changes in symmetry. The authors selected 

this index as it provided linearity, with a continuous scale from 0 to 1 and with the 

midpoint, 0.5, representing symmetrical weight distribution. However, it can be 

argued that a scale where values from 0 to 0.5 represent more weight on the 

unaffected side, and where values from 0.5 to 1 represent more weight on the affected 

side, can be difficult to interpret. A value of 0.3 and a value of 0.7 represent the same 

degree of asymmetry, but in opposite directions: this is not immediately apparent
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from the index. It is proposed that an alternative index, that has the advantages of the 

linearity and the normal distribution emphasised by Durward and Rowe (1991), but 

that provides data that is easier to interpret is:-

Symmetry Index, SI = (weight on left - weight on right)
(weight on left + weight on right)

Or, in the case of hemiplegic subjects:-

(weight on unaffected side - weight on affected side) 
Symmetry Index, SI -  on unaffected side + weight on affected side)

This formula results in a symmetry index where 0 represents symmetrical weight 

distribution between the sides. 1 represents all weight distributed to the left, or

unaffected, side. -1 represents all weight distributed to the right, or affected, side.

Asymmetry to the left and right can easily be compared as the absolute value of the 

symmetry index represents the degree of asymmetry regardless of direction. For 

example, a symmetry index of 0.3 indicates that a subject has 30% difference in 

weight distribution between the sides with more weight on the left than the right. 

Conversely a symmetry index of -0.3 also indicates there is a difference in weight 

distribution between the sides of 30%, but that there is more weight on the right than 

on the left. It is proposed that this symmetry index is suitable for the investigation of 

weight distribution in subjects with stroke.

The requirements for a measurement system for the study of weight distribution in 

patients with stroke were therefore that it was accurate, precise and reliable and that it 

could produce the data necessary to calculate the symmetry index. Additionally the 

system had to be suitable for use in a clinical setting, with patients who had multiple 

problems resulting from stroke.

A measurement tool capable of the clinical measurement of the symmetry of weight 

distribution in standing and during rising to stand and sitting down was developed at 

Queen Margaret College, Edinburgh (Durward, 1994). This measurement system 

comprised vertical force measuring sections under the heels and forefeet and within 

the arms of the chair. Durward (1994) reported extensive tests of the cahbration of 

this system, demonstrating that the system was valid and rehable. This system was
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successfully used in a clinical setting to collect data from patients with stroke 

(Durward, 1994). Thus, this measurement system met all the criteria for the use as 

the measurement tool for the study of weight distribution in patients with stroke, with 

the exception that it did not have the abihty to assess weight distribution during 

sitting, or during reaching out from a sitting position. However, the addition of a 

further 4 vertical force measuring sections within the seat of the chair, could 

potentially provide an objective measurement system capable of assessing weight 

distribution during sitting, standing, rising to stand, sitting down and reaching from 

sitting. Thus the system developed by Durward (1994) could be modified to provide 

a measurement tool appropriate for the assessment of balance in patients with 

hemiplegia following stroke, through the measurement of the symmetry of weight 

distribution during sitting, standing, rising to stand, sitting down and reaching from 

sitting.
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4. Motor learning

4.1 Introduction

Motor learning refers to the permanent acquisition of a physical skill. This chapter 

discusses motor learning with reference to the optimal methods of motor learning, the 

theories of how motor learning occurs, and the application of the theories of motor 

learning to individuals with neurological deficits.

Motor learning has been defined as

“a set of processes associated with practice or experience that leads to 

relatively permanent changes in the capability for producing skilled 

action.” (Schmidt, 1989).

Higgins (1991) described skill as a “form of competence”, and emphasised that for an 

individual to be skilful at a task they must have the ability to achieve the goal consistently 

in a variety of conditions. A skilled action should achieve the desired goal with minimal 

energy expenditure (Schmidt, 1991). However, motor skill is not only reliant on the 

successfiil organisation of physical resources, but is also dependent on an unique interplay 

of cognitive and perceptual processes to support the motor behaviour (Lee and Magill, 

1983; Higgins, 1991).

Motor learning cannot be observed directly, but can only be inferred fi’om the observation 

of a person’s performance (Schmidt, 1988; Magill, 1993). Performance is the level of 

skill acquisition that a person achieves (Marteniuk, 1979); the level of skill achieved may 

only be temporary. Thus a performance level is the quality of the execution of a skill at a 

certain point in time.

Motor learning is a permanent change in the level of skilled performance (Schmidt, 

1988). Although motor learning cannot be directly assessed, it is indicated by observation 

of a performance which

a) improves over time
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and/or b) becomes more consistent over time (Schmidt, 1988; Magill, 1993).

Often a “retention” test, or a series of retention tests, are carried out in order to assess 

performance and performance consistency over time (Schmidt, 1991). These are tests of 

performance that occur after the practice trials have terminated. It is now accepted that 

retention tests are essential in order to assess learning, and often these tests are continued 

over a prolonged period of time. However, despite the recognition of the importance of 

retention, there appears to be no available work that has explored the relationship 

between practice and retention time.

Research has been carried out into various aspects of motor performance and learning 

since around 1880 (Adams, 1987). Much of the early work was heavily based in 

behavioural psychology, and research concentrated on determining optimal methods for 

performance and learning, rather than addressing issues relating to theories of how the 

skills were learnt (Schmidt, 1987). Interpretation of many of the earlier psychology- 

based experiments is marred by their failure to carry out retention tests, thus providing 

data pertaining to motor performance rather than motor learning. More recent research 

has led to the acceptance that practice is ftmdamental to the acquisition of skill, and to 

successful motor learning (Marteniuk, 1979; Lee et al, 1991; Schmidt, 1991; Magill, 

1993). Extensive studies have been executed to explore the many different parameters of 

practice, and the influence on motor learning. The results of these studies, and evidence 

pertaining to the function of the CNS, have led to the proposal of evidence-based 

hypotheses relating to motor learning.

The research into many areas of motor learning is extensive; subsequently the critique of 

all studies leading to evidence, hypothesis formation, or theories of motor learning is 

beyond the scope of this chapter. The following sections review evidence, hypotheses 

and theories of motor learning and mechanisms of motor learning with reference to the 

principal texts. Where extensive reviews of the available studies have been drawn by 

established authors, in text books and review papers, the reader is referred to these texts 

for more detailed information.
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4.2 Optimal acquisition of motor skiils

As has previously been identified, practice is fiindamental to the acquisition of skill, and 

to successfiil motor learning (Marteniuk, 1979; Lee et al, 1991; Schmidt, 1991; Magill, 

1993). Schmidt (1991) states that the two variables that are critical to the achievement of 

optimal motor learning are the practice itself and feedback regarding the success of the 

task practised. Extensive research has been executed to explore the many different 

parameters of practice and feedback strategies, and the influence on motor learning. The 

majority of these studies have involved the investigation of healthy individuals during the 

acquisition of a specific, discrete, novel task. The results of these studies have been 

central to the development of theories pertaining to the way in which motor skills are 

learnt. The following sections introduce some of the key evidence pertaining to the 

optimal acquisition of motor skills.

4.2.1 The task to be learnt

Central to a subject carrying out the practice required for learning a new motor skill is 

motivation (Schmidt, 1988, 1991; Magill, 1993). Despite a lack of experimental 

evidence, it is generally accepted that a subject must recognise the purpose of the motor 

skill and have a desire to learn it, in order to exert maximal effort into practice sessions 

(Schmidt, 1991; Magill, 1993). Goal setting, in which subjects set goals for themselves 

prior to practice, has been demonstrated to improve learning. Studies have shown that if 

subjects set themselves higher goals, they will achieve greater learning (Schmidt, 1991). 

Magill (1993) identified guidelines for goal setting aimed at optimising motor learning, 

based on the available literature. These guidelines suggest that:-

• goals aimed purely at mastering a skill lead to optimal performance and increased 

persistence at practice;

• objective, quantifiable, goals are more effective than abstract goals;

• goals must be meaningful to the subject;

• goals must be attainable;

• goals should be set according to the individual and their past performance levels;

94



• the provision of both short- and long-term goals is preferable to the provision of only 

one type of goal.

Once a subject is motivated to learn a new motor skill, Schmidt (1988, 1991) suggested 

that it is important that the subject is provided with an overview of the task to be 

performed. It was identified that this information can be portrayed via instructions and 

demonstrations (Schmidt, 1988, 1991; Magill, 1993). However there is a paucity of 

research carried out on the use of instructions to provide a learner with the correct idea of 

the task to be practised, or to improve the motivation of a learner to practice. Further 

research is required into this area.

4.2.2 Organisation of practice

Part vs. Whole Task Practice

Studies have investigated whether motor learning is greater in situations where the whole 

task is practised, or in situations where the task is divided into a number of component 

parts and these parts are practised in isolation prior to recombining them to make the 

whole. The concept of part vs. whole practice is central to the concepts of transferability 

and specificity. Transfer of learning refers to the degree to which practice of one task can 

result in a change in the ability to carry out a second task. If part practice is to be 

successful, transfer of the learning of the part-task must occur to the whole task. 

Specificity refers to the degree to which a movement programme for one task is related to 

the movement programme for another task. If each task practised requires a specific and 

independent movement programme then one could predict that part-practice will not 

assist in the learning of the whole task. Studies indicate that the benefits of part practice 

as compared to whole practice are dependent on the nature of the task to be learnt. Skilled 

motor tasks can broadly be described as either:-

• Discrete movements; where the task has a recognisable beginning and end.

• Serial movements; which are discrete movements strung together in a sequence.

• Continuous movements; which have no recognisable beginning and end 

Experimental evidence suggests that if a discrete motor task is practised in its’ component 

parts there is little transfer of learning to the whole task (Schmidt, 1991). Studies have
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also indicated that part-practice of discrete tasks can be detrimental to the learning of the 

whole task (Schmidt, 1991; Magill, 1993). In contrast, studies have found that if the more 

complex parts of a serial movement are practised in part, then the execution of the whole 

task can improve (Schmidt, 1991; Magill, 1993). This has been found to be more 

advantageous when the parts are practised in sequence with the other parts of the 

movement. However, again in contrast, part-practice of a continuous task has not always 

been demonstrated to improve the learning of the whole movement (Schmidt, 1991). 

Experimental evidence suggests that if the component parts of a task occur 

simultaneously, overlap, or interact, then part-practice becomes less effective for learning 

(Schmidt, 1988). It is now generally accepted that practising a whole task is more 

advantageous for motor learning than practising a task in it’s component parts 

(Marteniuk, 1979; Schmidt, 1988, 1991; Magill, 1993). The exception to this appears to 

be when a skill is extremely complex, when practising the whole task may hinder learning 

(Marteniuk, 1979; Schmidt, 1991; Magill, 1993).

M assed vs. D istributed Practice Schedules

A massed practice schedule is one in which the practice time is greater than the rest time 

between trials. A distributed practice schedule is one in which the rest time is greater 

than or equal to the practice time. Massed practice schedules have been found to cause 

a significant decrease in performance levels, as compared to distributed practice. 

However, studies using retention tests have found that massing does not effect learning to 

the same extent; some studies have even found that learning was greater following a 

massed practice regime than following a distributed practice regime (Schmidt, 1988). 

Magill (1993) highlighted the controversy in the literature pertaining to the use of massed 

vs. distributed practice schedules. Magill (1993) indicated that the results from research 

investigating continuous and discrete tasks appeared to be different. During the learning 

of continuous tasks, massed practice has been shown to have a variety of results. Some 

studies have shown that massed practice has a similar effect to distributed practice, while 

other studies have concluded that massed practice is detrimental to the learning of a
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continuous motor task. In contrast, research has demonstrated that massed practice can 

be more advantageous than distributed practice for learning discrete motor tasks.

The research investigating these practice schedules can be linked to some of the work that 

investigated the effects of practising in situations of fatigue. The inherent nature of 

massed practice results in greater fatigue than distributed practice. Fatigue has been 

found to have adverse effects on motor performance (Godwin and Schmidt, 1971; Carron, 

1972). However, the evidence of the effects of fatigue on motor learning remains 

inconclusive. Some studies (e.g. Godwin and Schmidt, 1971) have found that motor 

learning improves in situations of fatigue; whilst others (e.g. Carron, 1971) have found 

that fatigue is detrimental. Magill (1993) suggests that continuous tasks can require 

greater energy expenditure and therefore induce more fatigue than discrete tasks. Magill 

(1993) has attempted to explain the differences in these results, by suggesting that there is 

a “threshold of fatigue”: fatigue below the threshold will be beneficial to motor learning, 

fatigue above the threshold will be detrimental to motor learning. Unfortunately the 

methods of inducing fatigue in the different studies are not comparable, so no further 

support is available for this hypothesis.

Blocked vs. Random Practice Schedules

If a number of distinct skilled movements were to be learnt, a blocked practice schedule 

would involve repeated repetition of the same task prior to practise of the next task. A 

random practice schedule would involve randomisation of the practice of the tasks. 

Research indicates that, although blocked practice can result in better performance than 

random practice, random practice leads to better retention of learning (Shea and Morgan, 

1979; Lee and Magill, 1983; Schmidt, 1988,1991; Lee et al, 1991).

Variability in Practice

Variability in practice refers to the variation in the parameters of the actual movement 

skill being acquired. Thus the goal of each practised repetition would be systematically 

or randomly varied throughout the practice session. A varied practice schedule is distinct

97



from a random practice session in that during random practice a number of individual 

tasks are practised, and during variable practice the tasks are all variations from the same 

class of movements. There is strong evidence that increased variability is beneficial for 

learning; no studies have found that increased variability is detrimental to learning 

(Schmidt, 1988).

Guidance

Guidance can be physical or verbal direction to a learner in order to reduce the number of 

errors during the performance of a motor task. Guidance has been demonstrated to 

substantially improve the performance of a practised motor task. However there is 

extensive experimental evidence which shows that guidance does not assist, and can be 

detrimental to, motor learning (Salmoni et al, 1984; Schmidt, 1988, 1991; Schmidt et al, 

1989; Lee et al, 1990). This evidence has led to much support being given to the 

"guidance hypothesis ”, which states that the guidance role of knowledge of results (see 

section 4.2.3) can force learners to rely on this feedback in order to be able to perform 

the task and that this inhibits learning from occurring (Salmoni et al, 1984; Schmidt, 

1988,1991; Schmidt et al, 1989; Lee et al, 1990).

4.2.3 Types of feedback

The term feedback refers to sensory information about a movement (Schmidt, 1991). 

Feedback is often divided into two broad categories:-

1. Intrinsic Feedback. This is information directly from the learner’s sensory system 

that occurs as a consequence of the movement. This includes sensations such as touch 

and pressure, proprioception relating to joint position and muscle tension, vision and 

audition.

2. Extrinsic Feedback. This is information which comes from the environment; and not 

directly from the learner. This is often called “augmented feedback” as it occurs in 

addition to intrinsic feedback. It is augmented feedback that can be manipulated in an 

attempt to influence learning. Different types of extrinsic feedback have been 

classified in the literature. These include:-
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a) Knowledge o f Results (KJ^

KR has been defined as extrinsic, or augmented, feedback, usually verbal (or 

verbalisable), which provides information pertaining to the success of a movement in 

relation to an environmental goal (Schmidt et al, 1989; Schmidt, 1991). KR often 

duplicates information that is available from intrinsic feedback mechanisms.

b) Knowledge o f Peiform ance (KP)

KP is extrinsic feedback pertaining to the movement pattern that the learner has 

performed. This is often referred to as “kinematic feedback”, as it provides information 

about the movement or movement pattern (rather than the outcome of the movement, as 

in KR). Although KP is often verbal (e.g. “your arm needs to bend more”), it can occur 

in other forms such as videotape or graphic representation (Magill, 1993).

Care has to be taken with the categorisation of feedback into “intrinsic” or “extrinsic”, as 

the differentiation between these types of feedback is not always distinct For example, 

vision is a sensation said to provide intrinsic feedback; yet extrinsic (augmented) 

feedback is often visual in nature. It is perhaps less confusing to think of augmented and 

non-augmented feedback, which indicate whether the information has been given 

purposely, as additional information to augment the performance. The sub-categorisation 

of feedback into KR and KP also has limitations. Although definitions are frequently 

provided in the literature, KR and KP are often not differentiated in the research studies. 

The amount of research investigating KP is limited, due to the difficulty of providing 

consistent and correct KP. Thus research using KR is most often carried out, and it is 

fi-equently assumed - despite a lack of evidence - that the conclusions fi’om the research 

are applicable to KP as well as KR. Although the terms KR and KP can be useful as 

descriptors, the classification is used infrequently in the literature. The term “feedback” 

is most commonly used as a broad descriptor.
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4.2.4 Functions of feedback

M otivation

An important function of feedback is its’ role in motivating the learner. Research 

investigating the provision of feedback during boring, repetitive, long duration tasks 

where performance was deteriorating, found that performance immediately increased 

with the provision of feedback (Salmoni et al, 1984). Feedback has also been found to 

increase the length of time for which learners will practice a task. Learners report that 

they find they work harder if feedback is provided (Schmidt, 1991). In this way feedback 

can also function as a major reinforcer. However, the research into feedback as a 

motivator primarily addresses the influence on performance and few retention tests to 

allow the investigation of learning have been carried out by the researchers in this field.

Inform ation

Schmidt (1991) stated that the most important component of feedback for motor learning 

was its’ role in the provision of information about the pattern of the required movement. 

Feedback provides information about errors in a movement; this leads to modification in 

the pattern of a movement in an attempt to correct for the errors and improve the 

performance. Continued feedback will tend to maintain performance errors at a 

minimum However, although feedback has been found to increase performance, some 

research has found that increased feedback led to a decrease in the amount of learning (as 

explained by the “guidance hypothesis”, section 4.2.2)

4.2.5 Parameters of feedback

Substantial research has been carried out into the effects of augmented feedback on 

motor learning. Similarly to investigation of the structure of practice regimes, the 

majority of studies exploring the parameters of feedback have involved the study of 

healthy individuals during the acquisition of a specific, discrete, novel task. Two 

categories of investigation of feedback can be identified; studies investigating the timing 

of augmented feedback (temporal aspects) and studies investigating the type of 

augmented feedback (nature of feedback). The temporal aspects of feedback include 

variables such as the frequency at which feedback is presented, and delays between task
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completion and feedback provision, the number of trials executed before feedback 

provision, the number of those trials for which feedback is provided, and the “averaging” 

of the feedback from a number of trials. The nature of feedback includes factors such as 

the precision of the feedback information; research has demonstrated that, up to a certain 

degree of precision, the more information that is provided the greater the effect on 

learning.

4.2.6 Summary and conclusions

Research has led to the assertion that practice is fundamental to motor learning. Many 

studies have been carried out >̂ frich have explored parameters of practice and feedback 

with the aim of identifying optimal methods for the acquisition of new motor skills. 

Although there remain many areas that require further research, substantial evidence 

pertaining to the optimal parameters of motor learning is available in the literature. The 

current evidence identifies that, for the optimal acquisition of motor tasks,

• goals of practice should be to master a skill, and should be objective, quantifiable, 

meaningful and attainable.

• the whole task should be practised (except for extremely complex tasks);

• practice sessions should be distributed, random and incorporate variability;

• feedback should motivate, interest, and inform about errors, but too much feedback 

should be avoided;

Any future research investigating the learning of motor tasks should ensure that practice 

sessions are aimed at optimal acquisition, as indicated by the available research.

4.3 Theories of motor learning

The closed-loop theory of motor learning introduced the concept that the detection of 

error was central to learning (Adams, 1971). Following identification of the limitations 

of the closed-loop model, Schmidt (1975) proposed an open-loop model of motor 

learning (“Schmidt’s Schema Theory”).

101



4.3.1 Generalised Motor Programmes

Central to the idea of Schmidt’s Schema Theory was the concept of generalised motor 

programmes. The concept of movements being programmed generally was first 

introduced by Pew (1974). Schmidt suggested that a generalised motor programme 

served as a memory representation for a class of movements, rather than for one 

individual jnovement. The theory proposed that a series of movements that have the 

same invariant characteristics belong to the same movement class. One generalised 

motor programme will represent this movement class. Experimental evidence suggested 

that relative timing, relative force, sequencing of events and spatial configuration of a 

movement are some of the “invariant” characteristics of a movement (see Magill and 

Hall, 1990, and Schmidt, 1991, for a review of these studies). Thus, if the relative timing, 

relative force, sequencing of events and / or spatial configurations of a task remain 

constant then variations of the task are all under the control of the same motor 

programme. Conversely, if the relative timing, relative force or sequencing of events in a 

task vary then control is considered to be firom a different motor programme.

4.3.2 Recall and Recognition Schema

Schmidt’s theory proposed that two states of memory - recall and recognition - are used 

by the learner to select the appropriate motor programme specifications that are used to 

produce the movement. The combination of the memory of the outcome of previous 

attempts and the knowledge of the specifications of the desired response result in the 

recall schema. Thus the recall schema involves the selection of the appropriate motor 

programme and the predicted specifications to achieve the desired outcome. This is 

based on the memory of past outcomes. The recall schema is structured in advance of 

the movement and does not involve any feedback during the movement. The memory of 

past sensory consequences combined with the actual sensory consequences constitutes 

the recognition schema. Thus the recognition schema is responsible for response 

evaluation, and detects if there is a mismatch between the expected and the actual 

sensory feedback.
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Figure 4.1 illustrates the involvement of these process in Schmidt’s schema of motor 

leaming:-

INITIAL
CONDITIONS

Response
Specifications

DESIRED
OUTCOME

KR

MOTOR
RESPONSE

SCHEMA

MOTOR PROGRAM

LIMBS

ENVIRONMENT

Subjective
Reinforcement

ERROR
LABELING

^EXPECTED PROPRIOCEPHVE FEEDBACK [► Q

^EXPECTED EXTEROCEPTIVE FEEDBACK |—  

____________ Proprioception_____________________

Exteroception

MEASURED
OUTCOME

Knowledge o f  Results

Figure 4.1 The motor response schema in relation to events occurring within a trial (recall and 
recognition schema combined for clarity). From Schmidt (1975)

4.3.3 Schema Learning

Schmidt proposed that an individual stores information pertaining to

a) the initial conditions; i.e. the conditions that existed prior to the movement, including 

body positions, environmental conditions, parameters of desired task (attempted 

distance, weight etc.);

b) the specifications of the generalised motor programme which was initiated;

c) the success of the movement; i.e. the outcome as dictated by the knowledge of results;

d) the sensory consequences of the movement; i.e. the exteroceptive and proprioceptive 

feedback.
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This information is stored only long enough to enable the recall and recognition schema 

to be formed.

The involvement of the recall and recognition schema is therefore apparent. In order to 

perform a movement with minimal error the individual needs to have a representation of 

past outcomes, motor programmes, and sensory experiences. The more memory 

representation an individual has, or the more accurate the knowledge of the desired 

movement and sensory consequences, the greater is their ability to produce a movement 

with minimal error.

This theory predicts that in order to improve performance and to learn a motor skill, the 

motor response schema has to be initiated repeatedly to allow the learner to create the 

necessary recall and recognition schemas. Each repeated attempt at the movement 

should use the memory of the outcome and experience of the previous attempts to make 

alterations to the specifications of the motor programme, and to reduce the amount of 

error with each movement. This prediction that repeated practice of the movement skill 

is required in order to improve motor performance and learning is well supported with 

evidence from the literature.

Although not stated, the development of the recall and recognition schema implies the 

necessity for attention and cognition, which are also strongly supported by the literature.

4.3.4 Problems and Limitations of the Schema Theory

While there is much supporting literature for Schmidt’s Schema Theory, and this theory 

provides an explanation for the results of many experiments into motor learning, the 

theory is limited by its’ deductive nature. Central to the theory is the concept of the 

“generalised motor programme”. Schmidt recognised that it remained “vague” how such 

a programme could be developed and used (Schmidt, 1988).
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4.4 Neurophysiological processes of motor learning

The study of the functional organisation of neuroanatomical structures has led to 

evidence pertaining to the neurophysiological processes involved in motor learning. 

Although these processes are not yet fully understood, it has been proposed that the 

process of comparing the desired movement with the sensory feedback from the executed 

movement is central to motor learning (Kandel and Schwartz, 1985). Evidence suggests 

that the cerebellum acts as the comparator, playing a role in the regulation of the timing 

of the movement being trained. It has been proposed that long term cellular changes in 

the cerebellum occur when motor tasks are learnt, however this suggestion remains to be 

directly demonstrated and has been disputed (Kandel and Schwartz, 1985; Keele and 

Ivry, 1991; Gilman and Newman, 1992; Llinas and Welsh, 1993; Nolte, 1993; Jenkins et 

al, 1994; Schutter, 1995; Seeds et al, 1995; Bear et al, 1996; Raymond et al, 1996). 

Experiments have demonstrated that changes in afferent input result in long-term plastic 

changes within the cerebral cortex. These experiments have led to the proposal that the 

changes occur during the process of motor learning (Dobkin, 1993; Pascuale-Leone et al, 

1994; Elbert et al, 1995; Kami et al, 1995; Lee and van Donkelaar, 1995; Rosenzweig 

and Bennett, 1996; Seitz and Freund, 1997). Thus, it is hypothesised that the process of 

motor learning involves a number of mechanisms within the CNS and central to these 

processes are changes in afferent input which result in long term plastic changes in the 

cerebellum and / or the cerebrum (Kandel and Schwartz, 1985; Gilman and Newman, 

1992; Nolte, 1993; Bear et al, 1996).

4.5 Application of motor learning theories to individuals with 

neurological damage

In applying the theories of motor learning to individuals with neurological damage, there 

are three key questions that must be addressed:-

1. Can an individual with damage to the central nervous system learn motor skills in the 

same way as a healthy individual?
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2. Is the learning of new motor tasks by a healthy individual analogous with the re

learning of movement skills that were lost due to neurological damage?

3. Are the neurophysiological processes of recovery and re-leaming synonymous?

The first of these questions is intimately involved with information relating to the extent 

of the neurological damage in the subject. This question pertains to whether the subject 

maintains the neurophysiological processes necessary for motor learning. The research 

evidence on which the theories of motor learning are based is primarily related to the 

investigation of healthy individuals learning new motor skills. Following neurological 

damage a subject may require to re-leam a skill that had previously been acquired. The 

second question refers to whether re-leaming a skill is comparable to learning a new 

skill. The final question relates to the process of rehabilitation following neurological 

damage. This point challenges the assumption that rehabilitation is an active process, 

involving cognitive learning by the neurologically damaged subject: does recovery 

involve the same neurophysiological processes as re-leaming? There is a paucity of 

literature that addresses these research questions. The following sections will review the 

pertinent research.

4.5.1 Motor learning following neurological damage

Literature pertaining to motor learning following neurological damage can broadly be 

divided into two categories: 1) studies investigating the learning of abstract motor skills 

and 2) studies investigating the re-leaming of functional skills as part of treatment 

program.

Learning o f abstract motor skills

A number of studies have attempted to investigate differenees in ability to perform motor 

tasks following left or right hemispherie damage. Although these studies principally 

investigate performance and fail to measure learning, they do present some interesting 

findings in terms of a patient’s ability to perform a task before, during and after a period 

of training. These studies primarily use discrete, novel motor tasks. For example, 

Kimura (1977) investigated the effect of motor task training in 45 patients with 

hemiplegia following CVA. Patients with left CVAs were categorised as aphasie or non-
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aphasie. Subjects were instructed to carry out a hand function task, with a manual 

sequence box, using the unaffected hand. Subjects continued practising until they could 

successfully execute 5 repetitions of the task. The time for completing 5 successful 

repetitions, following demonstration of the task, was recorded. Kimura (1977) compared 

the ability of patients with lefl-hemisphere (n = 29) and right-hemisphere (n = 16) 

damage to perform the novel upper limb function. There was no difference between the 

hand strength and finger tapping ability of the two groups. This study found that patients 

with lefl-hemisphere damage had poorer performance (as determined by acquisition time, 

p<0.001; and errors in acquisition, p<0.03) during and after training than patients with 

right-hemisphere damage. The results led the author to suggest that the left hemisphere 

was responsible for “internal” spatial functions, which were to do with changing the 

position of one body part relative to the rest. Although this study did not compare the 

ability of patients with neurological damage with the ability of healthy individuals to 

perform a motor task, it does suggest that left-hemisphere damage resulted in impairment 

in the ability to improve one’s performance with training.

Haaland et al (1987) compared the ability of patients with left-hemisphere (n = 10) and 

right-hemisphere (n = 9) damage to perform a motor task. Haaland et al (1987) also 

included two healthy control groups who either performed the task with their right (n = 

10) or their left (n = 10) hand. The task was a tapping task, involving tapping two target 

plates. In support of the study by Kimura (1977), this study found that the patients with 

left hemisphere damage were impaired in their ability to perform the task. The ability of 

the patients with damage to the right-hemisphere was not impaired relative to the control 

group. However, Haaland et al were cautious in drawing conclusions from this study in 

view of the diverse findings and controversy surrounding the hemispheric control of 

motor functions (Haaland et al, 1987). They emphasise the need for further research.

Winstein and Pohl (1995) also found differences in the motor performance between 

subjects with left and right hemispheric lesions. 10 subjects with right hemiplegia, 10 

with left hemiplegia, and 10 healthy controls carried out à tapping task. Subjects with
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left hemispheric lesions were found to have deficits relating to the timing and triggering 

of sub-components of the movement, while subjects with right hemispheric lesions were 

found to have deficits in processing and reacting to visual information (Winstein and 

Pohl, 1995). The results of this study concur with the studies of Haaland et al (1987) and 

Kimura (1977), demonstrating that motor control and performance is related to the side 

of hemispheric lesion in patients with stroke.

Rode et al (1997) suggested that the motor recovery of subjects with left and right 

hemispheric lesions was different. The authors investigated the postural control of 

patients with stroke and found that a lack of balance control persisted for longer in 

subjects with left hemiplegia. This led to the hypothesis that the right hemisphere was 

able to “compensate more readily for the postural deficit related to hemiplegia than the 

left hemisphere” (Rode et al, 1997). However, the use of only one measurement, rather 

than measurements over time, restricts the ability to draw conclusions pertaining to the 

recovery of the patients and the results found could potentially be due to the relative 

severity of the strokes of the subjects with left and right hemispheric damage.

Although these studies provide useful information regarding the ability for patients to 

perform motor tasks, they fail to address the ability of a patient to leam a motor skill. 

Platz et al (1994) attempted to address the question of the ability of an individual with 

neurological damage to leam motor skills to the same extent as healthy individuals. Platz 

et al (1994) investigated the ability of 20 individuals with motor control deficits (but no 

sensorimotor or cognitive deficits) following CVA, and 16 healthy controls, to perform 

and leam a “three-dimensional motor learning task” (comprising triangular movements 

with the hand in the air). The test-procedure was standardised and involved massed 

blocks of practice with and without feedback. The number of repetitions was kept low in 

order to prevent fatigue. A number of blocked-practice sessions were carried out during 

one day; on the following day a retention test was carried out. The results demonstrated 

that stroke patients did have the ability to use feedback from training aids, and to 

improve spatial performance. Compared to baseline values, after the training the
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variation of the mean velocity decreased (p<0.01); the drawn triangle resembled the 

correct shape more closely (p<0.01, p<0.025 and p<0.01 for angles of triangle); there was 

an increase in the duration of the break at the triangle comers (p<0.001); the variations of 

the movement iterations decreased (p<0.025) and there was a decrease in the mean 

velocity of movement (p<0.01). Although the motor performance of the hemiplegic 

subjects improved, the number of mistakes made by the hemiplegic subjects remained 

greater than those made by the control subjects (p<0.001) and the times taken by the 

hemiplegic subjects remained longer (pO.OOl). The researchers suggested that the 

higher demand for time and for corrections to reach the desired behaviour goal by the 

stroke patients was indicative of a lower level of automation by stroke patients. 

Automation of motor control, economy and consistency were lower for all motor tasks; 

thus implying that stroke patients were less skilful than the control group. The retention 

test demonstrated that there were few lasting training effects, suggesting that the training 

improved some aspects of performance but not motor learning.

Saladin et al (1994) explored the effect of different frequencies of feedback pertaining to 

the achievement of target forces using the elbow flexors and extensors in 10 hemiplegic 

subjects. Retention tests demonstrated that subjects receiving feedback on 50% of trials 

had greater motor learning than subjects receiving feedback on 100% of the trials. This 

conclusion is in accordance with the evidence relating to the frequency of feedback and 

the guidance hypothesis derived from studies with healthy subjects.

Hanlon (1996) investigated the effect of blocked and random practice regimes on 

subjects with hemiplegia. 24 subjects (13 with right hemiplegia; 11 with left hemiplegia) 

were randomly assigned to a random practice, blocked practice or control group. A 

series of practice sessions were carried out (except for the control group), followed by 2 

retention tests. The task performed was a 5-step functionally oriented upper limb motor 

task. ITiere was a sW frcant difference between the performance of the subjects 

carrying out random and blocked practice during both of the retention tests (p<0.01). 

However, analysis of the performance during the practice sessions demonstrated that
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there was no significant difference between the random and blocked regimes with respect 

to the rate of acquisition during the practice session. The authors concluded that random 

practice regimes were more effective for the learning of motor tasks (i.e. at retaining the 

task over time) for subjects with hemiplegia. This conclusion is in accordance with the 

research on motor learning for healthy subjects.

In summary; there have been few studies that have investigated the ability of subjects 

with neurological damage to leam new motor skills. The studies that have been carried 

out are limited by the failure to address issues relating to the distinction between 

performance and learning. Further research is required in order to address the question 

of whether subjects with neurological damage have the ability to leam new motor skills.

Motor learning as part of a treatment program

A number of studies have been carried out which have investigated the efficacy of 

treatment interventions for patients with neurological deficits (especially CVA). 

Although the motor learning literature emphasises the importance of both practice and 

the use of feedback for motor learning, the large majority of studies of treatment for 

patients with hemiplegia have principally investigated the use of feedback. The 

following review concentrates on studies specific to the learning of fimctions relating to 

balance by subjects with hemiplegia.

Winstein et al (1989) took measures of COP position and movement, and weight 

distribution, during stance in 40 patients with hemiplegia, before and after a 3-4 week 

treatment period. A further 21 patients then carried out a standing feedback training 

program for 30-45 minutes per day, 5 days per week for 3-4 weeks. The program 

involved receiving visual feedback responding to weight distribution, during training of 

stance, rising to stand, weight shifting and stepping in place. 21 of the initially measured 

control subjects were cross-matched with the 21 intervention group subjects, and their 

data compared. It is implicit that the control subjects carried out a regime of practice 

similar to that of the intervention group but without feedback, although this is not made
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clear. The results demonstrated that the motor performance had improved with 

feedback; with the COP position moving closer to the midline in the post-test by the 

feedback group than by the control group (p<0.05). The failure of the authors to include 

a test of retention prevents the identification of conclusions pertaining to motor learning.

De Weerdt et al (1989) investigated the effect of feedback on standing balance in 

subjects with hemiplegia. De Weerdt et al (1989) used 2 subjects with left hemiplegia in 

an ABAB single-case study design. Each of the 4 phases lasted 1 week, during which the 

subjects attended for 30 minutes of treatment each day. During the A phases the subjects 

received 30 minutes of EMG biofeedback for the arm - this was the control intervention. 

During the B phases the subjects carried out weight transference exercises with feedback 

relating to weight distribution, using the Nottingham Balance Platform (NBP). The mean 

balance coefficient (L/R) for 30 seconds of stance was measured twice during the week 

before intervention started (baseline tests), before and after each daily training session, 

and once per week for 5 weeks after the training (retention tests). The results 

demonstrated that there was no improvement in the balance coefficient before the 

intervention, or during the 1st A phase. In the 1st B phase there were “marked” 

improvements, which were sustained during the subsequent A phase and improved 

slightly during the final B phase. During the retention tests the balance coefficient was 

found to be “reasonably well sustained within normal limits”. Although this study 

appears to suggest that training standing balance with feedback relating to weight 

distribution promotes motor learning, the use of only 2 subjects, the subsequent inability 

to apply statistical tests, and the inability to control for treatment in the weeks following 

the intervention, limit the power of the results.

Sackley et al (1992) and Sackley and Lincoln (1997) also investigated the effect of 

feedback on the improvement of standing balance. Sackley and Lincoln (1997) did not 

state that the results reported were fi’om a previously reported study (Sackley et al, 1992). 

However the subject samples, study design and results are similar in both reports. 26 

patients with hemiplegia were randomised into a group receiving visual feedback relating
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to weight distribution during stance, or to one that received a placebo computer program. 

Subjects attended a 20-minute training session (as part of a 1-hour treatment session) 3 

times per week for 4 weeks. Weight distribution in stance, and motor and ADL function 

were assessed before and after the intervention period; and a retention test was carried 

out 8 weeks after the end of the training. Significant improvements were found in the 

performance of subjects in the feedback group, but not in the control group, between the 

beginning and end of the program. A test of retention demonstrated that the difference 

between the two groups was no longer significant after 8 weeks; this suggests that there 

was no difference in the learning between the two groups. The limitation of this study is 

that all of the subjects were receiving regular physiotherapy treatment and continued to 

do so after the end of the intervention period. The lack of difference at the time of the 

retention test may therefore be due to treatment given to the subjects following the 

intervention period.

Sackley and Baguley (1993) carried out an ABAB single-subject study with two 

hemiplegic patients. Both patients were randomly assigned to receive force-feedback 

pertaining to the symmetry of weight distribution as part of their physiotherapy treatment 

during the either the A or the B phase, and routine physiotherapy without the augmented 

feedback during the other phase. Each phase was carried out for 1 week, with weekly 

assessments of the motor and functional ability and objective measures of the symmetry 

of weight distribution. Retention tests were carried out during the 2 weeks subsequent to 

the treatment phases. The results for both the subjects indicated that the feedback 

training led to improved symmetry of weight distribution and that some of the effects of 

the feedback training were retained in the follow-up assessments. Although this study is 

limited by the inclusion of only 2 subjects, by the lack of information provided pertaining 

to the treatment intervention, and by the possibility of bias by the therapist treating the 

patients, this study does provide evidence that supports the benefits of augmented 

feedback. The design of this study, using an ABAB format Mid a series of retention tests, 

appears to be advantageous to the investigation of motor learning.
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Engardt et al (1993) carried out a study to investigate the effect of auditory force 

feedback during the re-leaming of the maintenance of symmetrical weight distribution 

during rising to stand and sitting down. This study randomly assigned 40 stroke patients 

(1 week to 3 months post CVA) to either a force feedback or a “repetitive training” 

group. Subjects in both groups practised rising to stand and sitting down for 15 minutes, 

3 times per day, 5 days per week for 6 weeks. Subjects in the force feedback group 

received an auditory signal, via a strain gauged force plate, when the weight through the 

affected limb reached or exceeded a target level. Subjects in the repetitive training group 

were instructed to try to achieve equal weight distribution. The mean weight distribution 

during rising to stand and sitting down was recorded before and after the 6-week 

intervention period. The results demonstrated that there was a significant difference 

between the weight distribution before and after training for the force feedback group 

(p<0.001), but not the repetitive training group. However, Engardt et al (1993) failed to 

include any retention test. Thus, although Engardt et al (1993) found a significant 

difference in the weight distribution of the group receiving feedback, and not in the 

practice-only group, the failure to include any tests of retention means that these results 

only refer to motor performance and not to motor learning. Considering the available 

research evidence on motor learning and the optimal parameters of practice and feedback 

for healthy subjects learning new motor tasks, it is surprising that studies such as this one 

(Engardt et al, 1993) fail to acknowledge the available literature on normal motor 

learning. Engardt et al (1993) refer to “repetitive training”, which is analogous with 

practice, as a “control”, without acknowledging that practice has been demonstrated to be 

central to motor learning. Thus the study by Engardt et al (1993) has demonstrated that 

stroke patients receiving feedback on 100% of the trials have an improved performance 

as compared to stroke patients practising without feedback: this finding is consistent with 

the evidence relating to motor learning in healthy subjects.

McRae et al (1994) randomly assigned 30 hemiplegic in-patients to a control or to an 

experimental group. Throughout their hospital stay, the control group received standard 

physiotherapy treatment on 6 days per week, while the experimental group received the
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standard physiotherapy treatment on 3 days per week and received biofeedback aimed at 

improving balance on the other 3 days per week. McRae et al (1994) concluded that the 

biofeedback training resulted in improvements in standing balance and functional 

independence, but no improvement in gait performance. However, a lack of information 

provided pertaining to the study design and assessments limit the ability to draw 

conclusions from this study.

Hocherman et al (1984) and Carr et al (1997) both carried out studies that investigated 

the effects of practice, as opposed to the specific effects of feedback. Hocherman et al 

(1984) carried out a randomised controlled study to investigate the effects of training 

(practice) of standing on a moving platform on aspects of balance in stance. 24 patients 

with hemiplegia, who were 10-21 days post CVA and y/ho were able to maintain stance 

on the moving platform for 2 minutes were recruited. Subjects were randomly assigned 

into a treatment (practice) group (n=13) or a control group (n=ll). Subjects in the 

training group attended two 5-minute training sessions, 5 days a week for 3 weeks. The 

training involved standing on the moving platform; the amount of movement being 

determined by the stability of the subject. The maximum movement amplitude (MMA) 

that subjects could withstand for 2 minutes was measured before and after the 3 weeks of 

training for both the control and training group. The weight distribution between the legs 

was also determined. Analysis demonstrated that the change in the mean MMA between 

the two readings was greater for the training group (p<0.0025). The ratio of the final 

MMA to the initial MMA was also greater for the training group (p<0.05). The authors 

stated that the weight distribution between the legs improved more for the training group 

than the control group; however the level of significance reported did not support this 

claim (p<0.1). This study suggests that practice of a balance task may promote re- 

leaming of that task. However, the failure of the authors to carry out a test of retention 

means that this claim cannot be substantiated. In addition, the low numbers of subjects, 

the short time period since the onset of hemiplegia, the failure to include a placebo 

treatment, and the use of the same equipment for both the treatment and the testing, limit 

the power or these results. Although the authors suggested that this training program
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resulted in changes in weight distribution, the significance level did not support this 

claim: the ability to generalise from this specific training programme must therefore be 

challenged.

Carr et al (1997) explored the effect of a 3 week training program aimed at improving 

biomechanical features of rising to stand in 6 patients with chronic stroke (at least 1 year 

post CVA). The lack of details provided pertaining to the training program prohibit the 

analysis of the program based on the available literature. However the authors 

demonstrated that features of rising to stand improved with training and concluded fi'om 

the pattern of results that the change in performance was due to improvement in timing 

and co-ordination rather than to muscle strengthening. Despite the lack of study details, 

the low number of subjects and the absence of tests of retention, this study does suggest 

that the motor performance of patients with stroke can be improved with training.

These few studies all emphasise the limitations of the research done into motor re- 

leaming following neurological damage. There appears to be a general failure to 

recognise the large body of motor learning literature and to draw on the available 

evidence pertaining to healthy subjects. This failure has resulted in the production of a 

number of studies that have not included tests of retention, which are vital in the research 

of motor learning. Many investigations of feedback have been carried out; however few 

of these studies have made reference to the evidence in the motor learning literature 

pertaining to the “guidance” effect of feedback. The assumption of the majority of 

researchers investigating treatment for patients with neurological damage appears to be 

that 100% feedback will be beneficial to learning. The guidance hypothesis challenges 

this assumption. It is essential that researchers carry out studies of motor learning with 

subjects with neurological damage; however, it is vital that the hypotheses being tested 

by these studies reflect the available motor learning literature.
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4.5.2 Motor re-leaming and motor learning

If the motor learning theories are to be applied to a rehabilitative setting, then the 

theories are to be applied to a subject who requires to re-leam an old skill (e.g. the ability 

to walk) as opposed to learning a new skill. The issue of vdiether the learning of a new 

skill is analogous with the re-leaming of an old skiU has had little discussion in the 

literature. In a review of the physiological mechanisms of recovery, Lee and van 

Donkelaar (1995) stated that

“The learning of new motor skills with an intact CNS and the recovery of 

previously leamed motor skills that have been lost following localised 

damage to the CNS appear to be similar in several respects. In each case, 

the movements are initially highly variable and inaccurate, but with time 

and practice they become much more controlled and precise. The 

underlying neurophysiological modifications responsible for these 

behavioural changes may be the same for motor learning and for recovery 

of motor skills following brain injury.”

However, Lee and van Donkelaar (1995) provided scanty evidence in support of this 

statement, referring to animal experiments that suggest that motor learning involves the 

long term adaptation of synapses within the motor cortex. The authors stated that 

“whether analogous processes underlie recovery of motor fimction following stroke is 

open to speculation”. This review therefore, while addressing the questions relating to 

the possible similarities in the mechanisms of learning and re-leaming following stroke, 

fails to determine a conclusion.

Memories pertaining to the desired movement outcome and expected sensory 

consequences are central to the process of motor control and learning. When learning a 

new motor skill, the learner will have no previous memory representation. In contrast, 

when re-rleaming an old skill, it could be hypothesised that a significant memory 

representation may still exist. However, whether the old memory representation, with a 

representation of the motor programs and pathways previously used to execute the 

movement, is beneficial or detrimental to re-leaming is unknown. Authors have rarely
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addressed the issue regarding relearning as opposed to learning. Mulder (1991) described 

rehabilitation therapy (following spinal cord injury) as “the (re)-acquisition of action 

schemata”. Mulder provided a set of rules pertaining to rehabilitation therapy but does 

not expand on the concept of (re)-leaming versus learning. Similarly, Winstein et al

(1989) referred to balance “retraining”, but did not expound on the issue of re-leaming or 

re-training.

A recent study appears to have provided the first direct experimental evidence that 

addresses issues relating to re-leaming as opposed to learning. Nudo et al (1996) trained 

a number of squirrel monkeys at a skilled motor movement (a hand fimction). Using 

intracortical microstimulation techniques maps of the motor cortex were derived. Focal 

infarcts of the motor cortex hand area were then induced. Five days after the induction, 

the monkeys were restarted on a training program identical to the previous one. The pre

infarct performance level was achieved after 3-4 weeks of training. Repeat mapping of 

the motor cortex demonstrated that the representation of the hand had invaded the 

adjacent areas that had previously represented the elbow and shoulder. An earlier, 

similar, study (Nudo and Millkin, 1996, in Nudo et al, 1996) which had not involved any 

training, found no adaptation to the motor cortex map. These results fi’om animal 

experiments suggest that re-leaming of a motor skill can occur following focal 

neurological damage, through use of a training program. However it is hypothesised that 

the mechanism of relearning, which was demonstrated to involve cortical reorganisation 

(Nudo et al, 1996), cannot involve the same processes as learning a new skill for the first 

time, with an intact neurological system. Thus, while these experiments (Nudo et al, 

1996) demonstrated that re-leaming occurred through re-training, there is no direct 

support for the hypothesis that learning and re-leaming involve the same physiological 

mechanisms.

Further studies of the motor re-leaming ability of both healthy and neurologically 

damaged subjects are essential.
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4.5.3 Motor re-leaming and motor recovery

Motor learning has been demonstrated to be a process reliant on practice and requiring 

active cognitive involvement to compare the desired and the consequent movement. The 

assumption has been made by some rehabilitation therapists (Carr and Shepherd, 1989) 

that rehabilitation involves the re-leaming of skills. Neurophysiological texts generally 

refer to “recovery” following neurological damage. However, the legitimacy of the 

assumption that recovery from neurological damage involves the active re-leaming of 

motor skills, rather than the recoveiy of the pre-injuiy skills, has to be addressed.

Although it is accepted that recovery, sometimes substantial, can occur following damage 

to the CNS, the neurophysiological mechanisms of recovery are not fully comprehended 

(Devor, 1994; Sabatini et al, 1994; Caramia et al, 1997). It is recognised that 

immediately after a CNS injury recoveiy can occur in response to the reduction in 

oedema, the resorption of necrotic material and the improvement in local circulation 

(Bach-y-Rita, 1981b; Chollet et al, 1991; Dombovy, 1991). However the period in \ ^ c h  

these factors can contribute directly to functional recovery are limited (Wall, 1980; Bach- 

y-Rita, 1981b; Dombovy, 1991). Following these initial processes, further recovery is 

thought to occur through stmctural reorganisation of the nervous system (Dombovy and 

Bach-y-Rita, 1988; Dombovy, 1991; Devor, 1994; Good, 1994; Ulis, 1994). The neural 

reorganisation of the central nervous system is referred to as “plasticity”. A number of 

different neurophysiological mechanisms have been proposed to result in plastic changes 

within the nervous system.

Damage to one area of the brain can result in a decrease in neuronal input to areas of the 

brain which were not themselves damaged but Wiich previously received input from the 

damaged area (“diaschisis”) (Dombovy, 1991; Cohen, 1993; Devor, 1994; Good, 1994). 

Diaschisis therefore causes depression of neuronal input and a loss of function in areas of 

the brain other than the damaged area. Parts of the brain generally receive inputs from 

many other areas of the brain. Miyai et al (1997) investigated the functional outcome of 

46 patients with strokes, classifying patients according to the site of the lesion. Patients
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with stroke confined to the basal ganglia were found to have significantly poorer 

functional ability 3 months after stroke. The authors suggested that this was due to 

diaschisis, with many areas of the CNS with neuronal connections with the basal ganglia 

degenerating. However, there is increasing evidence that an adjustment of the relative 

weight of the remaining, intact, inputs to the depressed area may occur and the function 

of that area may be re-established (Devor, 1994; Good, 1994). Thus functional recovery 

may occur through the resolution of diaschisis (Dombovy, 1991; Good, 1994), although 

the ability for this to occur may be dependent on the site of the lesion (Miyai et al, 1997).

Two mechanisms of neural plasticity have been termed sprouting and unmasking (Dlis, 

1994). Sprouting refers to the growth from intact cells toward and into the damaged area 

of the brain in response to a functional demand, after some or all of the normal input to 

that area has been removed (Bach-y-Rita, 1981b). It has been proposed that the ability of 

sprouting to beneficially contribute to motor recovery is limited (Giles and Clark-Wilson,

1993), as adjacent areas of the brain are often responsible for differing tasks and 

sprouting between neighbouring areas may bring inappropriate information to the 

damaged area (Bach-y-Rita, 1981b; Dombovy and Bach-y-Rita, 1988; Dombovy, 1991). 

Dombovy (1991) stated that experimental evidence suggested that “repetitive functional 

demand or training in specific activities” could aid recovery by promoting beneficial 

neuronal sprouting. Unmasking refers to the initiation of use of neural pathways which 

have previously been in existence but not previously used for the new function (Wall, 

1980). It has been demonstrated that when a nerve cell loses its’ original input, these 

nerve cells develop the ability to respond to new inputs which previously had no effect 

(Dombovy and Bach-y-Rita, 1988; Ulis, 1994). Unmasking can occur at any time when 

the input to the nerve cell is altered (Dombovy, 1991; Illis, 1994). Unmasking can 

therefore occur without damage to the neurological system.

A further mechanism of plasticity is the process of neurological substitution. This is a 

process where, if one neural input is lost following a lesion, adjacent parallel neurones 

may be able to readjust and take on the role of the lost function. A number of studies
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have identified that there can be substitution between the hemispheres, where the intact 

hemisphere acts to manage motor and sensory control bilaterally (Bach-y-Rita, 1981a; 

Chollet, 1991; Kawamata et al, 1997). It is not yet known to what extent neurological 

substitution aids in the process of recovery following neurological damage (Seitz and 

Freund, 1997), It has been proposed that the involvement of the process of sensory 

substitution may be dependent on the type and degree of neurological damage, Netz et al 

(1997) found that focal transcranial magnetic stimulation of the unaffected hemisphere 

resulted in ipsilateral motor evoked responses at significantly lower thresholds of 

stimulation for stroke patients with poor recovery than for stroke patients with good 

recovery. This finding supports the hypothesis that plastic changes can occur in the 

hemisphere contralateral to the lesion, and suggests that this may be dependent on the 

degree of neurological damage (Netz et al, 1997). Caramia et al (1997) have also 

recorded ipsilateral motor evoked responses fi’om stroke patients, while these were not 

recorded fi’om healthy subjects. Caramia et al (1997) concurred that the findings 

provided evidence of plastic reorganisation following stroke and were of potential 

interest to the field of rehabilitation following stroke. However the motor recovery of the 

arm in the 13 patients involved in the study was reported to have occurred spontaneously, 

without physiotherapeutic intervention (Caramia et al, 1997). This challenges whether 

physiotherapeutic intervention can effect plastic changes, or whether these changes will 

occur regardless of intervention. *

The plastic changes occurring in response to a CNS lesion appear to happen in direct 

response to the localised area of damage, or decreased synaptic input fi’om the area of 

damage to neuronal cells. Although there is substantial evidence to show that recovery 

fi’om a CNS lesion can occur through plastic changes in the brain, the processes that 

effect or enhance this neural plasticity are not fully understood. The degree to which 

recoveiy of motor functions will occur spontaneously, and the degree to vriiich training 

and active cognitive involvement can assist the process, must therefore be questioned 

(Bach-y-Rita, 1981b). Dombovy (1991) asserts that there is likely to be more than one 

mechanism of neurological recovery. Ulis (1994) suggested that the ability to produce
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plastic changes through the alteration of afferent stimulation from the periphery had 

major implications for the rehabilitation of individuals with neurological deficits. While 

this statement stresses the potential influence of external factors on recovery, it does not 

address whether a patient must be an active participant in the process of recovery or 

whether recovery will occur if the patient is a passive recipient of altered peripheral 

input. However, experimental evidence has led authors to hypothesise that repetitive 

fimctional demand or training in specific activities can influence plastic changes 

(Dombovy and Bach-y-Rita, 1988; Dombovy, 1991). This hypothesis suggests that the 

process of recovery from neurological damage and the process of motor learning may be 

similar, with repetition of a motor task central to the neuronal changes. Following a 

review of the mechanisms of plasticity, Devor (1994) concluded that

“What capacity we do have for fimctional recovery after CNS injury 

appears to be an unintended side-effect of plastic mechanisms designed to 

serve other ends, the most prominent being: (i) neural development; (ii) 

the ongoing calibration of mtemal representations; and (iii) the learning of 

new skills. These are the pillars upon which efforts at rehabilitation need 

to be built, and in these spheres the brain is intrinsically and exquisitely 

labile.”

Thus Devor (1994) is supporting the hypothesis that the processes of recovery following 

neurological damage are intimately involved with the processes of motor learning. This 

leads to the hypothesis that recovery and re-leaming may be comparable in terms of the 

neurophysiological processes involved. Extensive reviews of the experimental evidence 

have led several authors to support this hypothesis (Dobkin, 1993; Lee and van 

Donkelaar, 1995; Rosenzweig and Beimett, 1996; Seitz and Freund, 1997). Further 

research is necessary to investigate these hypotheses.

4.6 Summary and Conclusions

Motor learning is the permanent acquisition of new skills. Practice and feedback are 

fimdamental to motor learning. Substantial research has identified that motor learning
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can be optimised if the parameters of practice and feedback are systematically designed 

and administered as indicated in the literature. It is essential that any future studies of 

motor learning are based on the available evidence pertaining to the optimal learning of 

new motor skills.

Theories and hypotheses of the mechanisms involved in motor learning have been 

proposed, although the details of the neurophysiological processes have not yet been 

established. Studies that have attempted to investigate whether subjects with 

neurological damage maintain the necessary processes to learn new motor skills have 

been inconclusive due to problems with study designs. However, it has been 

demonstrated that individuals with neurological damage can re-leam skills acquired 

before the injury through the processes of practice and feedback. Additionally, evidence 

relating to the mechanisms of recoveiy suggests that recovery may be influenced by 

repetitive functional demand or training in specific activities. This suggests that the 

process of learning a new skill may be comparable to the process of the functional 

recovery of a skill following neurological damage.
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5. Physiotherapy following stroke

5.1 Historical Review

Prior* to the 1940s, physiotherapy for patients with neurological deficits consisted 

primarily of corrective exercises, based on orthopaedic principles, aimed at the re

education of muscles. These techniques were principally based on the observation of 

the problems relating to contraction and relaxation of muscles. Emphasis was placed 

on regaining function by compensating with the unaffected hmbs (Ashbum, 1995; 

Partridge, 1996). Subsequently, the realisation that problems following neurological 

damage were related to the nervous system, and not directly to muscular elements, 

initiated the development of a number of treatment teehniques broadly based on the 

available neurophysiological knowledge (Ashbum, 1995). The physiotherapy 

techniques which emerged during this period included the Bobath approach (Davies, 

1985; Bobath, 1990), the Brunnstrôm approach (Brunnstrôm, 1970), the Rood 

approach (Goff, 1969) and Proprioceptive Neuromuscular Facilitation (PNF)(Knott 

and Voss, 1968). These treatment approaches dominated the rehabilitative scene until 

the 1980s when the lack of evidence for the existing models of treatment, the 

importance of knowledge relating to neuropsychology and motor learning, and the 

potential application of this knowledge to the rehabilitation of individuals with 

movement deficits, was identified (Tumbull, 1982; Anderson and Lough, 1986). At 

this time, a model based on a review of the available knowledge relating to movement 

science was proposed by Carr and Shepherd (1989a). This approach has been named 

the Motor Learning, or Relearning, approach (Carr and Shepherd, 1987, 1989a,b, 

1992).

In an attempt to identify ^&diich of the advocated treatment approaches were being 

used in Sweden for the treatment of patients with stroke, Nilsson and Nordholm 

(1992) carried out a questionnaire study. Questionnaires related to the training of the 

physiotiierapists, die bases for tiieir choice of treatment and any post-qualification 

courses attended were sent to all 213 members of the Neurological section of the 

Swedish Physiotherapy Association: 66% of these were successfully retumed. The 

results showed that 40% of the physiotherapists had been trained in the Bobath
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approach; 26% in PNF; 11% in Brunnstrôm; 4% in Carr and Shepherd; 1% in Davies; 

and 18% had received other training or had been trained in more than one approach. 

A systematic relationship was found between the year of completion of training and 

the method of treatment taught Questions about post-qualification training 

demonstrated that 59% of the physiotherapists had attended some training; comments 

revealed that Bobath courses were seen as the most important technique to learn. 

While this study produced some interesting data, care should be taken in generalising 

these results.

Carr et al (1994) repeated the study carried out by Nilsson and Nordholm (1992) 

using a sample of Australian physiotherapists, and the questionnaires developed by 

Nilsson and Nordholm. All 331 members of the special interest group in neurology in 

Australia were sent questionnaires; 208 (72%) were successfully completed and 

retumed. 40.1% of the respondents had been taught more than one treatment 

approach; over 90% of these physiotherapists had been taught the Bobath approach; 

around 80% PNF and around 40% the Movement science (Carr and Shepherd) 

approach. As in the study of Swedish physiotherapists, a systematic relationship was 

found between the year of completion of training and the treatment method taught. 

Carr et al (1994) found that, in general, PNF treatment dominated in the 1960s and 

the Bobath approach in the 1970s. The Bobath approach was joined by the 

Movement science approach in the 1980s. The two questionnaire studies (Nilsson and 

Nordholm, 1992, and Carr et al, 1994) concurred that the Bobath approach to 

treatment appeared, at that time, to be the most widely used by physiotherapists, with 

the use of the Movement science (Carr and Shepherd) approach increasing since 

1980. Lennon (1996) agreed that the Bobath concept was the most common approach 

to treatment for patients with stroke, stating that the approach had “gained 

international acceptance as one of the leading approaches in stroke rehabilitation”.

Sackley and Lincoln (1996) investigated the treatment approaches for stroke adopted 

by physiotherapists within the Trent Region of the UK, using a questionnaire based on 

the study carried out by Nilsson and Nordholm (1992). 121 senior physiotherapists 

involved in the treatment of patients with stroke received the questionnaire; 91 (75%)
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were completed and returned. 80% of the therapists “always” or “very often” used 

the Bobath Approach; only 4% “always” or “very often” applied motor learning 

principles. The primary reasons given for using the Bobath Approach were related to 

the facilitation and production of “normal movement”, while the Motor Learning 

Approach tended to be used if there was “poor progress with alternative”. The 

therapists following the Bobath Approach were unable to explain the reasons for the 

effectiveness of the approach and none identified the theoretical basis behind the 

approach (Sackley and Lincoln, 1996). The results of the study by Sackley and 

Lincoln (1996) were in agreement with those of Nilsson and Nordholm (1992) and 

Carr et al (1994), concluding that the Bobath Approach was the most widely used 

physiotherapy treatment approach for patients with stroke.

Historically physiotherapists have treated patients using approaches that have not 

been evaluated scientifically. Sackley and Lincoln (1996) highlighted that this has 

become part of the “professional culture” for physiotherapists and proposed that, in 

addition to scientific evaluation of the techniques used in the treatment of patients 

with stroke, a “change in culture” was necessary for the implementation of evidence- 

based practice.

5.2 Bobath Approach to stroke rehabilitation

The Bobath approach was developed by Berta and Karl Bobath; observation and 

practical experience with individuals with neurological damage led to treatment 

techniques that were then related to the available neurophysiological evidence. 

Central to the Bobath concept is the assumption that neurological lesions can result in 

increased tone and reflex activity, through a decrease in the inhibition from the higher 

centres (Bobath, 1990). It is assumed that abnormal tone will result in abnormal 

movement (Bobath, 1990). Techniques involve the manipulation of kinaesthetic and 

tactile input in order to facilitate more normal movement (Davies, 1985; Bobath, 

1990). Treatment based on the Bobath concept therefore involves manual handling 

of the patient by the therapist in an attempt to control the postural tone and allow 

normal patterns of movement to occur (Ashbum, 1995). The patient will be moved 

through specific sequences of movement, which are intended to prepare the patient
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for later fimctional activities (Davies, 1985). In a description of the process of 

rehabilitating a patient using the Bobath approach, Davies (1985) stated:-

“From the beginning the patient, his trunk and extremities, need 

support and must be guided along natural patterns of movement to 

provide him with natural perceptive stimuli. The therapist quickly 

feels the patient perceiving a resistance, recognising it more readily, 

taking over and then learning the practised movement. Finally he will 

reach a point where integration takes place. If we work in natural, 

physiological appropriate movement patterns the patient will learn 

through repetition and will make constant progress.”

Bobath treatments aim to improve the quality of movement on the affected side of the 

body, so that the two sides of the body can work in concordance (Bobath, 1990). 

Based on hypotheses regarding neurophysiological plastic changes in the CNS 

following neurological damage, the Bobaths proposed that plastic changes could be 

influenced, by therapists, through the manipulation of kinaesthetic and tactile input 

(Bobath, 1990). This proposal was based on hypotheses suggesting that intact 

afferent channels were the most important feature for the successful learning of motor 

functions (Davis, 1985). Davies (1985) suggested that it was possible for therapists to 

“unblock” previously unused neural pathways by bombarding them with suitable 

kinaesthetic and tactile information. This kinaesthetic and tactile input can be 

provided by the therapist by manually guiding the patient through patterns of “normal 

movement” (Davies, 1985; Bobath, 1990). It is not made explicit in the approach 

whether other forms of afferent input, in addition to the manually guided movements, 

are purported to assist in the facilitation of normal movement (Lennon, 1996). 

Lennon (1996) identified that there was no evidence to support the use of manual 

guidance to the exclusion of the use of other afferent inputs.

The original treatment methods advocated by the Bobaths were altered following 

increased clinical observation and experience, and led to the proposal of different 

treatment techniques (Bobath, 1990). Bobath (1990) identified that the treatment 

principles changed, but argued that the underlying concept remained unaltered.
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Davies (1985, 1990) also adapted and refined the Bobaths’ original treatment, 

creating a treatment approach “based on the concept o f’ the Bobath approach. 

Nilsson and Nordholm (1992) referred to ‘Davies’ treatment as a separate entity to 

‘Bobath’ treatment; however this distinction is refuted by other authors (Carr et al,

1994). In the American literature the treatment based on the Bobath concept is also 

described as “neurodevelopmental treatment (NDT)” (Lennon, 1996). Wagenaar et al

(1990) described NDT as the “modernised version of Bobath” and suggested that 

NDT was the approach presented by Davies (1985). However, Ashbum (1995) 

observed that the term “neurodevelopmental” was misleading, as the treatment was 

for adults and was not therefore associated with the developmental process. Partridge

(1995) recognised the changes in the techniques of treatment which have been 

advocated over the years, and concluded that “what is practised within the overall 

concept can vary considerably”.

A key feature of the Bobath approach is that there is no prescribed treatment and the 

treatment for each individual patient will be different (Davies, 1985; Bobath, 1990). 

The flexibility within treatments is anticipated as being very large: Bobath (1990) 

emphasised that “there is a great deal of experimentation in good treatment”, 

suggesting that treatment not only differs between patients but will also differ within 

treatment sessions with individual patients. Leimon (1996) identified that the lack of 

standardisation in the treatment based on the Bobath approach created difficulty in 

evaluating the effectiveness of the treatment principles.

Treatment based on the Bobath concept involves a patient being moved through 

“normal” patterns of movement by a therapist (Davis, 1985). Success of this 

treatment is stated to be due to the experience of “normal” movement by the patient 

(Bobath, 1990). Despite the emphasis on manual guidance there is a lack of evidence 

that demonstrates that therapists can successfully facilitate “normal” patterns of 

movement. The ability to provide the sensation of normal movement during a 

facilitated movement is challenged by the results of a study that demonstrated that the 

kinematics of head and trunk movement of 20 healthy children were significantly
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different during induced and self-induced lateral tilt in sitting (Milette and Rine, 

1987).

Additional problems relating to the interpretation of the Bobath approach lie in the 

use of language and terms that are specific to the approach. Lennon (1996) described 

the treatment based on the Bobath approach as requiring handling “via keypoints of 

control”; using “reflex inhibiting patterns”; and voluntary movement occurring 

through the “central postural control mechanism”. The lack of written material 

means that definitions for these parameters are not commonly available. Sackley and 

Lincoln (1996) highlight that although the techniques and concepts related to the 

Bobath approach appear to have changed over time, these techniques have not been 

written down or published. This lack of literature is the principal problem m 

critically reviewing the Bobath approach and the evidence for the purported treatment 

techniques. Descriptive texts of the treatment approach are available (Bobath, 1978, 

1990; Davies, 1985, 1990, 1994); but, as has been previously identified, techniques 

advocated in the earlier texts do not necessarily concur with the techniques described 

in the later texts. Despite the assertion that the Bobath approach is based on 

neurophysiological evidence and theories, the relationship between the treatment 

techniques and the neurophysiology of recovery is not adequately addressed in any 

text. Many of the texts describing treatment principles fail to address the 

neurophysiological basis for the treatment in any detail (Davies, 1990, 1994). Thus, 

although it is firequently assumed that the Bobath approach is based on sound 

scientific observations and theories (Keshner, 1981), there is a paucity of literature to 

support these assumptions. A further problem which is serving to perpetuate the lack 

of literature is that the Bobath approach is generally taught via oral postgraduate 

courses (Lennon, 1996). In addition to the problems directly related to oral 

dissemination, individual interpretations of the approach by the tutor can substantially 

influence the knowledge and beliefs adopted by the therapists attending the course 

(Valvano and Long, 1991). Although it could be argued that the tutors of the 

approach would be ideally situated to address the problems of the lack of literature, 

this has not occurred and it has been alleged that tutors are “reluctant to publish their 

work” (Valvano and Long, 1991).
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One of the few available articles which attempts to address the physiological basis of 

recovery following neurological damage is an exploration of the physiological 

mechanisms involved in the reduction of spasticity (Musa, 1986). Musa (1986) 

reviewed the available theories of spasticity and neurophysiological control of 

movement and attempted to relate these to the techniques purported by 

physiotherapists. Musa (1986) was unable to find any literature vfrich directly 

supported the techniques described by Bobath, yet by creating hypotheses based on 

the neurophysiological evidence was able to suggest:

“that there is sufficient evidence to justify the use of techniques that 

are concerned with the manipulation of peripheral or afferent input to 

retrain normal movement in patients with spasticity (see Bobath, 1980) 

although much more evidence is needed to place the techniques on a 

scientific base”.

The failure of many authors to relate the neurophysiological theories to practice is 

emphasised in a descriptive paper by Borgman and Passarella (1991), which 

attempted to apply the Bobath principles to the nursing care for patients with stroke. 

Although the authors briefly described the “plasticity theory of the brain, the 

unmasking theory and the collateral sprouting theory”, there was a failure to relate the 

neurophysiological theories to the practical principles being described. Borgman and 

Passarella (1991) argued that

“Normal movement is facilitated by Bobath nursing care because the 

neurophysiologic and neurodevelopmental concepts of movement and 

function are understood by the nurse providing care”

However, the evidence cited by Borgman and Passarella does not support this 

argument. Borgman and Passarella (1991) concluded that

“Because the Bobath nursing approach is based on neurophysiologic 

Mid neurodevelopmental theories, there is a theoretical basis for 

research designs”.

However, there is no evidence in the literature that supports this statement. Although 

the neurophysiological basis for the Bobath approach is fi-equently referred to, there is
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a lack of material that relates the neurophysiological evidence to the attested 

treatment techniques. Work is essential to relate the techniques of the Bobath 

approach to sound scientific neurophysiological evidence. Although the Bobath 

approach has been found to be the most widely used approach in the treatment of 

patients with stroke (Nilsson and Nordholm, 1991; Carr et al, 1994; Sackley and 

Lincoln, 1996), it has been recognised that the therapists using the approach tend to 

be unable to identify the scientific rationale for this approach (Sackley and Lincoln, 

1996).

In a review of the Bobath concept, Lennon (1996) recognised that, although the 

neurophysiological theories pertaining to the plasticity of the CNS had been proposed 

as the rationale for the Bobath approach, these theories could also be used to explain 

the majority of other treatment approaches for stroke. The Bobath approach appears 

to have failed to have incorporated scientific theories fi’om fields other than 

neurophysiology, and has not included knowledge fi’om fields such as behavioural 

psychology and theories of motor control and learning (Lennon, 1996). Lennon 

(1996) identified that Bobath therapists have been criticised for not following motor 

learning principles and allowing the patients to practice fimctional tasks outside 

therapy sessions: however Lennon subsequently contended that “proponents of the 

Bobath concept would argue that this is a misinterpretation of the concept.” If such 

misinterpretation is occurring, this can be ascribed to the failure of the proponents of 

the concept to express the approach in a clear and indisputable manner. Lennon

(1996) concluded that

“The major criticisms of the concept are that it relies too much on 

neurophysiology to the detriment of other systems which account for 

movement dysfunction”.

The description of the Bobath approach, which involves the therapist moving the 

patient through patterns of movement, implies that the therapist acts as the problem- 

solver and decision maker, while the patient remains the passive recipient of the 

treatment (Lennon, 1996). This is in direct contradiction with alternative approaches 

that emphasise the importance of active involvement by the patient (Carr and 

Shepherd, 1989). However, although it opposes the written evidence on the
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approach, many proponents of the Bobath concept deny that the patient has a passive 

role during treatment (Lennon, 1996).

In summary; the Bobath approach involves the manual handling of a patient by a 

therapist in order to guide the patient through patterns of normal movement. The 

theory proposed in support of this approach is that the manipulation of afferent input 

can influence plastic changes within the CNS. Treatments based on the Bobath 

concept have varied over the years, and there has been a failure to publish written 

evidence for the approach. More recently the approach has been criticised for the 

failure to incorporate knowledge from scientific fields other than neurophysiology. 

Evaluation and research of this approach, which is purported to be the most 

commonly used approach in the treatment of patients with stroke, is essential. 

However, the ability for evaluation and scientific research remains limited until 

adequate written material and testable hypotheses have been formed.

5.3 Motor Learning approach to stroke rehabiiitahon

The Motor Learning approach was developed following the recognition that the 

treatment approaches for patients with neurological deficits were based on 

neurophysiological and medical theories, and did not encompass the rapidly 

increasing body of knowledge pertaining to the neurosciences (Carr and Shepherd, 

1987). The model of treatment proposed by Carr and Shepherd (1987, 1989a, 1992) 

was developed using a deductive approach, basing the model on scientific evidence, 

using research from all available scientific fields (neurophysiology, medicine, 

biomechanics, behavioural science). The key proposal of the model was that 

individuals with neurological deficits would achieve functional recovery through an 

active process of motor learning. This model of treatment, which is described in 

detail in the literature, has been called the “Motor Relearning Programme” (MRP) 

(Carr and Shepherd, 1987), the Motor Learning Model (Carr and Shepherd, 1989a, 

1990), and the “Movement science” approach (Carr et al, 1994). As in earlier 

treatment approaches, the model has also been described using the name of the 

originators, ‘Carr and Shepherd’ (e.g. Nilsson and Nordholm, 1992). However Carr et 

al (1992) stated that
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“Carr and Shepherd have argued that scientifically based rehabilitation 

should replace the previously dominant person-oriented approaches.

There is, in effect, no Carr and Shepherd treatment approach. They 

have merely provided some leadership in proposing this change”.

This concept will be termed the ‘Motor Learning’ approach in all subsequent sections.

Thorough review of the literature associated with movement science led to a 

knowledge base from which inferences regarding the analysis and training of the 

movement of a disabled individual could be made (Carr and Shepherd, 1989a). 

Review of the scientific literature led to the opinion that

“The unique contribution of physiotherapy to the rehabilitation of

stroke lies potentially in the training of motor control based on an

understanding of the kinematics and kinetics of normal movement, 

motor control processes and motor learning.” (Carr and Shepherd,

1987).

The Motor Learning approach was built upon the assumption that, following

neurological damage, an individual can regain motor control through an active

‘learning process’. It is assumed that the process of motor learning used by a healthy 

individual learning a new motor skill is equivalent to the process of re-leaming a skill 

lost following neurological damage (Carr and Shepherd, 1987, 1989a,b, 1990). The 

scientific process is fimdamental to the Motor Learning approach. The use of the 

approach must involve the initial analysis of the performance of a particular task, and 

the identification of problems or missing components; the training of the selected 

task; and the re-evaluation of the performance of the task after training (Carr and 

Shepherd, 1989a). Treatment based on this approach therefore involves the 

assessment of movement and identification of missing movement components, using 

biomechanical principles, followed by practice of the missing components by the 

patient, using all the principles available in the literature that are related to motor 

learning in healthy subjects.

Carr and Shepherd (1987,1989a, 1990) carried out extensive reviews of the literature 

concerned with motor learning. They then followed a deductive process in order to
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develop a practical application for the theoretical knowledge in the area of motor 

learning. However, the research into motor skill acquisition has primarily focused on 

healthy individuals (Winstein, 1991). Carr and Shepherd chose to apply their 

theoretical application of the motor learning research to individuals who had suffered 

neurological damage, with special reference to stroke. Carr and Shepherd identified 

that the tendency for the motor learning research to concentrate on healthy individuals 

resulted in the inability to conclude whether the research was applicable to 

individuals with neurological deficits. Similarly Winstein (1991) emphasised that the 

“boundaries” of the theories relating to motor learning were not known. Carr and 

Shepherd (1989a) and Winstein (1991) stated that the major assumption of the 

application of the motor learning theories to individuals with neurological deficits 

was the assumption that these individuals retained the ability to leam motor skills 

through practice.

The treatment approach based on the theoretical knowledge concerning motor 

learning is therefore based on an assumption for which there is a lack of evidence. 

Despite the development of a treatment approach based on the scientific literature 

there is still scanty evidence to support the legitimacy of the assumption that 

individuals with neurological damage are able to leam the motor skills which have 

been adversely affected by the neurological damage. Controlled studies of motor 

learning and recovery of individuals with neurological deficits are essential to 

ascertain the legitimacy of the assumption on which the Motor Learning approach is 

reliant.

5.4 Efficacy of different treatment approaches

The majority of treatment approaches for stroke patients, with the exception of the 

Motor Learning approach, have been developed through an inductive process, 

resulting in techniques with a “rather questionable scientific basis” (Illis, 1994). A 

number of studies have been carried out in order to compare the efficacy of these 

different treatment approaches. This section reviews the available studies.
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5.4.1 Amount of treatment

One of the key questions to be asked regarding physiotherapy for patients with stroke 

is whether active rehabilitation promotes greater recoveiy of function than “natural” 

recovery with no intervention. Smith et al (1981) carried out a randomised trial to 

address this question. From a total of 1094 patients admitted to an area hospital over 

a 6-year period, there were 121 (11%) who were discharged from hospital with 

significant motor deficits but healthy enough for intensive rehabilitation. These 121 

subjects, and a further 12 outpatients (who met the same criteria but had not been in

patients) were recruited. After discharge from hospital (or admission into the trial) 

the patients were assessed on their functional ability to execute a number of activities 

of daily living (ADL). The patients were then randomly assigned to an intensive 

rehabilitation group (4 whole days of treatment per week), a conventional 

rehabilitation group (3 half days of treatment per week), or a group receiving no 

rehabilitation. ADL was assessed again at 3, 6 and 12 months after entry into the 

trial. The results demonstrated that there was a significantly greater improvement in 

the ADL score of the patients in the rehabilitation groups than of those in the group 

receiving no rehabilitation, between entry and the assessment after 3 months 

(p<0.01). Between entry and the assessment at 1 year there was a significantly greater 

improvement in the ADL score of the patients in the intensive rehabilitation group 

than in the group receiving no rehabilitation (p<0.05). Smith et al (1981) concluded 

that outpatient rehabilitation was effective in improving the recovery of individuals 

with stroke. The results indicated that intensive therapy was more advantageous, and 

that the beneficial effect was largely achieved in the first 3 months and, although it 

was maintained, did not increase in the following months. The major limitation of 

this study was that the therapists taking the assessment of the ADL score were not 

blind to the treatment group of the subjects; this may have created bias in the 

assessments. Treatment intensity was assumed to be related to the length of time that 

an individual spent at the hospital as an outpatient Data was not provided regarding 

the proportion of time during v/hich. treatment was administered, or regarding the type 

of treatment given. A control group was not included to account for the possible 

beneficial effects of the attendance at a hospital, vdiere positive influences such as 

increased socialisation may have occurred. This study only used 11% of the
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originally identified population: the ability to generalise the results of this study to 

other sections of the population must therefore be questioned. Similarly, the validity 

of using a small number of subjects fi’om another population and including them in 

the study must be challenged. Although this study demonstrated that physiotherapy 

intervention was beneficial, the ability to generalise conclusions fi’om this study to 

other situations is limited.

Smith et al (1982) carried out a randomised controlled trial to investigate the 

beneficial effects of a specialised stroke unit in comparison to a general medical unit. 

Patients presenting with strokes were randomly admitted to either a stroke unit or one 

of 12 medical units. Of the 155 patients admitted to the stroke unit, 125 (81%) 

survived until the follow-up at 60 days after admission. 152 patients were admitted to 

the medical units, and 109 (72%) were alive 60 days after admission. Tests of ADL 

function, mental function, proprioception, motor function and communication were 

carried out at discharge using standardised measurement tools. The results 

demonstrated that significantly more patients admitted to the stroke unit had achieved 

independence in ADL at discharge (p<0.05). 62% from the stroke unit and 45% from 

the medical units were independent at discharge. Although the study results implied 

that stroke units were more beneficial to outcome, and the authors provided data 

pertaining to the amount of therapy sessions received by the patients in the stroke and 

medical units, the authors identified that the results were limited due to potential bias 

in the data collected. The bias occurred as the testers were not blind to the unit which 

the patients had attended. In addition there was a lack of detail available pertaining to 

the specific treatment which subjects received, as the authors considered that the 

obtaining of such information might have influenced the treatment provided. Smith 

et al (1982) concluded that further studies of diflferent therapy approaches were 

required.

A number of studies have compared the outcome of stroke patients admitted to a 

specialised stroke unit with the outcome of stroke patients admitted to generalised 

medical wards. A recent systematic review of the randomised trials of stroke unit 

care has been carried out (Stroke Unit Trialists’ Collaboration, 1997a). This review
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concluded that stroke patients who are admitted to stroke units were less likely to die, 

to remain physically dependent or require long-term institutionalised care (Stroke 

Unit Trialists’ Collaboration, 1997a). Stroke Unit Trialists’ Collaboration (1997a,b) 

identified that the meta-analysis of randomised studies could not prove which features 

of stroke unit care effected the difference in outcome, but speculated that this may be 

related to therapeutic intervention time and strategies. Lincoln et al (1996) carried 

out a study that determined the activities carried out by stroke patients, who were in

patients either on a stroke unit or on a conventional hospital ward. Structured 

observation of 76 randomly selected patients (39 on stroke unit, 37 on general wards) 

demonstrated that patients on the stroke unit had significantly more interaction with 

nurses and therapists than patients on the general wards (p<0.001). It is proposed that 

this may account for some of the differences between outcome of patients firom stroke 

units and general wards (Lincoln et al, 1996). However this study also found that the 

patient contact time with physiotherapists and occupational therapists was extremely 

low, being, on average, 36 minutes / day for patients on the stroke unit. Little 

activity, with no reports of self-practice of motor tasks, was observed out with the 

therapy time (Lincoln et al, 1996). The ability of physiotherapy to have any 

therapeutic effect on recovery after stroke when such a small proportion of a patient’s 

time is spent participating in motor activities must be challenged.

5.4.2 Type of treatment

Stem et al (1970) carried out a study that compared PNF with conventional 

physiotherapy. 62 patients with hemiplegia due to cerebral infarct were randomly 

assigned to one of two treatment groups. The “control” was described as receiving no 

“specialised” intervention; and comprised heat and cold treatment for the shoulder, 

passive movements, and walking training within parallel bars, or with an aid. The 

“special specific therapeutic exercise program” included the same heat, cold and 

passive movement treatment as the control group; but, in addition, this group also 

received exercises based on PNF. Outcome was assessed using measures of mobility, 

strength and fimctional ability. No significant difference was found in the mobility, 

strength or fimctional ability of the patients in the two different treatment groups. 

While this study may have been potentially influential at the time of publication, the 

changes in the types of treatment now advocated by physiotherapists mean that the
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“conventional” treatment investigated would no longer be considered as conventional. 

The standardisation, reliability and validity of the parameters of this study must be 

questioned; however this does not detract from the importance of this study as one of 

the first controlled trials of therapy interventions. The finding that there appeared to 

be no difference in the efficacy of two different treatments highlighted many 

important questions regarding physiotherapy interventions for individuals with 

neurological damage.

Logigian et al (1983) attempted to compare treatments that were based on the 

“traditional (Kendall, Clayton and Coulter) approach” and the “facilitation (Rood, 

Bobath) technique”. Despite the provision of references, this comparison 

immediately invites confusion as the approaches described by Rood and Bobath are 

not analogous. However, the authors stated that:-

“In order to standardly the treatment modalities the OT [occupational 

therapy] staff of 24 were divided into 2 groups, each assigned the task 

of defining the therapeutic exercise techniques. Once a conynsus was 

reached, all OT and PT [physiotherapy] staff were instructed in the 

facilitation and traditional exercise therapies.”

Facilitation was described as focusing on the total body rather than its’ component 

parts, and using the modification of afferent input to encourage movement. The 

traditional approach was defined as the strengthening and developing of motion, and 

the maintenance of passive range of movement 42 stroke patients (less than 7 weeks 

since the onset of hemiplegia) were randomly assigned to either of the treatment 

approaches. Each of the patients received 30 minutes of physiotherapy and 30 

minutes of occupational therapy daily, bayd on the assigned treatment approach. 

The Barthel index and upper extremity muscle strength were assessed on admission 

into the study and on discharge from hospital. A significant improvement was found 

between the pre- and post-tests (p<0.05). No significant difference was found 

between the two treatment groups. However the treatment provided is further 

complicated by allowing the physiotherapists to use facilitation techniques “on the 

lower extremities during gait training activities” regardless of the treatment group to 

which they were assigned. The ability of therapists to only use the technique on the

137



lower limb is in direct contradiction to the earlier assertion that facilitation must focus 

on the whole body rather than on individual body parts. In addition, the ability of the 

therapists to use one technique to the exclusion of the other must be challenged. 

Logigian et al (1983) failed to identify the identity of the assessors: if the therapists 

carrying out the assessments were involved in the treatment of the patients, or knew 

the treatment group to which the patient had been assigned, the assessments may 

contain bias. The authors did acknowledge that the use of only two asyssment tools, 

which could be argued to lack sensitivity, might be responsible for the lack of 

difference in the results.

Dickstein et al (1986) carried out a study designed to compare the effects of 3 specific 

techniques of treatment. 196 hemiplegic patients vAio were referred cony cuti vely to 

a rehabilitation hospital (on average, 16 days after admission to an acute hospital with 

a stroke) were included in the study. 131 patients completed the 6-week program of 

treatment. Each of the patients was randomly assigned to one of 13 physiotherapists. 

Each of the physiotherapists was familiar with ‘conventional’ treatment (training the 

patient to use their unaffected side), PNF and the Bobath approach: refresher courses 

on PNF and the Bobath approach were provided and there were weekly meetings 

between physiotherapists in order to allow discussion regarding the treatment 

approaches. Each of the physiotherapists treated their first 5 patients with 

conventional treatment, the next 5 with PNF and the next 5 with the Bobath approach. 

In each case treatment was administered 5 days per week for 30-45 minutes. Sensory 

functions, the Barthel index, muscle tone, active ROM at the ankle and wrist, and 

ambulatory status were measured every 2 weeks for the 6 week treatment period. 

The results demonstrated that there was no significant difference in the scores for 

sensory function, the Barthel index, muyle tone or active movement at the wrist and 

ankle between the patients in any of the treatment groups, at any of the assessment 

times. The only significant difference found was in the walking ability at 2 and 4 

weeks; less patients receiving Bobath treatment were able to walk at these times 

(p<0.03 and p<0.04 respectively), than were patients in the other groups. However, 

there was no difference before treatment or after 6 weeks of treatment. This study 

suggests that there was little difference in the functional outcome of patients receiving
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treatment based on different treatment approaches. The authors identified that the 

results of the study were limited by the arbitrary choice of 6 weeks of treatment and 

the subjectivity of the measurement scales. In addition the results may be limited by 

bias due to the measurements being taken by the physiotherapists providing the 

treatment. The ability of physiotherapists to provide treatment based solely on one 

theoretical approach, when they are familiar with and have been actively using, other 

treatment approaches must be challenged. The lack of difference between the 

subjects could be hypothesised to be due to an inability by the physiotherapists to 

provide treatment that was specific to one treatment approach.

Lord and HaU (1986) carried out a retrospective study of the effect of different 

rehabilitation approaches on long term outcome. Two rehabilitation centres were 

identified which both used different treatment approaches - one used “traditional 

fimctional retraining (TFR)” and the other “neuromuscular re-education techniques 

(NRT)”. A generalised summary of they  two approaches was provided in table 

form. 19 TFR and 20 NRT subjects, who had all had a stroke more than 8 months 

previously, were identified fi"om a review of the in-patients in the two rehabilitation 

centres. The subjects, or a family member, were then asked to complete a telephone 

questionnaire, Â liich involved the ranking of fimctional skills on a 4-point scale. A 

repeatability study on the responses of 8 participants, over a 2-week period, 

demonstrated a high correlation for each patient (p<0.0001). The authors found that 

there was no significant difference between any of the outcomes except the average 

length of stay in hospital, for the administered treatment. The NRT patients were 

found to spend significantly longer in hospital than the TFR patients (p<0.001). 

However, the authors identified that it cannot be assumed that the difference in the 

length of hospital stay is due to the treatment as there were a number of differences in 

the rehabilitation centres and their approaches. Lord and Hall (1986) propoyd that 

extraneous factors such as the outpatient follow-up facilities could have influenced 

the length of hospital admission. Furthermore, although a repeatability study on the 

questionnaire was performed, this was only carried out on subjects in the TFR group. 

The questionnaire was administered by an occupational therapist to patients in the 

TFR group, and by a physiotherapist to patients in the NRT group. Thus the
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repeatability study only addressed the repeatability of the results gathered for one of 

the groups of patients and not the other. The reliability of the two assessors cannot be 

assumed to be the same. Other problems with this study included the failure of Lord 

and Hall (1986) to provide any references in support of the approaches described, or 

to discuss issues regarding the training and experience of the therapists who provided 

the patient treatment. There were several differences in the treatments provided in 

the different rehabilitation centres, such as the length and number of physiotherapy 

and occupational therapy sessions, which could have influenced the outcome. 

Comparing the functional ability of patients attending different rehabilitation centres 

in this manner does not therefore provide a valid method for the comparison of 

theoretical treatment approaches.

Basmajian et al (1987) attempted to compare the effects of treatment based on the 

Bobath approach with biofeedback using EMG (EMGBF). Basmajian et al (1987) 

randomised 29 patients who met a yries of inclusion criteria, over a 3-year period, 

into a group which received EMGBF for the arm, or a treatment aimed at improving 

arm function based on the Bobath approach. The authors failed to describe the 

Bobath treatment. The EMGBF and the Bobath treatment were both applied by the 

same two physiotherapists. A validated upper extremity functional test, a finger 

oscillation test and an emotional functioning (health belief) assessment were carried 

out. The results demonstrated that the upper extremity function and finger oscillation 

improved over the treatment time (p<0.001), but there was no significant change in 

the health belief model. There was no significant difference between the EMGBF and 

the Bobath approach for the pre or posttest scores. Basmajian et al (1987) concluded 

that:

“EMGBF compared favourably with traditional exercise therapy based 

on Bobath techniques given over the same time periods. Our present 

extended study suggests that the functional recovery following a 

formal behavioural approach (including biofeedback and cognitive 

therapy) is probably equal to, but not superior to, a matched program 

of Bobath-based PT. The results of ‘hands-off versus ‘hands-on’
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therapy in this controlled study of a selected population is impressive 

in that both approaches were clinically effective”.

The asy  ssments carried out may have been biased, due to knowledge of the treatment 

group by the testers or the assessments may not have been sufficiently ynsitive to 

identify changes in ability. However, the improvement of both groups of subjects at 

similar rates does indicate that the approaches are similar in their outcome. As 

Basmajian et al (1987) recognised, it is surprising that two such different approaches 

should have the ability to produce such similar results. Further research is required 

to investigate whether these results are repeatable.

Wagenaar et al (1990) uyd  a single-case study design to compare the relative efficacy 

of the NDT (“modemiyd” Bobath) and Brunnstrôm approaches to treatment. 7 

patients, 5 with right hemiplegia and 2 with left, were included in this ABAB study of 

treatment approach. The NDT approach was defined as being that presented by 

Davies (1985), while the Brunnstrôm approach was as explained by Brunnstrôm 

(1970). Both of the treatment approaches were carried out by the same therapists, 

who had been specially trained and had received a written protocol on the approaches. 

The first treatment provided was alternated for different patients, with each patient 

receiving 5 weeks of treatment in each of the stages of the study. Asyssments were 

carried out weekly, using a number of validated assessment tools. These included 

tests of upper limb function, walking ability, ADL, depressive mood and feelings, and 

neuropsychological factors. The results demonstrated that there were no differences 

between the two treatment approaches for any of the assessments, with the exception 

of 1 of the 7 subjects when the Brunnstrôm approach was found to exert a possible 

intervention effect on some gait parameters (no significance levels were provided). 

The authors argued that this difference might have occurred as a direct result of the 

specific walking training given in the Brunnstrôm approach. The authors concluded 

that there are no clear differences between NDT and Brunnstrôm, although they 

hypothesised that the lack of difference could be due to factors such as the short 

period of the intervention phase. The low number of subjects in this study reduces 

the ability to generaliy from these results.
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Sunderland et al (1992) compared “conventional” therapy with an “enhanced” regime 

that included increased treatment for the hemiplegic arm. 132 in- or out-patients Wio 

were consecutively referred for rehabilitation following stroke, and who met strict 

inclusion criteria, were randomiyd (using a stratified procedure) into either the 

conventional or enhanced therapy groups. The authors stated that the conventional 

therapy was based on the Bobath approach; yet “texts by Bobath and Johnstone” were 

both referred to. The Bobath and Johnstone approaches are generally considered to 

constitute two different therapy approaches. The enhanced therapy group received 

more intensive therapy for the arm, while the amount for the leg was stated to remain 

similar to that given to the conventional group. In addition the authors stated that the 

enhanced therapy group was encouraged to be active rather than passive in their 

treatment, and was encouraged to learn new motor skills, and to practice out of 

therapy sessions. It is not stated how this encouragement was standardised between 

subjects; although subjective reports fi-om patients and therapists suggested that the 

patients in the enhanced therapy group did carry out more exercise out of therapy 

sessions. Subjects were assessed using a “motricity index”. Results demonstrated 

that the enhanced therapy group had greater recovery in arm mobility than the 

conventional therapy group during the first month (p=0.02). However this difference 

was not continued after the first month (fi’om 1-6 months, p>0.02). No difference in 

functional ability, as assessed by the Barthel Index was found at any time during the 

study. The standardisation of the treatment interventions given in this study must be 

questioned. The authors identified that the subjects in the enhanced therapy group 

received more than double the amount of treatment for the arm than did the 

conventional therapy group. This means that any differences in outcome cannot 

legitimately be attributed to the type of treatment, but only to the amount of 

treatment. Sunderland et al (1992) acknowledged this limitation and identified that 

questions regarding the “precise locus of treatment effect” could not be answered. A 

follow up study of 73% of the patients in the trial by Sunderland et al (1992) revealed 

that the differences in outcome between the enhanced therapy group and conventional 

therapy group were not sustained after 1 year (Sunderland et al, 1994). The authors 

concluded that the enhanced therapy group reached a “plateau” in recovery faster than 

the conventional therapy group. The lack of differences after 1 year was therefore
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due to some late improvement in the conventional therapy group and no improvement 

in the enhanced therapy group (Sunderland et al, 1994). Thus this study implies that 

the enhanced treatment did not influence long-term recovery from stroke.

Brunham and Snow (1992) carried out a single-subject design that aimed to compare 

NDT with conventional treatment. NDT was defined as “specific handling 

techniques performed by the physiotherapist aimed at inhibiting abnormal movement 

and tone and facilitating normal postural tone and movement.” Conventional 

treatment was defined as “a combination of several treatment approaches commonly 

used by therapists who are not NDT-certified but are experienced in working with 

neurological conditions”. Despite the definition of conventional treatment referring 

to treatment by therapists without NDT certificates, for this study the same therapist 

carried out both the NDT and the conventional treatment. For the 3 subjects, who had 

various neurological deficits, a problem was identified and a target treatment goal set. 

15 minutes per day were spent treating the identified problem, with the treatment 

approach assigned using blocked randomisation. The patient outcome was assessed 

and scored from videography on each of the 10 treatment days. The authors suggested 

that the results demonstrated that the conventional treatment was more beneficial than 

NDT. However, this study had several limitations, such as the ordering of treatments, 

the effects of the daily randomisation, the effects of the other treatment that the 

subjects were receiving, the subjectivity of the goal setting and outcome 

measurement, and bias associated with the use of only one therapist to apply two 

treatment approaches. This study therefore adds little to the debate concerning the 

efficacy of different treatments, although it emphasises the need for well-designed 

studies.

Richards et al (1993) addressed questions relating to the amount and the type of 

treatment administered to patients with infarcts within the middle cerebral artery. 27 

patients were randomly assigned (using a blocked method, stratified according to 

Barthel scores) to one of three treatment groups. The experimental group received an 

“intensive focussed approach” which was specifically aimed to improve gait. The 

authors stated that the treatment included the use of tilt tables, limb load monitor.
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resisted exercise and the treadmill. Control group ‘A’ received treatment of the same 

intensity as the experimental group, but comprising a “traditional” approach based on 

“neurophysiological techniques and practice”. Control group ‘B’ received the same 

type of treatment as group ‘A’, but at a lower intensity. Motor performance and 

function were assessed by an independent assessor after 6 weeks, 3 months and 6 

months, using a number of standardised tests (Fugl Myer, Barthel, Berg balance scale, 

gait evaluation). No significant difference was found between any of the measured 

parameters, with the exception of gait velocity that was significantly different in the 

experimental group than in either of the control groups, for the 6-week assessment 

(p<0.05). The authors concluded that the difference between the types of therapy was 

more important than the difference between the time of therapy. The ability to draw 

firm conclusions fi’om this study, which identified a significant difference in only one 

parameter, and which was not sustained after the first assessment, must be 

challenged. The authors identified that a larger study would be required before these 

results could be used to influence the treatment of patients.

A prospective randomised study was carried out by Gelber et al (1995) to compare 

‘neurodevelopmental treatment (NDT)’ with ‘traditional functional retraining (TFR)’. 

27 patients who had developed hemiplegia less than 1 month prior to entry into the 

study were randomised into either a NDT or TFR group. Poor descriptions and a 

lack of literature cited regarding the treatments administered are provided by the 

authors; the NDT approach appears to be based on the treatment advocated by the 

early texts of Bobath (1970). The TFR is described as practising functional tasks 

even in the presence of spasticity or abnormal postures (Gelber et al, 1995). A series 

of assessments (functional and / or motor) were carried out at admission, discharge, 6 

months after discharge, and 12 months after discharge. The results demonstrated that 

there were no significant differences (p<0.05) between the two treatment groups for 

any of the assessments at any of the assessment times, with the exception of the gait 

velocity at the time of discharge which was significantly higher in the NDT than the 

TFR group (p=0.04). The difference in gait velocity was not maintained during 

follow-up tests. The authors stated that the therapists involved in administering 

treatment to the patients had received strict guidelines for treatment; however, the
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failure of the authors to provide clarification regarding the precise nature and 

supporting literature for the two treatment approaches limits the ability to draw 

generalised conclusions from this study. The knowledge of the assessors regarding 

the treatment group of the patient may have resulted in bias. In addition, the authors 

did not address issues related to the presence of patients on the same ward, carrying 

out different practice of tasks, as patients assigned to the alternative treatment group. 

The assistance of the nursing staff in any practice of tasks carried out on the ward 

may have also influenced the results. This study illustrates the necessity of defining 

variables and identifying a suitable methodology in order to carry out a comparison of 

different treatment approaches.

These studies have demonstrated some of the difficulties relating to the comparison of 

the efficacy of different types of physiotherapy for patients with stroke. In addition to 

problems related to the identification of the population and sample, and the variation 

within the sample; the identification of reliable, valid and sensitive assessments of 

outcome; the avoidance of tester bias; and problems with study designs, it can be 

difficult to ensure that the type of treatment administered is consistent. This is made 

difficult through the use of inconsistent terminology; for example the use of the terms 

“traditional” and “conventional” to describe different, often poorly defined, treatment 

approaches (Stem et al, 1970; Logigian et al, 1983; Dickstein et al, 1986; Basmajian 

et al, 1987; Lord and Hall, 1990; Brunham and Snow, 1992; Sunderland et al, 1992). 

The difficulty is increased through the lack of details surrounding the practical 

element of many of these approaches. For example, although Basmajian et al (1987) 

stated that the Bobath treatment was as explained in the Bobath text (Bobath, 1978), 

Bobath treatment is not prescriptive and treatment depends on the nature of the 

patients deficits. It is consequently impossible to Itnow whether the treatment being 

administered is either consistent between patients or between physiotherapists, or 

whether it is consistent with the treatment approach described. Problems specifically 

related to the investigation of the Bobath approach are associated with changes that 

have occurred within the approach over a number of years. The techniques and 

theories proposed in some texts (e.g. Bobath, 1978) are not synonymous with the 

techniques and theories described in other texts (e.g. Davies, 1985); yet the approach
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maintains the same name. Wagenaar et al (1990) described the neurodevelopmental 

approach to treatment as a modernised version of the Bobath approach. However, 

which parts of the original Bobath approach have changed and which remain is 

unclear. In order to allow systematic evaluation of physiotherapy techniques, the 

accepted theories and practice of each of the specific treatment approaches must be 

clearly defined and published in an available format.

In a novel paper, Lettinga et al (1997) carried out a qualitative comparison of the 

Bobath and the Brunnstrôm approaches based on an analysis of the content of the 

available texts describing these approaches. Using a methodology based on discourse 

analysis, Lettinga et al (1997) compared the treatments advocated in texts supporting 

the Brunnstrôm approach (Brunnstrôm, 1970, and Sawner and LaVigne, 1992) with 

the texts supporting the Bobath concept (Bobath, 1970, 1978, 1990 and Davies, 1985, 

1990). The authors carried out a systematic analysis of the biomedical vocabularies 

and psychosocial terminology, and the interventions and routines described in the 

texts (Lettinga et al, 1997). The authors acknowledged that the texts in support of the 

different approaches may themselves differ and stated that, where there was 

differences between the Bobath (1978, 1990) texts and the Davies (1985,1990) texts, 

the approach described in the Davies texts was followed. The authors concluded that 

the described approaches were very different, despite the fact that both approaches 

base their treatments on neurological principles. The authors identified that whereas 

the Brunnstrôm approach acknowledged the effect of a patient’s motivation, Bobath 

therapists did not address issues of motivation. In contrast, Lettinga et al (1997) 

proposed that the Brunnstrôm approach was not concerned with a patient’s 

perspective, psyche or social environment, while this was central to the Bobath 

approach. While this novel approach to the comparison of treatment approaches 

contrasts enormously with the quantitative research approach previously adopted in 

the comparison of approaches, it does identify several fundamental and theoretical 

differences between the approaches. While this qualitative methodology cannot assist 

directly in the identification of the efficacy of treatment approaches, discourse 

analysis may potentially be useful in the identification of theoretical differences, 

similarities and contrasts between approaches. However, the lack of available up-to-
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date written descriptions of approaches, such as the Bobath concept, will reduce the 

legitimacy of carrying out qualitative analysis based on written material.

The clearly defined parameters of the Motor Learning approach, which is based on 

available scientific literature, and the assumption that individuals with neurological 

damage will learn in the same manner as healthy subjects, provide a basis on which 

controlled trials can be carried out. Dean and Shepherd (1997) carried out a study 

that aimed to investigate the efficacy of a training program based on the Motor 

Learning approach as compared to a control intervention. 20 subjects, who had 

suffered a stroke less than 12 months previously, were randomly assigned to an 

experimental or a control group. Subjects in both groups were given 10 training 

sessions in their own homes by one of the researchers, over a 2-week period. The 

experimental group carried out a training program that was designed to improve their 

sitting balance. This training comprised a series of reaching tasks, with the researcher 

systematically varying the conditions. The control group carried out a series of 

cognitive-manipulative tasks that involved reaching over very small distance (less 

than 50% of arm length). All subjects were tested before and after the training period. 

The tests comprised 2 seated reaclung tasks and an assessment of rising to stand 

(with ground reaction forces, GRF, under the feet being recorded for both of these 

tasks), and a number of walking and cognitive tasks. The assessor was blind to the 

group that the subject had been in. The results demonstrated that the subjects in the 

experimental group performed significantly better than the control group for the 

reaching tasks at the post test (p<0.01 for the distance reached; p<0.01 for peak GRF 

under affected leg). The experimental groups improved fi'om the pre-test to the post

test (p<0.01) for reaching, while the control group did not. In addition the 

experimental group had a significant increase in the peak GRF through the affected 

leg during rising to stand between the pre- and post-test (p=0.02). There was no 

significant difference in the ability to rise to stand for the control group (p=0.247). 

No differences were found in walking ability; some differences were found for letter 

cancellation cognitive tasks (p=0.002) (Dean and Shepherd, 1997). The authors 

concluded that this study supported the Motor Learning approach to the rehabilitation 

of patients with stroke. Although these study results initially appear to lend
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substantial evidence for the ability of patients to improve their functional ability 

through training based on the Motor Learning approach; caution should be taken in 

interpretation of the study. The study was carried out on a small sample of subjects, 

who were all members of a similar population; this limits the ability to generalise the 

results of this study. The training was carried out by one therapist, who was one of 

the researchers. The relationship between the researcher and the patients, and the 

researcher’s own beliefs in the training programs may have resulted in substantial bias 

in the outcome. In addition, this study must be criticised for not carrying out a 

follow-up test of retention. The motor learning literature emphasises that learning, 

or permanent effects of training, can only be assessed through follow-up tests of 

retention (Schmidt, 1991; Magill, 1993). Dean and Shepherd (1997) have only 

carried out one post-test and, although the period of time between the end of training 

and the test is not made explicit, this test could be argued to reflect the performance 

immediately after the practice sessions and not the degree of permanent change in 

performance.

While the majority of studies of treatment aimed at functional recovery following 

neurological damage have investigated the efficacy of treatment techniques which 

have previously been advocated for clinical use by physiotherapists, Mauritz et al 

(1997) investigated the efficacy of a specially designed treatment approach. Mauritz 

et al (1997) identified that Hesse et al (1993, 1994) had investigated the effect of 4 

weeks of intensive inpatient training, aimed at improving gait symmetry, with 148 

patients (on average 130 days post stroke) and that no improvement in gait symmetry 

parameters occurred. The treatment given to the patients in this study was based on 

the Bobath concept. Mauritz et al (1997) hypothesised that the lack of improvement 

may have been directly linked to the treatment principles. Consequently Mauritz et al 

(1997) proposed that training should emphasise a more functional level of 

locomotion, and that this may be achieved through treadmill training. Seven 

patients with ischaemic infarcts in the territory of the middle cerebral artery were 

treated using an A-B-A single-case design. Each phase lasted for three weeks. 

During the A-phase treatment comprised of treadmill training. Initially the patient 

was partial weight-bearing, with a harness supporting 30% of body weight. This was
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reduced to 0% within 4-15 days. Therapists worked with the patient to achieve a 

normal pattern of gait. During the B-phase treatment was based on the Bobath 

concept. Parameters of gait and functional ambulation ability were assessed once a 

week throughout the trial. The results demonstrated a weekly improvement in gait 

symmetry and functional ambulation during the A phases, with no change in outcome 

during the B phase. Despite a lack of information pertaining to the subjects of the 

study, the treatment interventions, and the results obtained for different subjects; and 

the potential effects of bias from the treating physiotherapists; the results of this study 

appear to demonstrate that the new treatment approach led to better functional 

outcome than the well-established Bobath approach. These results suggest that the 

physiological basis and treatment techniques advocated by the Bobath approach, 

which is the most commonly used approach by physiotherapists (Nilsson and 

Nordholm, 1992; Carr et al, 1994), may not result in optimal functional outcome. 

The beneficial effects of the treadmill training intervention could be hypothesised to 

lend support to the Motor Learning approach, which advocates repetitive training of 

motor tasks. This study appears to be the first to demonstrate that one treatment 

approach is more beneficial than another is. However, the failure by the authors to 

relate the “new” treatment to existing theories of recovery and re-leaming, limits the 

ability to generalise from the results. Further research, with larger sample sizes and 

more clearly defined parameters, is required to investigate the findings of this study.

5.43 Summary and Conclusions

In conclusion, although there is evidence that physiotherapy is more beneficial than 

natural recovery alone (Smith et al, 1981), there is little evidence that any one type of 

treatment is more beneficial to recovery than others (Stem et al, 1970; Logigian et al, 

1983; Dickstein et al, 1986; Lord and Hall, 1986; Basmajian et al, 1987; Wagenaar et 

al, 1990; Gelber et al, 1995). This is supported by Ernst et al (1990) who, following a 

review of physiotherapy treatment for patients with stroke, concluded that “existing 

data suggest that if an optimal physical therapy exists, it has not yet been identified”. 

Controlled clinical trials of physiotherapy interventions are essential if an optimal 

approach to treatment for stroke patients is to be identified. At present the ability to 

carry out controlled trials of different treatment approaches is limited by the poor 

documentation relating to some of the approaches (Ashbum, 1995). This has been
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illustrated to be the situation regarding the Bobath approach (Lennon, 1996). The 

Motor Learning approach is based on scientific theories and subsequently generates 

the production of testable hypotheses (Carr and Shepherd, 1987,1989,1990).

Although there are some fimdamental differences between the treatment approaches 

which have been advocated over the years, common to all of the approaches is the 

aim to improve functional ability and to achieve more normal posture and movement 

(Partridge, 1996). Partridge (1996) also identified that there were other similarities 

between the different treatment approaches, with many of the approaches citing 

similar references, evidence and techniques. A further commonality between the 

different treatments is the lack of scientific evidence in support of the approaches 

(Ashbum, 1995; Partridge, 1996).

Ashbum (1995) identified that the treatments used in the clinical setting may not now 

follow the approaches that are advocated in the literature:-

“The pioneers and their immediate disciples were the purists in 

following treatment principles, but in recent years modifications have 

been made to programmes and greater flexibility has been suggested 

(Kidd et al, 1992, Connolly and Montgomery, 1991). It is therefore 

misleading to believe that most physiotherapists will follow an 

approach in a uniform or purist manner. Most clinicians are selective 

and adapt techniques and procedures according to their clinical 

expertise and knowledge of skills, although they are most likely to 

favour and support one approach.”

This statement is supported by the findings of Nilsson and Nordholm (1992) and Carr 

et al (1994), which demonstrated that clinicians place more value on their clinical 

experience than on the available literature. Good (1994) also concurred that 

therapists integrate components fi’om different approaches into their treatments. In 

this manner, physiotherapy for patients with neurological deficits will continue to be 

adapted and updated through inductive processes. Rather than the perpetual cycle of 

attempting to develop theories based on scientific evidence in order to explain clinical
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observations, there is a necessity to identify and evaluate the currently used 

approaches and base the practical approaches on sound scientific research.

151



6. Rationale for study

6.1 Overview

Stroke can cause severe disability and can lead to an inability to carry out daily 

functional activities. The rehabilitation of patients following stroke causes a significant 

burden on health care resources. A common problem following stroke is the inability to 

maintain or obtain balance during functional activities (Ashbum, 1997). Balance has 

been identified to be a multifactorial concept, which cannot be assessed using any one 

parameter (Berg, 1989; Winter et al, 1990). Assessment of the symmetry of weight 

distribution durmg the maintenance of postures and during movement has been proposed 

to be an appropriate method for the assessment of aspects of balance in patients with 

stroke (e.g. Murray and Peterson, 1973; Bohannon and Larkin, 1985; Sackley and 

Lincoln, 1991; Nichols et al, 1995). Following stroke, patients have problems 

specifically related to the ability to achieve symmetrical weight distribution during sitting 

(Carr and Shepherd, 1989a; Bobath, 1990), standing (e.g. Bohannon and Waldron, 1991; 

Sackley, 1991) and rising to stand and sitting down (e.g. Engardt and Olsson, 1992; 

Durward, 1994). In addition, patients with stroke have problems of movement relating to 

the control of the COP within the BOS during weight-shifting activities such as reaching 

(e.g. Murray et al, 1975; Dettman et al, 1987; Bullock-Saxton et al, 1991).

Assessments of symmetry of weight distribution and weight-shifting must be executed 

using objective measurement systems which have been demonstrated to provide valid and 

reliable results. Such a system has been developed at Queen Margaret College, 

Edinburgh (Durward, 1994). Durward (1994) has used this system to assess the 

symmetry of weight distribution during rising to stand, standing and sitting down. This 

system has the potential to be adapted to allow the objective measurement of the 

symmetry of weight distribution during sitting, and the assessment of the ability to 

transfer weight in sitting. This system is therefore suitable for the objective assessment 

of the symmetry of weight distribution during sitting, standing, rising to stand and sitting 

down, and the ability to transfer weight during reaching out to the side from a sitting
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position. The ability to quantify these parameters accurately provides a novel and 

valuable ability to assess the recovery of patients with stroke during rehabilitation, and to 

compare aspects of balance in stroke patients with the balance ability of healthy subjects.

There are several different treatment approaches advocated for the rehabilitation for 

patients with stroke. At present there is no experimental evidence to indicate that any 

one treatment is more beneficial to another (Ernst, 1990; Ashbum, 1995; Partridge, 

1996). The majority of the treatment approaches are based on neurophysiological 

evidence (Ashbum, 1995). The Bobath approach, based on theories of neuroplasticity, is 

the most commonly used physiotherapy approach for the treatment of patients with stroke 

(Nilsson and Nordholm, 1991; Carr et al, 1993; Lennon, 1996; Sackley and Lincoln, 

1996). Scientific evaluation of the Bobath concept is limited due to the lack of available 

written material (Lennon, 1996). Although used less than the Bobath approach, use of 

the Motor Learning approach has increased since the 1980s (Nilsson and Nordholm, 

1991; Carr et al, 1993). The Motor Learning approach is based on scientific evidence 

from a number of different disciplines (Carr and Shepherd, 1987, 1989a, 1992). The 

Motor Learning approach is based on the assumption that individuals with neurological 

damage following stroke will releam functional activities in the same manner as a 

healthy individual will leam a new motor skill (Carr and Shepherd, 1987, 1989a, 1992). 

Evidence relating to motor learning in healthy subjects demonstrates that skills are leamt 

through practice and repetition of the skill under varied conditions, with the provision of 

appropriate feedback (Schmidt, 1991; Magill, 1993). The evidence pertaining to optimal 

practice and feedback conditions has been obtained through neuropsychological 

orientated research. However, there is substantial neurophysiological evidence to 

suggest that practice of a motor task can effect long term plastic changes within the 

central nervous system (Kandel and Schwartz, 1985; Gilman and Newman, 1992; 

Dobkin, 1993; Nolte, 1993; Lee and van Donkelaar, 1995; Bear et al, 1996; Rosenzweig 

and Bennett, 1996; Seitz and Freund, 1997). It has been proposed that tiie 

neurophysiological processes of motor learning are similar to the process of recovery 

following neurological damage (Dobkin, 1993; Devor, 1994; Lee and van Donkelaar,
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1995; Rosenzweig and Bennett, 1996; Seitz and Freund, 1997). This therefore supports 

the proposal by Carr and Shepherd (1987, 1989a, 1992) that functional activities lost 

following stroke can be recovered through practice and repetition, using training regimes 

based on the evidence for the optimal learning of new motor skills.

6.2 Research aims

6.2.1 General research aims

The aim of this study was to investigate the ability of patients with stroke to regain a 

functional activity through the practice of that activity, when the practice was based on 

the evidence for optimal motor learning. Following stroke, many patients have problems 

with aspects of balance during the maintenance of postures and during movement. 

Problems include an inability to maintain symmetrical weight distribution during sitting, 

standing, rising to stand and sitting down, and an inability to weight-shift during sitting. 

The aim of this study was therefore to assess the ability of patients with stroke to perform 

these functions, and to investigate the effect of practice on the functional ability. Since it 

has been suggested that training in sitting balance, using reaching to encourage weight 

transference, may result in improvements in the ability to perform rising to stand with 

symmetrical weight distribution (Dean and Shepherd, 1997) the aim of this study was to 

implement a training regime aimed at improving balance in sitting. The evidence 

pertaining to specificity and transference of training fails to prove A^ether the training of 

a task such as sitting will result in changes in associated tasks. Assessments of the 

symmetry of weight distribution during standing, rising to stand and sitting down, and a 

validated functional index (the Barthel Index) in addition to assessments directly relating 

to balance in sitting will allow questions regarding specificity and transference of 

training to be addressed. The motor learning literature emphasises the importance of 

tests of retention in order to assess the permanent learning effect of a training regime: it 

is therefore essential to include follow-up assessments of outcome, in addition to 

assessments of performance during the period of training.
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6.2.2 Specific research aims

• To investigate the pattern of recovery of symmetry of weight distribution during 

sitting, standing, rising to stand and sitting down, and the ability to transfer weight 

during reaching out to the side from a sitting position, in patients with recently 

acquired stroke.

• To investigate the effect of a programme aimed at improving sitting balance, 

comprising of practice sessions based on the evidence for the optimal acquisition of 

new motor skills (as advocated by the Motor Learning approach), in patients with 

recently acquired stroke.

6.3 Research Objectives

1) To confirm the validity and reliability of the measurement system developed by 

Durward (1994) for use in the objective assessment of symmetry of weight 

distribution during sitting, standing, rising to stand and sitting down, and weight 

transference during reaching out to the side from a sitting position.

2) To use the measurement system developed by Durward (1994) to obtain normal data 

sets for the measurement of symmetry of weight distribution during sitting, standing, 

rising to stand and sitting down, and weight transference during reaching out to the 

side from a sitting position from a sample of young healthy subjects and a sample of 

elderly healthy subjects.

3) To develop a regime of practice aimed at the restoration of symmetry of sitting and 

the improvement of the ability to control weight shifting during sitting, based on the 

literature pertaining to the Motor Learning approach.

4) To conduct a randomised trial to investigate the recovery of symmetry of weight 

distribution during sitting, standing, rising to stand and sitting down, and weight 

transference during reaching out to the side from a sitting position in a group of 

patients with recently acquired stroke receiving standard physiotherapy (based on the

155



Bobath concept), and a group of patients with recently acquired stroke receiving 

standard physiotherapy plus an additional regime of practice (based on the Motor 

Learning approach).

5) To investigate the profile of recovery of symmetry of weight distribution during 

sitting, standing, rising to stand and sitting down, and weight transference during 

reaching out to the side from a sitting position in the two groups and hence determine 

the effect of practice sessions based on the literature pertaining to the optimal 

acquisition of new motor skills (as advocated by the Motor Learning approach).

6) To discuss, based on the data collected, methods of assessment of functional ability 

for patients with stroke, and to comment on disability and recovery following stroke 

and during in-patient rehabilitation.

6.4 Hypotheses

6,4.1 Healthy Subjects

A. Young and elderly healthy subjects demonstrate symmetrical weight distribution 

during sitting, standing, rising to stand, and sitting down.

B. Young and elderly healthy subjects demonstrate a consistent pattern of weight 

transference during reaching out to the side from a sitting position.

C There is no relationship between the age, weight, height or gender of the subjects and 

the objective measurements of symmetry of weight distribution during sitting, 

standing, rising to stand, and sitting down, and weight transference during reaching 

out to the side from a sitting position.
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6.4.2 Subjects with recently acquired stroke

D. The symmetry of weight distribution during sitting, standing, rising to stand, and 

sitting down, ând the weight transference during reaching out to the side from a sitting 

position, of subjects with recently acquired stroke is different from that of young and 

elderly healthy subjects.

E. The symmetry of weight distribution during sitting, standing, rising to stand, and 

sitting down, and the weight transference during reaching out to the side from a sitting 

position, of subjects with recently acquired stroke will become more similar to that of 

young and elderly healdiy subjects, over a period of 7 weeks during which standard 

physiotherapy (based on the Bobath concept) is administered.

F. There are relationships between the symmetry of weight distribution during sitting, 

standing, rising to stand, and sitting down, and the weight transference during 

reaching out to the side from a sitting position in individual patients with recently 

acquired stroke.

G. There is a relationship between the functional recovery, as assessed using the Barthel 

index, of patients with recently acquired stroke and the symmetry of weight 

distribution during sitting, standing, rising to stand, and sitting down, and the weight 

transference during reaching out to the side from a sitting position

6.4.3 Effect of regime of practice aimed at improving sitting balance

H. Patients with recently acquired stroke receiving standard physiotherapy (based on the 

Bobath concept) plus an additional regime of practice (based on the Motor Learning 

approach) aimed at improving sitting balance have greater recovery of symmetry of 

weight distribution during sitting, standing, rising to stand and sitting down, and 

weight transference during reaching out to the side from a sitting position than 

patients with recently acquired stroke receiving standard physiotherapy (based on the 

Bobath concept).
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I. The difference in recovery of the symmetry of weight distribution during sitting, 

standing, rising to stand and sitting down, and weight transference during reaching out 

to the side from a sitting position, between patients with recently acquired stroke 

receiving standard physiotherapy (based on the Bobath concept) plus an additional 

regime of practice (based on the Motor Learning approach) and patients with recently 

acquired stroke receiving standard physiotherapy (based on the Bobath concept) is 

maintained during tests of retention for up to 2 weeks following the cessation of the 

additional regime of practice.
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7. Experimental design

In order to meet the study aims and Objectives and to test the formulated hypotheses, 

objective measurements of posture and movement were collected from healthy subjects, 

and a randomised controlled trial was carried out to investigate the effects of independent 

practice in patients with recently acquired stroke. This chapter outlines the experimental 

design of the randomised controlled trial, and identifies the populations and samples 

included in the study. The subsequent chapters describe the measurement system 

(chapter 8) and details of the methodology, including the testing protocol and design of 

the regime of independent practice (chapter 9).

7.1 Randomised controiied triai

A blocked randomised controlled design was selected to test the effectiveness of the 

independent practice regime. Patients meeting the inclusion criteria were randomly 

assigned, using blocked randomisation techniques, to either the Normal Physiotherapy 

Group or to the Practice Regime Group. The maximum number of practice group 

subjects that could attend the practice session on any one day was limited due to the 

available resources. Thus, in order to increase the power of the study, and to include a 

maximum number of patients in the study, the patients were assigned to the normal 

treatment and practice regime groups with a ratio of 2:1. Immediately after consent and 

randomisation all subjects had a series of baseline measurements of balance (as outlined 

in the testing protocol). Thereafter all subjects had the testing procedure repeated weekly 

for a further 6 weeks (or until the subject was discharged home or a medical problem 

intervened). Subjects in the practice regime group attended training sessions on 5 days 

per week, commencing on the day after the baseline measurements of balance and 

continuing for 4 weeks. During these training sessions the developed practice regime 

(see section 9.2) was followed. All subjects continued to attend for their standard 

physiotherapy treatment, which was based on the Bobath approach. If patients were 

discharged from hospital they were also discharged from the clinical trial. The design of 

the randomised trial is illustrated in Figure 7.1.
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oes patient meet selection criten

Does the patient consent?

Random Blocked Assignment Procedure

(A) Normal Physiotherapy Group

Receive standard physiotherapy 
based on the Bobath concept

Weekly objective measurements of 
symmetry of weight distribution

(B) Practice Regime Group

Attend a daily (Monday-Friday) 1 
hour practice session and follow 

practice regime for 4 weeks

no

Receive standard physiotherapy 
based on the Bobath concept

Weekly objective measurements of 
symmetry of weight distribution

Has subject attended 20 practice 
sessions?

Stop practice regime, continue normal 
physiotherapy

no

Has subject been in trial for 
6 weeks?

Figure 7.1 Experimental design



In addition to the objective measurements of balance the following information was 

recorded:-

• Personal details - age, sex, side of hemiplegia, nature and classification of stroke 

(Bamford et al, 1991), past medical history, factors relating to their present 

admission etc. - gathered fi-om the patients’ notes.

• Validated fimctional scores (Barthel Index and rising to stand section of Motor 

Assessment Scale) - recorded weekly by the nursing and physiotherapy staff.

• The number and length of time of physiotherapy treatments - gathered from the 

statistical information recorded by the physiotherapists.

7.2 Healthy subject population and sample

• 20 volunteers firom each of the following populations were tested:-

(i) Healthy students aged 18-30 years, at Queen Margaret College, Edinburgh. 

This was a similar age group to that used in many studies of symmetry of stance.

(ii)Healthy subjects aged over 60 years who were members of an "over 50's" 

exercise group held at the physiotherapy department of the Western General 

Hospital, Edinburgh. This group was similar in age to the hemiplegic subjects 

included in the clinical trial.

• The subjects tested comprised a sample of convenience, recruited after being asked 

to volunteer to take part in the study.

• Exclusion criteria included any known musculoskeletal, neurological, or vestibular 

deficits and the consumption of alcohol within 24 hours prior to testing.

• Ethical approval was granted firom the Queen Margaret College Ethics Committee 

and the Lothian ‘Healthy Subjects’ Ethics Sub-Committee. All subjects were 

requested to read an information sheet and sign a consent form (see Appendix G) 

prior to inclusion in the study.

7.3 Patient population and sample

The literature did not indicate if particular criteria were necessary for patients to 

undertake independent practice. No similar research was available to suggest which
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patients might benefit, and which patients might not benefit fi’om undertaking 

independent practice. There was no literature available that indicated which, if any, 

neurological deficits contraindicated independent practice. Hence the following 

inclusion criteria were applied:-

• In-patient at the Western General Hospital, Edinburgh, with diagnosed stroke, 

admitted during 1997.

• Attending regular physiotherapy sessions at the physiotherapy gym.

• Cerebrovascular accident, as diagnosed by the medical staff at the Western 

General Hospital, within 6 weeks prior to inclusion.

• Able to understand the nature of the study and give informed consent.

• Achieved one minute of sitting balance, as assessed by the patient’s 

physiotherapist.

• Not yet achieved 10 independent steps, as assessed by the patient’s 

physiotherapist.

• No known disabilities, pathology, or neurological deficit which affected mobility, 

prior to the current hospital admission.

A written sheet was given to all subjects detailing the nature of the trial and the 

process involved (Appendix H). Further verbal clarification was offered, to the 

patients or their relatives, and an independent medical practitioner was also available 

for advice. Three days later, written consent (or witnessed consent if patients were 

unable to write) was requested from each subject (Appendix H). The consent form 

stated:

• that they understood the nature of the trial and consented to participating as a 

subject;

• that they could withdraw fi'om the trial at any stage without penalty or 

disapproval;

• that they might be withdrawn from the trial at any stage by the researcher, senior 

physiotherapist or medical consultant from the Stroke Unit at the Western General 

Hospital.
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• that should any potential medical problems be observed during the study, these 

would be reported to the medical or nursing staff on the Stroke Unit.

During the 10 months in which subjects were recruited (February 1997 until 

November 1997) 33 patients met the inclusion criteria. Of these 33 patients, 5 

refused to take part in the study, leaving a total of 28 patients who were recruited into 

the study. The inclusion criteria resulted in the exclusion of patients with receptive 

communication problems: this resulted in the recruitment of fewer subjects with right 

hemiplegia than subjects with left hemiplegia (17 left / I I  right). The inclusion 

criteria excluded a number of patients with strokes classified as TACI, as one minute 

of sitting balance was not achieved within 6 weeks of the cerebrovascular accident 

Many patients with milder strokes were also excluded, as they were able to perform 

10 independent steps on the first physiotherapy assessment within the physiotherapy 

gym. Additionally a number of patients were excluded due to previous disabilities 

resulting in impaired mobility. This group included patients with amputations, visual 

impairment, mental impairment and other neurological disorders.

Ethical approval was granted for this study by the Lothian Medical Ethics Committee.
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8. Measurement System

8.1 Description of the measurement system

8.1.1 Overview of the measurement system

The measurement system was designed at Queen Margaret College, Edinburgh 

(Durward, 1994). The system comprised a standard chair with four-section force 

platforms, placed within the seat of the chair and under the feet, which were each 

capable of measuring vertical forces. The armrests of the chair were modified to 

enable the measurement of vertical forces delivered by the hands and arms. A switch 

attached to the backrest served to identify A ether a force was applied against the 

backrest. Thus this system measured vertical forces from ischial, thigfr, heel, forefoot 

and arm sections on the left and right sides. Additionally there was a remote hand

held switch for operator-controlled event marking.

Each of the 10 force measuring sections were attached through wires to a bank of 

strain gauged amplifiers. The amplified outputs from the force measuring sections 

and the signals from the backrest and operator-controlled switches were converted to 

digital form using a multi-charmel, 12 bit external analogue to digital converter. The 

resulting signals were interfaced to a computer terminal. The measurement system is 

illustrated in Figure 8.1 - Figure 8.4. Details of the force measuring sections and 

electronic equipment are provided in Appendix B.

A standard upright chair (Figure 8.3) was used. The original seat was removed and a 

baseplate was mounted within the iframework of the chair. Four force transducers 

were mounted on to the baseplate. Each of the 4 individual force-measuring sections 

was 0.19m wide and 0.17m long. These were positioned to be level with the anterior 

edge of the baseplate and centred within the lateral plane. The baseplate was 0.48m 

wide by 0.43m deep. A foam wedge was attached to the surface of each force 

measuring section. The foam was wedged shaped to prevent the foam sections 

touching one another when compressed. A vinyl upholstery cover was placed over 

the foam wedges and seat of the chair; this gave the chair a '"normal” appearance, and 

provided a waterproof protection for the measurement sections. Figure 8.3 illustrates
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the seat with the foam wedges in place; Figure 8.4 illustrates the system without the 

foam wedges and Figure 8.2 illustrates the system with the upholstery cover on the 

seat.

The chair was mounted on a low platform (0.05m high). This prevented movement of 

the chair during human motion. Within the platform was a moveable carriage 

containing a baseplate on which was mounted four individual force measuring 

sections. These sections were identical to the sections within the seat of the chair. 

The moveable carriage allowed adjustment of the position of the foot measuring 

sections according to a subject’s leg length and preferred foot placement. The 

carriage was secured on a running track by means of a sliding bolt that allowed 

fixation within 1cm increments. The running track remained in the centre of the width 

of the platform.

operator controlled 
switch (event marker)

10 strain 
gauge 

amplifiers

Com puter
output

Analogue to 
digital converter

back rest 
Kswitch 2 strain 

gauged arm 
kests

Standard chair 
mounted on 

platform

4 strain 
gauged seat 

sections
4 strain gauged 

foot sections

Figure 8.1 Schematic overview of the measurement system

165



quipment trolley
Figure 8.2 The
measurement
system

Upholstery 
covering backrest 

switch

Foam wedges 
on seat o f chair

Strain gauged 
measurement 
sections (seat)

Strain gauged 
measurement 
sections (feet)

Figure 8.3 The 
chair and 
platform. 
Anterior view.

Strain gauged |
armrest.

Strain gauged 
measurement sections 
(seat). Foam wedges 

removed

Moveable carriage and 
running track fo r ,  

changing foot plate 
position

I  Figure 8.4 The 
I chair and platform. 

Lateral view.



8.2 System Calibration Checks

8.2.1 Introduction

Accuracy refers to the systematic differences between the “reference” (true) and 

measured values. This can be considered as a systematic error (Allard et al, 1995). 

Precision refers to the repeatability with which a measured value can be obtained, and 

can be considered as a random error (Allard et al, 1995). In order to ensure that the 

measurement system was suitable for the proposed use it was necessary to identify the 

accuracy and precision of the system. In addition it was necessary to investigate the 

response o f the system to directional and positional changes in application of force, 

and the effect of external factors on the system output.

8.2.2 Data Analysis

Data analysis was carried out by obtaining a number o f statistical derivations from the 

recorded output. These included calculations of the standard error of the estimate, 

residuals, mean, standard deviation, range and measures of agreement (percentage 

close agreement).

The standard error of the estimate is a statistic that reflects the accuracy of a 

regression equation. The standard error of the estimate represents the average 

deviation of the differences between the predicted values on the regression line and 

the measured values (assuming Gaussian distribution). Two standard errors o f the 

estimate above and below the regression line include 95% of all systematic errors. 

The residual of a point is a measure o f the difference between that individual 

measured point, and the predicted point on the regression line, along the y-axis. The 

maximum absolute residual therefore represents the maximum difference between any 

measured and predicted point. A low standard error of the estimate with a 

comparatively high maximum residual therefore suggests that there are a small 

number of measured points that differ from the predicted line. A standard error of the 

estimate with a comparatively similar maximum residual is suggestive of a similar 

trend throughout the measuring range. The lower the standard error of the estimate 

and the maximum residual the higher the degree o f accuracy. The accuracy of the 

calibration of the measurement system can therefore be reflected using the standard
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error of the estimate and the maximum residual, in combination with the equation of 

the predicted line.

The degree of precision can be assessed using the standard deviation and the range of 

a repeated set of measurements. The standard deviation provides a measure of the 

average deviation of a measured value from the mean measured value. The range 

provides a measure o f the maximum deviation that occurs between a repeated set of 

measurements (assuming Gaussian distribution). 95% of the measured values will fall 

within 2 standard deviations of the mean value. A low standard deviation with a 

comparatively high range therefore suggests that there are a number of outliers in the 

measured values. A standard deviation with a comparatively similar range is 

suggestive of few outlying points. The lower the standard deviation and the range the 

higher the degree o f precision. When a series of data is collected continuously over a 

period of time, the differences between the repeated measures can be explored by 

observing the frequency distribution of the measured values. The agreement between 

a set of repeated measurements can be assessed by calculating the percentage close 

agreement (PGA). This statistic reports the maximum difference between repeated 

measures that would enclose a specified percentage of the repeated measurements. In 

this investigation, the PGA was determined for percentage agreements of 80%, 95% 

and 100%. The PGA assesses the agreement between each of the individual repeated 

measures, while the standard deviation assesses the difference between each measure 

and the mean. The precision of the calibration of the measurement system can 

therefore be reflected using the mean, standard deviation and range of the repeated 

measures, in combination with the use of frequency distribution tables or charts, and 

values o f the PGA.

8.2.3 Accuracy and calibration

In order to check the accuracy of the output from each measurement section, data was 

recorded from each section during loading and unloading. Vertical forces of up to 

800N were sequentially applied and removed from each of the foot and seat sections. 

This maximum force was selected as it represented more than the average weight of a 

typical male. Vertical forces of up to 200N were sequentially applied and removed 

from each of the arm sections; this maximum force was selected as this represents 

more than the maximum recorded value o f 22% of body weight placed through the
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anus by subjects with hemiplegia during rising to stand (Durward, 1994). Since 

Durward (1994) suggested that subjects with hemiplegia might apply an upward force 

on the arm section during rising to stand, it was also necessary to determine the 

accuracy of the response when an “upward” force is applied. A pulley system 

allowed loads of up to lOON to be sequentially applied and removed. The output from 

each section was recorded (Figure 8.5, Figure 8.6 and Figure 8.7), and the regression 

equations determined (Table 8.1). The regression equations and plotted lines illustrate 

that the response of the system to loading and unloading was linear and demonstrated 

no hysteresis. The mean gradient for all measurement sections was 4.10 computer 

units. 95% of the residuals around the mean regression line were within 0.40% of the 

applied load, suggesting a high degree of accuracy. For all further data recording the 

gradient of 4.10 computer units was therefore used to convert the data into units of 

force (newtons).

SECTION LOADING UNLOADING
LEFT HEEL Y = 4.10X + 386.7 Y = 4.10X + 388.0

LEFT FOREFOOT Y = 4.09X + 387.1 Y = 4.09X + 387.6
RIGHT FOREFOOT Y = 4.12X + 389.3 Y = 4.13X + 390,4

RIGHT HEEL Y = 4.09X + 391.3 Y = 4.10X + 389.9
LEFT ISCHIUM Y = 4.10X + 404.1 Y = 4.10X + 407.8

LEFT THIGH Y = 4.09X+404.3 Y = 4.09X + 409.8
RIGHT THIGH Y = 4.08X + 402.5 Y = 4.09X + 400.1

RIGHT ISCHIUM Y = 4.10X4-403 .0 Y = 4.09X + 414.6
RIGHT ARMREST Y = 4.1 OX+ 400.8 Y = 4.09X + 402.1
LEFT ARMREST Y = 4.09X + 401,2 Y = 4.10X + 401.3

Table 8.1 Regression equations for loading and unloading of force sections
[X = force applied in newtons, Y = system output during application o f force ]
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Figure 8.5 Regression lines derived from loading and unloading a foot section.

Figure 8.6 Regression lines derived from loading and unloading a seat section.

I

Force Applied

Figure 8.7 Regression lines derived from loading and unloading an armrest.
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8.2.4 Precision and the effects of system noise

In order to identify the precision o f the measuring system it was necessary to 

detennine the effects of noise within the system on the computer output. The 

frequency of data collection most commonly used for studies o f human performance 

is 50Hz. As this system was designed for the investigation o f human performance, 

this was the frequency used in this experiment and in all subsequent experiments, 

unless otherwise stated. Two seconds of system output was recorded during the 

applications of loads of 0, 20, 40, 60 and 80kg on the four foot and four seat sections, 

and 0, 4,8, 12, 16 and 20kg on the arm sections. Examples of the response and the 

noise at certain levels are given for a heel section (Figure 8.8 - Figure 8.10), a thigh 

section (Figure 8.11 - Figure 8.13) and an ann section (Figure 8.14 - Figure 8.16). 

The distribution o f the noise was normal indicating that the system noise was random. 

The maximum standard deviation of system noise was approximately TON (Table 8.2 

and Table 8.3). Thus 95% of the measured output was within 2N of the mean 

recorded value.

mass
Left
heel

Left
forefoot

Right
forefoot

Right
heel

Left
ischium

Left
thigh

Right
thigh

Right
ischium

0kg 0.82 0.64 0.80 0.73 0.85 0.76 1.01 0.89
20kg 0.70 0.74 0.80 0.76 0.74 0.80 0 .96 0.69
40kg 0.69 0.70 0.71 0.72 0.67 0.83 1.05 0.72
60kg 0.81 0.73 0.74 0.79 0.73 0.70 0.72 0.73
80kg 0.76 0.70 0.68 0.75 0.73 0.76 0.97 0.74

Table 8.2 Standard deviations of 2 seconds of output from foot and seat sections 
(N).

mass Right arm Left arm
0kg 0.62 0 .55
4kg 0.54 0.54
8kg 0.49 0 .49
12kg 0.51 0.43
16kg 0.55 0.44
20kg 0.53 0.53

Table 8.3 Standard deviations of 2 seconds of output from arm sections (N).
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Figure 8.8 System output from foot section over 2 seconds during application of 
different loads.
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Figure 8.9 Variation in system output from foot section over 2 seconds 
unloaded.
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Figure 8.10 Variation in system output from foot section over 2 seconds -loaded
with 40 kg.
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Figure 8.11 System output from seat section over 2 seconds during application of 
different loads.
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Figure 8.12 Variation in system output from seat section over 2 seconds -  loaded 
with 20kg.
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Figure 8.13 Variation in system output from seat section over 2 seconds -  loaded
with 80kg.
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Figure 8.14 System output from arm section over 2 seconds during application 
of different loads.
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Figure 8.15 Variation in system output from arm section over 2 seconds -  loaded 
with 4kg.

3

2 5

2

Î .  1.6
g£
I  0.5g

0I
-0.6

1.5

-2

■25
-3

Time (s)

Figure 8.16 Variation in system output from arm section over 2 seconds -  loaded
with 16kg.
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8.2.5 Precision and system stability 

Effect of warm up time on system response

To identify the effect of warm up time on the system response, the mean system 

output from each section of the unloaded measurement system was recorded every 10 

minutes for 3 hours. The system was re-zeroed every hour as subject test sessions 

were not anticipated to be longer than one hour. The standard deviation and range of 

output from the hour of data collection was larger than that from the 2"  ̂ or 3̂  ̂

hours, for all measurement sections (Table 8.4 and Table 8.5). The maximum error 

was approximately 1 IN in the first hour; was less than 3N in the 2"  ̂ hour and less 

than 1.5N in the 3"̂  ̂ hour. It was concluded that the system output from all sections 

during the first hour after switching the system on was less stable than the system 

output during the 2̂ ^̂  and 3'̂ '̂  hours after switch on. For all subsequent experiments 

the power was switched on at least one hour prior to data collection.

1 St hour 2nd hour 3rd hour
Left heel 3 2 8 0.41 0.18

Left forefoot 2.41 0.20 0.37
Right forefoot 4.03 0.44 0.17

Right heel 1.90 0.31 0.42
Left ischium 0.80 0.84 0.50

Left thigh 0.77 0.63 0.31
Right thigh 0.76 0 5 9 0.48

Right ischium 0.79 0.60 0 3 9
Right arm 3.53 0.90 0.28
Left arm 3.48 0.84 0.13

1 St hour 2nd hour 3rd hour
Left heel 9 0 2 0.98 0.49

Left forefoot 6 5 9 0.49 1.22
Right forefoot 11.22 122 0.49

Right heel 5.37 0.73 1.22
Left ischium 2.20 2.44 1.46

Left thigh 2 2 0 1.71 0.98
Right thigh 1.95 1.71 1.46

Right ischium 2.44 1.71 0 9 8
Right arm 10.00 2 6 8 0.73
Left arm 10.00 2.44 0.24

Table 8.4 Standard deviations of Table 8.5 Range of system output
system output during hour periods (N) during hour periods (N).

Drift with time

The measurement of human performance requires the continuous measurement of 

data. To investigate the stability of the system output during continuous data 

collection, data was recorded from all force sections for 40 minutes. To allow the 

system to record for this maximum length of time the frequency of sampling was 

reduced to 0.5Hz. The drift was investigated with each section unloaded and loaded 

with 20kg. The standard deviation of the system output from each section over the 40 

minute period (Table 8.6) was similar to the values determined during the
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investigation of system noise (section 8.2.4). 95% of the output over the 40 minute 

period was within 2.25N of the mean output. The distribution of the data collected 

was normal, indicating that there was no systematic drift over time.

Mass Left left right right left left right right right left
applied heel forefoot forefoot heel ischium thigh thigh ischium arm arm

0kg 0 83 0.8 0 92 0.87 0.84 0 86 1.08 0 8 6 0.57 0 60
20kg 0.87 0 8 9 0 96 0.87 0 8 9 1.12 0 88 1.07 0.51 0.61

Table 8.6 Standard deviation of system output (N) over 40 minute period.

8.2.6 Reliability

Although previous experiments demonstrated that the measurement system had a 

linear response to vertical force, it was necessary to ensure that this finding was 

repeatable at different time periods. External factors, such as temperature, electrical 

interference, and the procedure of manually adjusting the baseline (zero) amplification 

level could have potentially affected the reliability of the system output.

Intra-test session reliability

Loads of 0, 10 and 20kg were applied and removed 10 times in succession to each of 

the four foot and four seat sections. Loads of 0, 5 and 10kg were repeatedly applied 

and removed 10 times from the armrests. The mean system output (mean of 1 second 

of data collection) was recorded from the relevant measurement section following the 

application o f each load. The difference between each o f the 10 mean system outputs 

for the application o f each of the 3 loads was determined for each measurement 

section. Calculation o f PGA demonstrated that 80% of the repeated tests of loading 

with the 3 loads had less than 4.75N difference, 95% of the repeated tests had less 

than 8.75N difference, and 100% of the repeated tests had less than 10.5N difference 

(see Table 8.7). The results for the loading and unloading of the sections were 

similar. The small degree of difference between the repeated measures demonstrates 

that there was high intra-test session reliability.
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80% 95% 100%
left heel 2.75 8 10.5

left forefoot 2.75 8.75 10
right forefoot 3 5 7

right heel 4.75 6 8
left ischium 3 7 11

left thigh 3 5 9
right thigh 4 6 9

right ischium 4 7 12
right arm 1.75 2.75 3.75
left arm 1.25 2.75 3.5

Table 8.7 The differences between 
output (N) likely to occur for different 
values of PCA during 10 repeated loads 
of 3 different magnitudes to each 
measurement section.

Inter-test session reliability

In order to mimic the expected time interval between test sessions, data was collected 

twice per day (morning and afternoon) for 5 consecutive days. Initial data collection 

was taken from each measurement section with each section unloaded and with each 

of the foot and seat sections loaded with 20kg and with each of the arm sections 

loaded with 10kg. This data collection revealed that the values for the PCA were 

greater when the force sections were loaded. This finding demonstrated the need to 

explore the reliability across the full measuring range. Since all the measurement 

sections had had similar responses during the initial experiment, the subsequent 

investigation was carried out with data from one seat, one foot and one arm section 

only. Each of these sections were loaded and unloaded and the mean system output 

recorded, as in the tests of accuracy (section 8.2.3). This was repeated twice per day 

(morning and afternoon) for 5 consecutive days. The plotting of regression lines and 

calculation of regression equations confirmed that there was a linear response from 

each section at each test session (Figure 8.17, Figure 8.18 and Figure 8.19). 

Calculation of the PCA demonstrated that the value of the PCA did increase as the 

applied load increased (Table 8.8 and Table 8.9). However, when the PCA was 

expressed as a percentage of the applied load, the percentage of the PCA decreased as 

the applied load increased. 95% of the difference between test session results were 

less than 3.8% of the applied load to the foot and seat sections, and less than 10.2% of 

the applied load to the arm section. This is equivalent to a difference of 3.75N 

between the repeated tests on the foot and seat sections, and 2.DON between the 

repeated tests on the arm section.

177



2800

1600

200 300 500 600 8000 100

*M ON AM 
oM O N PM  
» TUE AM 
xT U E P M  
* W E D  AM 
o W ED PM 
+ THUR AM 
-TH U R  PM 
-F R I  AM 
• FRI PM

Fofce Applied (N)

Figure 8.17 Regression lines from different test sessions -  foot section.
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Figure 8.18 Regression lines during different test sessions -  seat section.
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Figure 8.19 Regression lines during different test sessions -  arm section.
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Mass
(kg)

80% 95% 100% 95% 
PCA as 

% o f  
load

0 1.25 2 3 -

10 2 25 3.75 525 3 8294
20 275 4.5 6 25 22?%
30 3.5 6 25 8 75 2 12%
40 4 7.5 10 1.9194
50 4.75 8 75 11.75 1.78%
60 5 8.75 11.25 1.49%
70 5T5 9.5 12 1.3894
80 5 75 10 11.5 127%

Table 8.8 The differences in 
output (N) likely to occur for 
different values of PCA during 
increasing load applications on 
foot and seat sections during 
different test sessions.

Mass
(kg)

80% 95% 100% 9^% PC A
as % of 

load
0 1.5 1,5 1.75 -

2 C5 2 225 10.19%
4 2 2.5 2.75 637%
6 2 2 ^  325 467%
8 2 2:%  325 3 5094
10 2 5  3 2 5  3 ^ 3.31%
12 2.5 5 5  325 297%
14 2.75 3.75 3.75 2.73%
16 3 3.75 4 2 3 ?%
18 3 2 5  4 4 2 5 227%
20 5 2 5  4 4 5 2.04%

Table 8.9 The differences in output (N) 
likely to occur for different values of 
PCA during increasing load 
applications on arm section during 
different tests sessions.

8.2.7 Point of application

Since the point of application o f a force during the measurement of human 

performance could occur at any point on the individual sections, it was necessary to 

determine the precision of the output at different points across each section.

Foot and seat sections

A load of 20kg was placed through a small object (radius approximately 0.005m) to 9 

points spread in a rectangular grid over the surface of each section. The points were 

spread evenly, with 8 points 0.02m from the edge of the section and the 9^ point in 

the centre of the section. The mean system output (mean of 1 second of data 

collection) was recorded with the load on each point o f application. A systematic 

difference in system output was found across each force section (Table 8.10). The 

maximum 95% agreement level for the differences in output across one section was 

10.5N (Table 8.11). 10.5N is equivalent to approximately 5.4% of the applied load. 

Thus, variations in the point of application, could potentially lead to systematic errors 

o f up to 5.4% of the applied load, when the centre of pressure o f the applied force was 

at the extreme of the section.
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Table 8.10 Difference between each of the 9 points of application on each foot 
and seat section and the mean output for that section (N).

80% 95% 100%
left heel 6.00 9.50 11.5

left forefoot 2.25 3 25 4.00
right forefoot 8.75 10.50 12.5

right heel 3.75 4.75 5.75
left ischium 3.25 5.50 6 2 5

left thigh 5.75 825 9 0 0
right thigh 4.25 6.25 6 2 5

right ischium 2.00 3 25 3 25

Table 8.11 Difference in output (N) likely to occur for different values of PCA 
during application of load to 9 point on each measurement section.

Arm sections

Durward (1994) reported a systematic error in the system output when increasing 

loads were applied to the armrests. In order to investigate this finding, and the effects 

o f the point of application along the arm rests, it was necessary to record the output 

during the loading and unloading of the arm sections at different intervals along their 

length. Loads o f 0 to 20kg were sequentially loaded and unloaded, in 2kg stages, to 

the front, middle and back of the arm sections. The mean system output (mean of 1 

second of data collection) was recorded for each load applied. This confirmed that 

there was a decrease in the gradient o f the line of best fit towards the middle and rear 

of both arm sections (Figure 8.20 and Figure 8.21). The response of the arm rests to 

the loading and unloading was similar. The use of the mean gradient (4.10) to convert
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data from computer units to newtons, when the vertical force is applied to the rear of 

the arm rests could introduce errors o f up to approximately 14.3N during the 

maximum expected load o f 20kg. This is equivalent to approximately 7.3% of the 

applied load, when the centre of pressure of the applied force was at the extreme of 

the section.
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Figure 8.20 Lines of best fit during the loading of different point on the right 
arm rest.
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Figure 8.21 Lines of best fit during the loading of different point on the left arm 
rest.
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8.2.8 Horizontal forces

As the measurement system was to be used for the measurement of dynamic 

movement it was possible that horizontal forces would be applied to the measurement 

sections. It was necessary to investigate the effects o f the application o f horizontal 

forces, to determine whether they caused any change to the system output. The 

magnitude o f horizontal forces that could potentially occur when a subject sits, stands, 

rises to stand or sits down were difficult to predict. However studies of human 

walking have found that horizontal forces under the feet may be up to 25% of body 

weight (Paul, 1997). Therefore, a pulley system was used to apply sequentially 

increasing horizontal loads of up to 20kg to one o f the foot and one of the seat 

sections. The applications o f horizontal forces to the foot and seat sections did not 

appear to result in a systematic response from the output (Figure 8.22). The equations 

of the line of best fit through the recorded points demonstrated gradients very close to 

zero (Table 8.12). The standard error of the estimate and maximum residual were 

both low, indicating that there was little change in system output with the application 

of forces along the horizontal plane. It can therefore be concluded that the application 

of a horizontal force to these measurement sections has a negligible effect on system 

output.

Equation o f line o f Standard error o f Maximum residual 
best fit the estimate (N) (N)

Foot section - Fx Y = 0.008X 0.52 0.97
Foot section - Fy Y = 0.001X 0.45 0.93
Seat section - Fx Y = 0.003X 0.51 0 86
Seat section - Fy Y = -0.004X 0.51 0.56

Table 8.12 Equation of line of best fit, standard error of the estimate and 
maximum residual for system output during application of increasing loads in 
the horizontal plane.
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Figure 8.22 System output during application of horizontal forces to seat section.

8.2.9 Moments

Similar to the application o f horizontal force, it would be possible for a subject to 

apply turning moments around the centre of each measuring section. It was therefore 

necessary to investigate whether application of turning moments would affect the 

system output. The turning moment generated under the feet during human walking 

is approximately 20Nm (Paul, 1997). The system output was tested with the 

application of turning moments of up to 20Nm around the x-, y- and z-axes of the 

force plate. Force couples were used to provide pure turning moments, on one foot 

and one seat section. The mean system output (mean of 1 second of data collection) 

was recorded with each sequential increase to the turning moment. As the applied 

turning moments were increased the error in system output was also found to increase 

(Figure 8.23 and Figure 8.24). For turning moments around the x- and y-axes, turning 

moments of 20Nm were found to cause errors of up to 8.5N. A turning moment of 

the same magnitude around the z-axis was found to cause errors of up to 23N. 

Although this indicated a potentially large source of error, and it was necessary to be 

aware o f this, turning moments of the magnitude explored in this investigation were 

unlikely to occur in the proposed measurement regime. The activities of sitting, 

standing, rising to stand and sitting down are activities which are performed in the 

midline and should therefore not involve the production of large turning moments. In 

the activity of reaching the majority of the subject’s weight will pass through the 

chair, and will not be passing through a specific small area at which a large turning
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moment could be created. In this investigation pure turning moments were applied 

using a system of string and pulleys, and although human subjects could potentially 

create a turning moment, it is unlikely to be of the same magnitude.
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Figure 8.23 System output during the application of pure turing moments 
around the x-axis (mx) and y-axis (my) of a foot section.
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Figure 8.24 System output during the application of pure turing moments 
around the z-axis (mz) to a foot and a seat section.
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8.2.10 Dependence of system output

Since the measurement sections all work in close proximity it was necessary to 

determine whether the system output from each individual section was independent 

from the other sections.

Dependence of force sections

A load o f 20kg was placed on to one o f the measurement sections. Data collection 

was started prior to the application of the load and continued for approximately 5 

seconds after the application. This allowed for the identification of the influence of 

the load both during and after application. During the application of the load to the 

foot sections the output from all the other sections was investigated. However, the 

nature of the measurement system made it impossible for the investigator to apply the 

load to the seat and the arm sections without standing on the foot sections. Therefore 

during the application of the load to the seat and arm sections the output from the 

adjacent seat and arm sections was investigated, but not the output from the feet 

sections. The mean and standard deviation of output from each of the sections before, 

during, and after the application of each load were determined. The results 

demonstrated that the change in mean system output from the measurement sections 

during and after the application of a 20kg load to any one of the adjacent sections was 

under 2N (Figure 8.25, Figure 8.26 and Figure 8.27). Changes of this magnitude can 

be attributed to system noise. The standard deviation o f the system noise from the 

measurement sections did not change by more than IN between the initial 2-second 

period and the 2 seconds during or after the application of the load. This indicates 

that 95% of the system output will not vary more than 2N from the mean. This 

change can therefore also be attributed to random system noise. In conclusion, there 

was no dependence o f the force measurement sections on the load applied to adjacent 

sections.
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Figure 8.25 System output from measurement sections before, during and after 
the application of a load to the left heel section.
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Figure 8.26 System output from seat and arm sections before, during and after 
the application of a load to the right ischial section.
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Figure 8.27 System output from seat and arm sections before, during and after 
the application of a load to the right arm section.
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Effect of seat upholstery on dependency

The seat sections had a series of foam wedges and a vinyl cover which were utilised 

when the system was used with human subjects. The foam wedges were designed to 

ensure that they were unable to touch the adjacent sections when compressed. 

However, the vinyl cover loosely covered all the wedges and was therefore assessed 

to be a potential source of interference between the system output of the four seat 

sections. The effect o f applying loads to one side of the seat on the output of the 

adjacent sections, with the upholstery in place, was therefore investigated. The 

upholstery made it impossible to apply known loads to individual seat sections: the 

effects of loading the right side (right ischium + right thigh) on the system output 

from left side (left ischium + left thigh) was explored. The right side of the seat was 

sequentially loaded, up to 80kg, and the mean system output (mean of 1 second of 

data collection) was recorded from the left side. This was repeated with the left side 

unloaded and loaded with 10kg and 20kg. The results illustrated that there was a 

systematic increase in output from the left side as the load on the right side was 

sequentially increased (Figure 8.28). This increase was not dependent on the 

magnitude o f the load applied to the left side. The maximum increase in output from 

the left side was approximately 5.5N, when a load of 80kg was applied to the right 

side (Table 8.13). The increase in system output from the left side was a maximum of 

1.0% of the load applied to the right side (Table 8.14). In conclusion; the use of the 

upholstery can potentially result in errors in the system output from the sections 

adjacent to the loaded section o f approximately 1% of the load on the loaded sections.

Mass
applied

0kg load 10kg
load

20kg
load

0kg 0.00 0.00 0.00
20kg 1.44 1.67 2.02
40kg 2.54 2.91 2.52
60kg 4.22 3 78 3 63
80kg 5.21 5.50 4.99

Table 8.13 Difference in system 
output from left seat sections 
during loading of right seat 
sections, with static loads 
applied to left side, taking 
output when right side unloaded 
as baseline (N).

Mass
applied

0kg load 10kg
load

20kg
load

20kg 0.73% 0.85% 1.03%
40kg 0.65% 0.74% 0.64%
60kg 0.72% 0.64% 0.62%
80kg 0.66% 0.70% 0.64%

Table 8.14 Difference in system output 
from left seat section expressed as 
percentage of load applied to right seat.
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Figure 8.28 System output from the left seat sections during the loading of the right 
seat sections, with static loads applied to the left side (N).

8.2.11 Dynamic response

During studies of human movement there is the potential for a sudden dynamic force to be 

applied to the measurement system. It was therefore necessary to investigate the response 

of the measurement system to a sudden dynamic force. A lOKg mass was attached to a 

spring. The spring was positioned so that the mass just hit the selected measurement 

section when released from the shortened position. The mass was held at the position 

where the spring was shortened, and was then released. After it had hit the measurement 

section once, the mass was removed so that it was unable to hit the measurement section 

again. During this procedure data was recorded from all measurement sections and 

continued for approximately 5 seconds following the release o f the mass. This procedure 

was carried out with the dynamic load applied to one foot and one seat section. A sudden 

peak in system output occurred in the section to which the dynamic load was applied 

(Figure 8.29 and Figure 8.30). The maximum output from the left heel section was 

approximately 3 IN, and the maximum output from the left thigh section was 

approximately 73N. The differences in the maximum output from these sections was 

likely to be directly related to the subjective element of the application of the load, rather 

than from errors in output. The system output from these two sections continued with a 

smaller negative peak (trough), and some oscillation around the zero point. This 

oscillation was observed to be damped in a very short time period (less than 0.03s). Some 

vibration also occurred in the surrounding force sections. In the seat sections a small
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amount of oscillation was observed to initiate immediately after the onset of the load to the 

left thigh section. The oscillations from the left ischial, right thigh and right ischial 

sections had a range o f approximately 18N, 33N and 17N respectively. The oscillations 

from these measurement sections were observed to be damped in a similar period of time 

to the oscillations in the left thigh section. In the feet sections the magnitude of the 

oscillations in the left forefoot, right forefoot and right heel sections were observed to have 

ranges of approximately 52N, 27N and 52N respectively. The range of output from the left 

heel section was approximately 40N. Comparing this with the results from the seat section 

it can be observed that the adjacent sections in the foot sections had a greater response than 

the adjacent sections in the seat sections. The differences between the response to a 

dynamic force by the foot and seat sections can be hypothesised to be directly related to 

the construction of the system. The seat sections are suspended on a frame consisting of 4 

metal legs, which will act to dissipate the dynamic force quickly. The foot sections are 

mounted within a wooden case, placed on the floor, which is less able to dissipate the 

vibrations that therefore dissipate through the adjacent sections. However, regardless of 

the method of dissipation of the dynamic load, both sections demonstrated that they were 

highly damped, and all oscillations ceased after a very short period of time (less than 0.3s). 

Such rapid changes in force are unlikely to occur in the measurements of human 

movement and the tests indicate that the response of the system can effectively monitor the 

slower changes in force occurring during functional activity.
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Figure 8.29 System output in response to application of dynamic load (feet section).
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Figure 8.30 System output in response to application of dynamic load (feet section). 

8.2.12 External Vibration

As the subject measurements were to be taken in a busy physiotherapy gym, it was 

necessary to explore the influence of external vibration from the surrounding environment 

on the system output. System output was recorded as specific activities were carried out 

within the gym. These activities included the movement of wheelchairs in and out of the 

gym; staff walking around the gym; and the movement of treatment plinths within the 

gym. Data was collected from each of the unloaded sections. Examples o f the data 

collected are given in Figure 8.31 - Figure 8.34. The maximum standard deviation of the 

system output from any of the measurement sections during all of the periods o f potential 

external vibration, was a maximum of 0.89N. This indicated that, even during periods of 

activity in the gym, 95% of the system output was within 1.8N of the mean. In the earlier 

experiment into system noise (section 8.2.4), it was concluded that 95% of the system 

output was within 2N of the mean. Thus the system output collected during periods of 

activity in the gym does not appear to be affected by external noise (vibration). It is 

therefore concluded that activity in the gym (external vibration) does not affect the 

accuracy of the system.
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Figure 8.31 System output during subject walking around measurement system 
seat sections.
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Figure 8.32 System output during subject walking around measurement system 
feet sections.
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Figure 8.33 System output during wheelchair being pushed past measurement 
system -  seat sections.

——  left thigh
 right thigh

right ischium§

•10

•15

Figure 8.34 System output while back rest of chair pushed -  seat sections.

8.3 Analysis of objective data

Having ascertained the accuracy and precision of the measurement system, it was 

necessary to define the method with which objective measurements of human posture and 

movement would be analysed.

8.3.1 Symmetry index

The measurement system recorded the vertical force through 10 measurement sections, 

sampling at 50Hz. For the purpose of this study, where the aim was to investigate the 

symmetry o f weight distribution during posture and movement, the force data was
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converted into an index of symmetry. In the review of literature it was determined that 

many indices o f symmetry can be inappropriate (chapter 3). An index that was found to be 

appropriate for the assessment of the symmetry of weight distribution was identified in 

section 3.5.2. This index was:

For healthy subjects:-

Symmetry Index, SI = (weight on left - weight on right)
(weight on left + weight on right)

Or, in the case of hemiplegic subjects:-

_  (weight on unaffected side - weight on affected side)
Symmetry Index, SI -  on unaffected side + weight on affected side)

This symmetry index was calculated using the sum of the vertical forces from the left and 

right sides of the measurement system.

. (LH+LF+LI+LT+LA) -  (RH+RF+RI+RT+RA)
(LH+LF+LI+LT+LA) + (RH+RF+RI+RT+RA)

Where :-

LH = force through left heel section (N) RH = force through right heel section (N)
LF = force through left forefoot section (N) RF = force through right forefoot section (N)
LI = force through left ischium section (N) RI = force through right ischium section (N) 
LT = force through left thigh section (N) RT = force through right thigh section (N)
LA = force through left arm rest (N) RA = force through right arm rest (N)

All recorded force data was converted into the symmetry index.
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This index provided a continuous scale from -1 to 1, with 0 representing symmetrical 

weight distribution. This index served as a simple representation of the symmetry of 

weight distribution, and could easily be converted into measures of the percentage of body 

weight borne through either side o f the body. The formulae for converting the symmetry 

index into values of the percentage of body weight through either side are illustrated in 

Figure 8.35.

(D P

<U .go jc
03 cm

100% 100%

87.5% 12.5%

75%

62.5% 37.5%

37.5% 62.5%

12.5% 87.5%

100% 100%

|̂lî
I - |i

e | |
, ï  a

I l |

Symmetrical
weight
distribution

S ’'

-S.

lii
* Percentage difference in body weight between the sides = SI x 100%

** Percentage of body weight on left side (healthy subjects) or unaffected side (hemiplegic 

subjects) = [0.5 + (SF2)] x 100%

*** Percentage of body weight on right side (healthy subjects) or affected side (hemiplegic 

subjects) = [0.5 -  (SI/2)] x 100%

Figure 8.35 Conversion of values of the symmetry index into percentage body weight 
between the sides and percentage body weight on each side.
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For the measurement of the functional tasks, data was collected over continuous periods of 

time. Analysis of the variation in the data over time would provide a representation of the 

changes in the symmetry of weight distribution over time. During the maintenance of a 

posture, changes in symmetry over time have been argued to represent postural sway 

(Black et al, 1982; Ring et al, 1988; De Weerdt et al, 1989; Ekdahl et al, 1989; Sackley, 

1990, 1991; Sackley and Lincoln, 1991). However, the aim of this study was primarily to 

investigate the symmetry of weight distribution, rather than postural sway. Subsequently, 

data analysis was limited to the exploration of the symmetry of weight distribution and 

investigation of changes in the symmetry index over time as a result of postural sway was 

not carried out.

8.3.2 Analysis of different types of functional tasks

Objective measurements o f sitting, standing, rising to stand, sitting down, reaching to the 

same side and reaching across to the opposite side were carried out. There are 

fundamental differences in the movement strategies for these different tasks and hence 

there were different methods of analysis of the data recorded during the different tasks.

Sitting, standing, rising to stand and sitting down can be argued to be “symmetrical” tasks. 

These tasks are generally assumed to be carried out within a symmetrical posture or with 

symmetrical movement patterns. It was therefore considered that analysis of the average 

symmetry index over the period of data collection would provide an appropriate measure 

of the symmetry of weight distribution for each of these tasks. The mean symmetry index 

was determined for the periods of sitting and standing, and for defined phases o f rising to 

stand and sitting down. An advantage of the use of the mean symmetry index as a 

measure of outcome for each of these four tasks was that it allowed direct comparison of 

the symmetry of weight distribution during these different functional tasks.

In contrast to the analysis o f the “symmetrical” tasks, the aim of reaching to the same side 

and reaching across to the opposite side was to achieve maximum lateral weight 

transference and then to return to a sitting posture. The mean symmetry index during 

reaching to the same side and reaching across to the opposite side was therefore not 

appropriate in the analysis of the reaching tasks. Since there was no evidence pertaining to 

the assessment of the symmetry o f weight distribution during reaching tasks available in 

the literature, a process of exploration of the pattern of the symmetry index during the
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reaching tasks was carried out. The aim of this exploration was to confirm that the 

movement o f reaching produced a distinct and reproducible pattern and, subsequently, to 

identify the pertinent outcome measures for the analysis of the movement. The selected 

outcome measures for the analysis o f the reaching tasks are outlined in section 15.1.3.

8.3.3 Statistical tests and analysis

For the healthy and hemiplegic subject data, statistical comparison of the association 

between the measured outcome variables from the different tasks was carried out. 

Pearson’s correlation coefficient was calculated to determine the strength of the association 

between the outcome variables from the different tasks.

Multiple regression was carried out to explore the relationship between independent 

variables (gender, age, age-group, height, body mass, lower-leg length, dominant hand) 

and the measured outcome variables from the healthy subjects.

The relatively low number of hemiplegic subjects involved, and the large variation 

between the subjects, limited the use of statistical tests in the analysis of data. Additional 

limitations were placed on statistical analysis by the high number of hemiplegic subjects 

who were unable to carry out the tasks of standing, rising to stand and sitting down, and by 

the number of subjects who were discharged from the trial before 7 weeks of 

measurements had been completed. Classification of the hemiplegic subjects into 3 simple 

groups of ability (“unable”, “abnormal”, “normal”; see section 11.3.4) included a 

maximum number of subjects and hence enabled the use of the Chi-squared test to 

determine the statistical significance of the differences in the ability of the subjects in the 

control group and practice group. However, as a consequence of the relatively low subject 

numbers, the analysis of the data from the clinical trial was principally carried out with 

descriptive statistics. The use of descriptive statistics, combined with the use of the 

classification system and Chi-squared test, allowed identification of the magnitude of the 

symmetry index during the different tasks; the observation of trends and patterns in the 

results; the comparison of the data from the healthy and the hemiplegic subjects; and the 

comparison of the ability of subjects in the control group and practice group.

As has been identified, an advantage of the use of the symmetry index was that it allowed 

direct comparison between the symmetry o f weight distribution during different functional
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tasks. To assist the descriptive process and to allow easy comparison between the 

symmetry index during the different functional tasks, all graphs depicting aspects of the 

symmetry index were plotted with the full symmetry index scale (1 to -1 ) on the relevant 

axis. In addition to allowing easy comparison between the symmetry values during 

different tasks, the depiction of the full symmetry index scale had a further advantage for 

the descriptive analysis of the symmetry data. Plotting the symmetry indices from 

subjects during any functional task demonstrated two important aspects pertaining to the 

symmetry of weight distribution. The first of these was the variation between the subjects: 

this could be observed with any axis scale that included the maximum and minimum 

symmetry index values for that particular group of subjects. However, the second aspect 

of note, pertaining to the symmetry of weight distribution during a functional task, was the 

position o f the data on the entire symmetry index scale. The position of symmetry data on 

the full symmetry index scale provides a visual representation of the magnitude of the 

symmetry o f weight distribution. Plotting all graphs on the full symmetry index scale 

permitted the observation of the variation between subjects and the observation of the 

magnitude o f the symmetry of weight distribution.
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9. Methods

9.1 Testing protocol

Objective measurement of the symmetry of weight distribution during sitting, standing, 

rising to stand and sitting down, and the weight transference during reaching out to the 

side from a sitting position, was recorded using the measurement system. A sampling 

frequency of 50Hz is generally reported in studies of human gait. Mizrahi et al (1985) 

found that the frequency of sway in healthy and hemiplegic subjects did not exceed 

approximately 7Hz during standing. For the relatively slow movements tested in this 

study a higher frequency of data collection is unlikely to provide any further information. 

Therefore, for all tests in this study the frequency o f data collection was 50Hz.

9.1.1 Testing: healthy subjects

Testing took place at a time convenient for the subject, either within the Human 

Performance laboratory at Queen Margaret College or within the physiotherapy gym at 

the Western General Hospital. A quiet and undistracting environment was maintained 

during all tests. The tests were carried out in a strict order following standardised 

protocol. The test order is illustrated in Figure 9.1.

A.) Tests of svmmetrv of weight distribution: healthv subjects

1. Sitting.

The subject was requested to sit in a comfortable position in the chair. The tester 

adjusted the position of the foot sections so that the subject’s feet were positioned in the 

centre o f the measurement section. The subject was requested to sit with hands in lap, 

upright away from the backrest o f the chair and looking straight forwards at a black 

marker-cross (placed 2m in front of the centre of the front o f the chair at a height o f 2m). 

The subject was requested to maintain this position until instructed to relax. 10 seconds 

o f data was collected while the subject maintained this position.
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2. Rising to stand.

The subject was instructed to sit comfortably, with hands in lap, looking straight forwards 

at the marker-cross, until given the command “stand up”. On this command the subject 

was to stand up “as you do normally”, and remain standing looking at the marker-cross. 

Subjects requesting clarification of the commands were reminded that their feet had to 

remain in position on the foot plate sections.

Data collection was started approximately 2-3 seconds prior to the command “stand up”. 

On giving this command the tester pressed the event-marker switch. When the tester 

assessed that the subject had finished the movement of rising to stand the event-marker 

switch was pressed again. Data collection continued for a further 4 seconds, to ensure 

that sufficient data was present to enable objective detennination of the end of the 

movement.

3. Standing.

The subject remained standing following the test o f rising to stand. The subject was 

requested to stand upright, hands by side, looking straight forwards at the marker-cross. 

The subject was requested to maintain this position until instructed to relax. 10 seconds 

of data was collected while the subject maintained this position.

4. Sitting down.

The subject remained standing following the previous test. The subject was instructed to 

stand comfortably, with arms by side, looking straight forwards at the marker-cross, until 

given the command “sit down”. On this command the subject was to sit down “as you do 

normally”, and remain sitting looking at the marker cross. Subjects requesting 

clarification of the commands were reminded that their feet had to remain in position on 

the foot plate sections.

Data collection was started approximately 2-3 seconds prior to the command “sit down”. 

On giving this command the tester pressed the marker switch. When the tester assessed
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that the subject had finished the movement of sitting down the marker switch was 

pressed again. Data collection continued for a further 4 seconds, to ensure that sufficient 

data was present to enable objective determination of the end of the movement.

These 4 tests (sitting -  rising to stand -  standing -  sitting down) were repeated in this 

order until 3 tests of each activity had been completed.

Repeat 3 times 
%

1. Sitting 3. Standing

A . T e s t s  o f  s y m m e t r y

OF WEIGHT DISTRIBUTION

4. Sitting down

5. Reaching to same side

times

6. Reaching across to the opposite side

B . T e s t s  o f  w e ig h t -t r a n s f e r e n c e

Figure 9.1 Sequence of tests for healthy subjects.

B.) Tests of weight-transference in sitting: healthv subjects

Each subject was assigned a “reaching” arm for the tests of weight-transference in sitting. 

The purpose of assigning a “reaching” arm was to mimic the ability of stroke patients. 

Many stroke patients with recently acquired hemiplegia lack the ability to execute
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voluntary movement with the hemiplegic arm. Reaching therefore has to be carried out 

with the unaffected arm, regardless of arm dominance. Since the probability of a patient 

having left or right hemiplegia is approximately equal and can be assumed to occur 

randomly, the “reaching” arm of the healthy subjects was assigned randomly. A blocked 

randomisation procedure was used to ensure that equal proportions of the subjects were 

assigned the left and right arm.

5. Reaching out to the same side

The subject remained sitting following the last test o f sitting down. A table was 

positioned level with the front o f the chair. The table was a standard folding “pasting 

table” that was commercially available. The table was selected as the lightweight nature 

o f the table prevented subjects leaning through the table, and using upper limb activity to 

assist the reaching movement. The folding nature of the table was advantageous due to 

the limited space available within the clinical setting. A thick white line was drawn 

along the length of the table 0.10m from the edge nearest the chair, with it’s centre 

marked and lined up with the mid-line position of the chair. A small plastic cup was 

positioned over the marked mid-point. The subject was requested to sit comfortably, 

with hands in lap, until the command “go” was given. On this command the subject was 

to pick up the cup with the “reaching arm” and reach out to the same side (to the side of 

the reaching arm) “as far as possible”, place the cup down on the line and return to “sit in 

the middle”. If a subject requested clarification the instructions were repeated and they 

were informed to do the movement “as you would naturally”.

In order to ensure that a period of quiet sitting was recorded prior to the movement, data 

collection was started approximately 5 seconds before the command “go”. Upon giving 

the command “go” the tester pressed the event-marker switch. The event-marker switch 

was pressed again when the subject was observed to place the cup down on the table and 

when the subject was assessed to have finished the task. To ensure that a period of quiet 

sitting was recorded following the movement, data collection continued for
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approximately 5 seconds after the movement had been assessed to finish. The position 

of the cup was marked and the distance measured at the end o f the testing.

6. Reaching across to the opposite side

The subject was instructed to repeat the previous movement, but reaching in the opposite 

direction. It was explained to the subject that the same “reaching” arm was to be used 

and that the movement would involve “twisting around and reaching across in the 

opposite direction”. If a subject requested clarification the instructions were repeated 

and they were informed to do the movement “as you would naturally”.

As in the test of reaching to the same side, data collection started approximately 5 

seconds prior to the command “go”; the event-marker switch was pressed on the 

command “go”, when the subject placed the cup on the table and when the subject was 

observed to finish the movement. Data collection continued for approximately 5 seconds 

after the movement was observed to stop. The position of the cup was marked and later 

the distance was measured.

Tests of reaching to the same side and reaching across to the opposite side were repeated 

until the subject had completed 3 reaches to either side.

9.1.2 Testing: hemiplegic subjects

Testing took place immediately before the subject attended for their normal daily 

physiotherapy treatment. Testing was carried out within the physiotherapy gym. The 

testing area was screened off from the rest of the gym to prevent distractions.

Pre-study trials of the testing protocol with individual patients with recently acquired 

stroke, at the Western General Hospital, Edinburgh, demonstrated that many o f these 

patients were unable to rise to stand, stand or sit down without assistance. Subjects who 

had regained the ability to rise to stand, stand and sit down without assistance required 

supervision, and were often unable to maintain the standing posture for more than
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approximately 10 seconds. Some subjects at this stage in their recovery experienced 

levels of fatigue after carrying out one repetition of rising to stand, standing, or sitting 

down and were not be able to carry these out on a second or third attempt. A number of 

patients achieved the ability to stand independently prior to the ability to rise to stand or 

sit down. Subsequently the sequence of testing and testing protocol had to be adapted for 

the hemiplegic subjects. The sequence of testing is illustrated in Figure 9.2.

A . T e s t s  OF SYMMETRY OF 
WEIGHT DISTRIBUTION

1. Sitting ( 1 )C  00

l l

k
1. Sitting (2)

e a s a r  ssm  z a m

p  9

R H
2. Rising to stand 3. Standing

Subjects able to rise to stand and stand completed one test of 
rising to stand followed immediately by a period o f standing.

3. Standing 4. Sitting down

^  ^  Subjects able to stand and sit down independently completed 
^  ^  one test o f standing followed immediately by a test o f sitting

down.

Sitting (3)

— t
5. Reaching to the unaffected side 6. Reaching across to the affected side

RepealJ times
All subjects complete 
3 tests o f reaching to 
each side.

B. T e s ts  OF WEIGHT-TRANSFERENCE

Figure 9.2 Sequence of testing for hemiplegic subjects.
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As illustrated in Figure 9.2, the sequence of testing for the hemiplegic subjects was 

dependent on each subject’s ability.

A.) Tests of svmmetrv of weight distribution: hemiplegic subiects

1. Sitting,

All subjects with hemiplegia completed 3 tests o f sitting. The testing protocol was 

identical to that described for the healthy subjects, with the exception that the hemiplegic 

subjects were not requested to sit upright away from the backrest o f the chair. During 

piloting of the testing protocol with patients with stroke it was observed that this 

command could result in excessive movement within the chair, excessive trunk flexion, 

pulling on the anns of the chair, or a failure to achieve the desired posture. To prevent 

this occurring the command given to the hemiplegic subjects was “sit upright”, with no 

reference to the backrest of the chair.

Figure 9.3 Test of sitting. 
Subject with right 
hemiplegia.

2. Rising to stand

Following the first test of sitting, all hemiplegic subjects were asked to attempt to stand 

up independently. Instructions given were the same as for the healthy subjects, with the 

addition of a statement telling the subject that, although the movement should be
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attempted alone, someone would be close to give assistance if necessary. If the subject 

could not achieve the task the testing continued with the second test of sitting. If the 

subject achieved the task, data collection was undertaken as for the healthy subjects. 

However, rather than stop the data collection after 5 seconds of quiet stance, data 

collection continued for approximately 10 seconds. Recording stance immediately after 

the end of rising to stand prevented the subject having to remain standing while the 

computer was prepared for a separate period of data collection. The subject sat down 

immediately following this data collection, as it was found that it was unsafe for patients 

to remain standing while the computer was prepared for the collection of data during 

sitting down.

3. Standing

Tests of standing were incorporated into the tests o f rising to stand and sitting down. 

Subjects successfully completing a test of rising to stand and a test o f sitting down had 

two sets of data for stance, each recorded over a period of approximately 10 seconds. If a 

patient had achieved the routinely assessed goal of “ 10 seconds of independent stance” 

(assessed by the physiotherapist treating the patient) but was unable to independently rise 

to stand, then the subject was assisted into stance and one test of stance recorded. The 

testing protocol was the same as for the healthy subjects.

Figure 9.4 Test of standing. Subject 
with right hemiplegia. Tester 

^  standing beside subject to ensure 
safety.
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4. Sitting down

If the subject had achieved rising to stand independently, following the second test of 

sitting the subject was assisted to stand up. Instructions given were the same as for the 

healthy subjects, with the addition of a statement telling the subject that, although the 

movement should be attempted alone, someone would be close to give assistance if 

necessary. The testing protocol was the same as for the healthy subjects, with the 

exception that a period of 10 seconds of stance was collected prior to the command to sit 

down. This enabled 2 periods of 10 seconds of stance (one following rising to stand and 

one prior to sitting down) to be recorded and analysed.

This testing protocol resulted in each hemiplegic subject completing 3 tests of sitting. 

Single tests o f rising to stand and sitting down were recorded according to each subject’s 

ability. A maximum of 2 periods of 10 seconds of stance was recorded. Although there 

were differences in the standardised testing protocol and sequence used for the healthy 

and for the hemiplegic subjects, these differences were unavoidable due to the functional 

ability of the patients. The testing protocol and sequence for the hemiplegic subjects 

was kept as similar as possible to that of the healthy subjects, within the constraints of the 

ability of the hemiplegic subjects.

B.) Tests of weight-transference in sitting: hemiplegic subiects

All hemiplegic subjects were instructed to use their unaffected arm as their “reaching” 

arm. The sequence o f tests was identical for the hemiplegic subjects and for the healthy 

subjects.

5. Reaching to the same side

The testing protocol for the hemiplegic subjects was identical to that o f the healthy 

subjects (Figure 9.5).
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6. Reaching across to the opposite side

The testing protocol for the hemiplegic subjects was identical to that o f the healthy 

subjects (Figure 9.6).

Figure 9.5 Test of 
reaching to the same 
side. Subject with 
right hemiplegia 
reaches out with the 
cup in the left 
(unaffected) hand, to 
the left (unaffected) 
side. The tester uses 
the handheld switch 
to mark events.

Û

Figure 9.6 Test of reaching 
across to the opposite side. 
Subject with right hemiplegia 
reaches across with the cup in 
the left (unaffected) hand, to 
the right (affected) side. The 
tester uses the handheld 
switch to mark events.
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9.2 Design of practice regime

9.2.1 Theoretical aims of practice regime

The practice regime was designed to meet the following criteria:

a) Aimed to improve sitting balance;

b) The regime could be carried out by a patient with recently acquired stroke under 

supervision only;

c) The regime would potentially be suitable for use in a number of different 

environments (hospital ward, home etc.);

d) The regime could be carried out without any risk to the patient;

e) The regime could be carried out within a one hour period, in order not to disrupt the 

daily routine of the hospital ward.

It was important that the evidence and knowledge pertaining to the optimal learning of 

motor tasks identified in the review of motor learning was incorporated into the 

developed regime of practice, in order to create an optimal practice effect.

Although a requisite of the practice regime was that it improve sitting balance, the lack of 

consistent definitions and terminology regarding balance made it essential to define more 

specific aims for the regime. Carr and Shepherd (1989a) stated that the maintenance of 

sitting balance:

“requires the ability not just to stay there, but also to make small 

adjustments to the position as it is disrupted by movements o f the head, 

the need for eye fixation and reaching out o f the hand.”

Thus sitting balance refers to the maintenance of a sitting posture and to movement 

within that posture. Symmetry of postural alignment and weight distribution has been 

proposed to be a variable relating to balance ability. Considering the knowledge related 

to balance, in conjunction with the literature pertaining to the problems with sitting 

balance following stroke, the specific aims of the regime for patients were defined as:-

1. To be able to achieve and maintain an appropriate symmetrical alignment in sitting.
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2. To improve the ability to cope with the effects o f gravity and therefore be able to make 

appropriate balance adjustments while shifting weight (in sitting).

3. To control body alignment during maximal voluntary shifts of the centre of pressure (in 

sitting).

Consequently, to meet these aims, practice had to consist of a series of tasks that required 

weight-shifting and the control o f the movement of the centre of pressure, from a sitting 

position. Weight-shifting can be obtained through reaching movements with the non

affected arm. Since many patients with recently acquired stroke are unable to carry out 

controlled functional activities with their affected arm, the practice regime was 

developed so that it could be carried out entirely with the unaffected arm.

9.2.2 Timing and repetitions

The daily routine of the hospital ward, and the necessity for the practice regime not to 

disrupt the patients’ attendance at other therapy interventions (physiotherapy, occupational 

therapy, speech therapy, psychology etc), necessitated that the practice regime be 

performed within a one hour period. The available resources dictated that one practice 

session could be supervised daily, Monday to Friday. There was no evidence pertaining 

to the optimal number of repetitions for learning: studies have used varied numbers of 

repetitions, although it is generally assumed that greater motor learning is related to a 

higher number of repetitions of a task. An attempt was made to develop a regime that 

included a maximal number of repetitions. This was assessed to be approximately 200 

repetitions of varied reaching tasks. A requirement for rest periods between tasks to 

prevent fatigue was recognised: the length and frequency of rest periods were determined 

during the pilot study. It was envisaged that approximately 8-10 rests o f 2 minutes would 

be required during the one-hour practice session. Thus it was envisaged that between 8 

and 10 different tasks would be completed; with the parameters o f distance reached, 

height reached, and angle of reach varied for each of these tasks. Each task was planned to 

be repeated between 20 and 30 times, in order to achieve the total of 200 repetitions. The 

different tasks were performed in a randomised order. During the development phase, the
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timing factors and parameters of task variation were investigated in a systematic manner 

in order to establish the practice regime for the clinical trial.

9.2.3 Development of the practice regime

In order to develop the regime of practice, with reference to the theoretically optimal 

parameters of practice and the aims of the independent practice identified previously, a 

series of practical investigations were necessary. All of these investigations were 

exploratory in nature and were carried out with a number of individual volunteers, who 

had a diagnosis of stroke and who were in-patients at the Western General Hospital. All 

o f the investigative sessions were videotaped in order to allow further analysis. All of the 

volunteers gave verbal consent following an explanation of the purpose of the 

investigative session, and signed a consent form permitting the use of the video for the 

purposes of the research.

It was identified that the tasks should involve reaching with the unaffected arm in order 

to facilitate controlled movement of the COP of the seated subject within the BOS. 

Initial exploration identified a variety of potentially suitable reaching tasks, and 

determined that to ensure patient safety all tasks would have to be carried out upon a 

table in front of the subject. Exploration of the distance o f reach of healthy subjects 

dictated the design and size of the table. The table top was designed to be placed on top 

o f standard physiotherapy parallel bars in order to ensure that the equipment was portable 

and suitable for use within the restricted space available in the hospital environment. 

The table top was designed so that when placed on the parallel bars the subject could sit 

on a chair between the ends of the parallel bars with the front of the seat level with the 

front of the table, and with a 0.2m overlap on either side to ensure safety and a sense of 

security. The layout and dimensions of the chair and table are illustrated in Figure 9.7 - 

Figure 9.9.
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Figure 9.7 Dimensions of table top and layout of radial gridlines.

Radial
gridlines

Table top 'arallel bars

‘Chair

Figure 9.8 The table top was 
placed on the parallel bars, and 
the chair positioned between the 
front of the bars.
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a -  height to top of backrest from floor 
= 0.89m
b -  height to top o f armrest from floor = 
0,63m
c -  height to top o f seat from floor = 
0.46m
d -  height o f backrest = 0 .17m 
e -  depth o f cushion on seat = 0.04m 
f  -  height to top o f table from floor 
=0.78m
g -  overlap o f table over front o f chair 
(on either side o f arm rests) = 0.20m 
h -  depth o f seat = 0.42m 
width of seat = 0.48m

Figure 9.9 Dimensions and layout of chair and table.
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In order to ensure that the tasks had objective and apparent goals, the tasks all involved 

moving objects to and from specific targets on the table. A number of different tasks 

were initially identified as potentially meeting the criteria for the aims of the practice. 

These included the movement of beanbags, blocks and small objects around the table; the 

“stacking” of items such as cones; the “hooking” of objects onto hooks positioned on 

vertical poles. In addition to the lack of evidence in the literature pertaining to the type 

of reaching tasks that would facilitate controlled movement of a subject’s COP, there was 

no information pertaining to other factors and variations of reaching tasks. A number of 

key factors requiring clarification were identified and systematically explored in a series 

o f investigative sessions.

The investigative sessions addressed the following key issues pertaining to the 

development of the regime of practice:-

• Parameters of height, angle and distance of reach;

• Effects of reaching across the midline, from the midline and to the midline;

• Effects of repetitive movements;

• Use of different reaching tasks;

• Type of seating;

• Effects o f targeting and scoring on motivation and achievement;

Details of the specific aims, methodology and results of the investigative sessions are 

provided in Appendix C. Analysis o f the investigative sessions led to the following 

conclusions:-

• Tasks must discourage subjects leaning through the table with their reaching arm, as 

this was observed to alter the postural control used during the activity. The amount of 

shoulder girdle activity appeared to increase when subjects leant through the table.

• Repeated tasks at the same angle increased postural asymmetry. If the subject did not 

have to cross the midline between tasks, frequently this was observed to result in a 

lack of trunk movement and reliance on upper limb movement to achieve the task. 

Figure 9.10 and Figure 9.11 illustrate the same task being repeated either side of the
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midline. The subject had to move through the midline between these two repetitions 

of reaching.

• Use of a ‘radial gridline’ set-up (Figure 9.7) provided a good visual representation of 

the midline and provided a simple method of directing a subject’s angle o f reach.

• Reaching high prevented leaning through table and encouraged trunk extension (e.g. 

Figure 9.13 - Figure 9.15).

• Reaching high appeared to require greater postural control, necessitating increased 

control over trunk movement.

• Hooks and rings (Figure 9.14), stepped blocks (Figure 9.15) and stacking tasks (Figure 

9.16) were all suitable for obtaining controlled, maintained reaching, without leaning 

through the table.

• A standard upright chair with armrests provided the most suitable seating for the 

regime. Wheelchairs encouraged trunk flexion and reduced the ability to achieve 

reaching tasks. Plinths resulted in subjects falling and requiring assistance to regain a 

sitting posture, and reduced subjects’ sense o f security and willingness to reach greater 

distances.

• A scoring system should be incorporated into the regime to provide quantitative 

feedback and improve motivation. Provision of scores and numerical targets 

increased the distance of reach and number of repetitions carried out by subjects.

Based on the conclusions from the development sessions, a practice regime incorporating 

10 varied reaching tasks, aimed at improving sitting balance was developed. The 

repetitions of the varied reaching tasks resulted in a maximum number o f repetitions of 

203, thus meeting the aim of a regime o f at least 200 repetitions. The tasks, movements 

required and number of repetitions are outlined in Table 9.1 and Appendix D, and are 

illustrated in Figure 9.10 - Figure 9.16. The tasks involved moving a series of items to 

“construct” a series of vertical poles, with pegs and rings, and the use of stepped blocks 

and stacking tasks. The objects to be moved were coloured red, green, blue or yellow 

and matched the colours of the radial gridlines. The cubes, poles and pegs were shaped 

either round or square. The use of different colours and shapes allowed careful control
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over the order o f the tasks and the angle of reach without the necessity for complicated 

explanations. Simple instruction boards were made up to ensure that the tasks could be 

carried out independently (Appendix E). A scoring system was developed in association 

with the tasks (Appendix F). The developed regime was successfully piloted with a 

number of volunteers (patients with stroke from the stroke unit at the Western General 

Hospital). The practice regime took less than an hour for patients to carry it out. The 

required equipment was manufactured at Queen Margaret College. This developed 

regime o f independent practice was implemented within the randomised controlled trial 

(section 7.1 ).
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Table 9.1 Tasks, movements and number of repetitions in developed practice regime.
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Figure 9.10 Task 
one. Cubes out. 
Subject with left 
hemiplegia 
reaching to the 
unaffected side.

Figure 9.11 Task 
one. Cubes out. 
Subject with left 
hemiplegia 
reaching to the 
affected side.

Figure 9.12 Task 
two. Poles in. 
Subject with 
right hemiplegia 
reaching to the 
unaffected side.
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Figure 9.13 Task 
three. Pegs in. 
Subject with right 
hemiplegia reaching 
to the unaffected side.

Figure 9.14 Task four. 
Hoops on. Subject with 
right hemiplegia 
starting to reach to the 
affected side.
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Figure 9.15 Task nine. 
Coins on step. Subject 
with right hemiplegia 
reaching to the 
unaffected side.

Figure 9.16 Task 
ten. Stacking 
cones. Subject 
with right 
hemiplegia 
reaching to the 
affected side.
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10. Results: Subjects

10.1 Healthy group characteristics

In the young subject group there were 11 females and 9 males. In the elderly subject 

group there were 14 females and 6 males. Blocked randomisation was carried out to 

designate reaching arm -  10 o f the young and 10 of the elderly subjects reached with 

their left arm, and 10 of the young and 10 of the elderly reached with their right arm.

Table 10.1 provides the age, height, mass and lower leg length profiles o f the subjects. 

There was little difference in the height, mass and lower leg length o f the young and 

elderly subjects. Details of the individual healthy subjects are displayed in Appendix 

I.

Healthy - young Healthy - elderly Patients
mean age 
age range

22.7 ± 3.1 years 
10 years

69.7 ±4.3 years 
19 years

69.9± 12.46 years 
49 years

mean height 
height range

1.7 ± 0.09 m 
0.36m

1.7 ± 0.07 m 
0.24m

1.6±0.11 m 
0.47m

mean mass 
mass range

67.2 ± 10.4 kg 
39.6kg

67.6 ± 9.3kg 
30.9kg

56.0±10.3kg
44.6kg

mean LL length 
range LL length

0.49 ± 0.04 m 
0.15m

0.47 ± 0.03 m 
0.1 Im

0.4510.04 m 
0.20m

Table 10.1 Characteristics of healthy subjects and patients.

10.2 Patient group characteristics

28 hemiplegic subjects, 16 females and 12 males, were recruited for the clinical trial. 

Details of the individual patient characteristics are provided in Appendix J. 17 

subjects had left hemiplegia; 11 had right hemiplegia. The age, height, mass and 

lower leg length profiles of the hemiplegic subjects are shown in Table 10.1. The 

mean age of the hemiplegic subjects was similar to the mean age of the elderly 

healthy subjects, although the age range of the hemiplegic subjects was larger than 

that of the elderly healthy subjects. The height, mass and lower leg lengths of the 

hemiplegic subjects was similar to that of the young and elderly healthy subjects.

218



10.2.1 Control and practice group characteristics

Blocked randomisation was used to assign the hemiplegic subjects to the control or 

practice group, with a ratio of 2:1. 19 (68%) of the hemiplegic subjects were assigned 

to the control group; 9 (32%) were assigned to the practice group. The mean age of 

subjects in the control group was 68.4+13.4 years. The mean age of subjects in the 

practice group was 73.1110.3 years. The profile of the control and practice groups at 

entry into the trial is detailed in Table 10.2. The proportion o f patients with different 

stroke classifications in the control and practice group was similar, although the 

practice group contained slightly less TACIs, and a greater proportion of PACIs and 

LACIs, than the control group. While the control group contained a very small 

proportion of subjects with POCIs and PICHs, the practice group contained no 

subjects with these stroke classifications. The proportion of subjects with left and 

right hemiplegia was relatively even in the control group, while in the practice group 

there was a greater proportion of left hémiplégies. Although there were slight 

differences in the proportion of control and practice group subjects with different 

stroke-related characteristics and in the proportion in difference age groups, these 

differences were relatively small. However, there was a disproportionate ratio of 

males to females in the two groups, with -  by chance -  the entire practice group being 

female.

Control group Practice group
Number of subjects 19 (100%) 9 (100%)
Number of TACIs 6  (32%) 2 (22%)
Number of PACIs 3 (16%) 3 (33%)
Number of LACIs 5 (26%) 4 (44%)
Number of POCIs 2 (11%) 0 (0%)
Number of PICHs 3 (16%) 0 (0%)
Number of left hemiplegias 10 (53%) 7 (78%)
Number of right hémiplégies 9 (47%) 2 (22%)
Number of males 12(63% ) 0 (0%)
Number of females 7 (37%) 9(100%)
Number aged under 65 years 6  (32% ) 1 (11%)
Number aged 65-80 years 9 (47%) 5 (56%)
Number aged over 80 years 4 (21%) 3 (33%)

Table 10.2 Patient characteristics at entry into clinical trial

The Barthel index for each of the control and practice group subjects at entry into the 

clinical trial is displayed in Figure 10.1. The range of Barthel scores was 10 for the 

control group and 13 for the practice group. The median value for the control group
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was lower than the median for the practice group, being 5 and 8 respectively. These 

values indicate that the control group subjects generally had lower Barthel scores at 

entry into the trial.
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Figure 10.1 Barthel index at entry into trial (week 0).

10.3 Patient profiles over test weeks

10.3.1 Control and practice group characteristics over test weeks

Table 10.3 and Table 10.4 display the number and percentage of subjects with 

different characteristics assigned to each group (week 0) and the number and 

percentage of subjects included during subsequent test weeks (weeks 1-6).

The decrease in subject numbers over the test weeks was due to patients being 

discharged from the trial; either due to discharge from the hospital, or for other 

reasons (Figure 10.2 and Figure 10.3). 9 of the control group subjects were

discharged before 7 weeks of testing were completed: of these subjects 6 were 

discharged from the hospital, 1 self-discharged from the hospital, 1 died and 1 

developed a chest infection and was unable to attend physiotherapy. 4 o f the practice 

group subjects were discharged before 7 weeks of testing were completed: 2 of these 

subjects were discharged from the hospital, 1 subject refused to have objective 

measurements taken and 1 subject fell on the ward and received a fractured neck of 

femur. Details of these patients and the timing of the discharges are provided in 

Appendix J.
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Figure 10.2 Patient discharges over test weeks. Control group.
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Figure 10.3 Patient discharges over test weeks. Practice group.

The proportion of subjects discharged from the control and practice group was 

similar, with 47% of the control group subjects and 44% of the practice group 

subjects discharged. However, the rate o f discharge from the practice group was 

greater up until week 4. No discharges were made from the practice group after week

3. The proportion o f subjects with different stroke classifications, side of hemiplegia 

and age groups remained similar in the practice and control groups over the test weeks 

(Table 10.3 and Table 10.4).
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w eek 0 w eek 1 w eek 2 w eek 3 w eek 4 w eek 5 w eek 6
N um ber in control group 19(100%) 18 (100%) 17(100%) 16 (100%) 15 (100%) 14 (100%) 10 (100%)

Number of TACIs 6(32%0 5 (28%) 5 (29%) 5 (31%) 5 (33%) 5 (36%) 4 (40%)
Number of PACIs 3(16%0 3 (17%) 3(18%) 2 (13%) 1 (7%) 1 (7%) 0(0%)
Number of LACIs 5(26%0 5 (28%) 4 (24%) 4 (25%) 4 (27%) 4 (29%) 3(30%)
Number of POCIs 2(11%) 2 (11%) 2 (12%) 2 (13%) 2 (13%) 1 (7%) 0(0%)
Number of PICHs 3 (16%) 3 (17%) 3(18%0 3(19%) 3 (20%) 3 (21%) 3 (30%)

Number of left hémiplégies 10(53%) 9(50%) 8(47%0 8(50%) 7 (47%) 7(50%) 7 (70%)
Number of right hémiplégies 9 (47%) 9 (50%) 9 (53%) 8 (50%) 8 (53%) 7 (50%) 3 (30%)

Number of males 12 (63%) 12 (67%) 11 (65%) 10(62%) 9(60%) 9(64%) 7(70%)
Number of females 7 (37%) 6 (33%) 6 (35%) 6 (38%) 6(40%) 5 (36%) 3 (30%)

Number aged under 65 years 6 (32%) 6 (33%) 6 (35%) 6 (38%) 6 (40%) 5 (36%) 2 (20%)
Number aged 65-80 years 9 (47%) 8 (44%) 8 (47%) 7 (44%) 6 (40%) 6 (43%) 6(60%)

Number aged over 80 years 4(21%) 4 (22%) 3 (18%) 3 (19%) 3 (20%) 3(21%) 2 (20%)

Table 10.3 Number 
(percentage of control

of patients in 
group with each

control group and their 
characteristic each week).

characteristics

week 0 week 1 week 2 week 3 week 4 week 5 week 6
Number in practice group 9 8 8 6 5 5 5

(100%) (100%) (100%) (100%) (100%) (100%) (100%)
Number of TACIs 2 (22%) 1 (13%) 1 (13%) 1 (17%) 1 (20%) 1 (20%) 1 (20%)
Number of PACIs 3 (33%) 3 (38%) 3 (38%) 1 (17%) 1 (20%) 1 (20%) 1 (20%)
Number of LACIs 4 (44%) 4 (50%) 4 (50%) 4 (67%) 3(60%) 3(60%) 3(60%)
Number of POCIs 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
Number of PICHs 0(0%) 0(0%) 0 (0%) 0(0%) 0(0%) 0(0%) 0(0%)

Number of left hémiplégies 7 (78%) 7 (88%) 7 (88%) 5 (83%) 4(80%) 4 (80%) 4(80%)
Number of right hémiplégies 2 (22%) 1 (13%) 1 (13%) 1 (17%) 1 (20%) 1 (20%) 1 (20%)

Number of males 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
Number of females 9(100%) 8 (100%) 8 (100% ) 6(100%) 5 (100%) 5 (100%) 5 (100%)

Number aged under 65 years 1 (11%) 1 (13%) 1 (13%) 1 (17%) 1 (20%) 1 (20%) 1 (20%)
Number aged 65-80 years 5 (56%) 5 (63%) 5 (63%) 4 (67%) 3(60%) 3 (60%) 3(60%)

Number aged over 80 years 3 (33%) 2 (25%) 2(25%0 1 (17%) 1 (20%) 1 (20%) 1 (20%)

Table 10.4 Number 
(percentage of practice

of patients in practice group 
group with each characteristic

and their characteristics 
each week).

10.3.2 Measurements completed by patients over test weeks

All subjects included in the trial at each test week completed tests o f quiet sitting and 

reaching from sitting. Not all subjects were able to complete tests of standing, rising 

to stand and sitting down at each test week. The number of test results for these 

functions varied over the test weeks, as a result o f inability to perform the task and 

patient discharge from the trial (Figure 10.4 - Figure 10.8).
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Figure 10.6 Total number 
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of rising to stand over test 
weeks.

□  d ischarged

□  unab le

w eek  0  w eek  1 w eek  2 w eek  3  w eek  4  w eek  5  w eek
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Figure 10.8 Total number 
of subjects completing tests 
of reaching over test 
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10.3.3 Functional scores over test weeks

Figure 10.9 and Figure 10.10 illustrate the Barthel scores for control and practice 

patients over the test weeks, with the classification o f stroke indicated for each 

subject. Table 10.5 and Table 10.6 display the median and the range of Barthel scores 

and scores for the rising to stand section of the Motor Assessment Score. The Barthel 

and Motor Assessment scores both tended to increase over the test weeks.

Figure 10.9 Barthel index over test weeks. Control group. Showing stroke 
classification.

Figure 10.10 Barthel index over test weeks. Practice group. Showing stroke 
classification.

224



control week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 5 8 8 8 8 10 10
range 10 10 15 14 16 17 14

oractice week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 8 9 9.5 9 9 9 10
range 13 14 10 11 1 4 3

Table 10.5 Median and range of scores for Barthel Index.

control week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 0 1 2 2 2.5 3 3
range 1 3 4 5 5 5 5

practice week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 0 1 1.5 2 1 2 3
range 1 4 4 5 4 4 4

Table 10.6 Median and range of scores for rising to stand section of Motor 
Assessment Score.

10.4 Profile of independent practice

9 subjects took part in the practice regime. 5 subjects attended for all 4 weeks o f the 

regime; 3 for 3 weeks and 1 for 1 week. Of the 3 subjects attending for 3 weeks, 2 

were discharged home and 1 was discharged following a fall on the ward resulting in 

a lower limb fracture. The subject who only completed 1 week was discharged from 

the trial after refusing to attend for the weekly measurements.

Not all o f the subjects attended for all 5 practice sessions each week; reasons for non- 

attendance were refusal (generally due to tiredness), alternative appointments such as 

MRl scans and Occupational Therapy appointments, and the absence of the practice 

supervisor due to Bank holidays. O f the total possible number o f test sessions, 

between 0% and 60% were missed, by each subject. The median percentage of 

possible sessions missed was 20%. The median percentage of possible sessions 

missed due to tiredness was 10% (range 0% to 60%), and the median percentage of 

possible sessions missed due to other reasons was 10% (range 0% to 17%). Figure 

10.11 - Figure 10.14 display the attendance at the practice sessions over the 4 week 

period for each of the subjects. These graphs illustrate that the number o f refusals to 

attend due to tiredness decreased over the 4 weeks. Only one subject (subject A) 

attended all 20 practice sessions over the 4 weeks.
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practice sessions. Week 2.
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Figure 10.13 Attendance at 
practice sessions. Week 3.

Figure 10.14 Attendance at 
practice sessions. Week 4.

The number of repetitions of reaching at each practice session varied between subjects 

and between day of attendance. The reason for this variation was subject tiredness 

resulting in a request to finish. The maximum possible number of repetitions per 

session was 203; giving a maximum of 1015 per week. Figure 10.15 illustrates the 

number of repetitions carried out each week by the subjects.
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Figure 10.15 Total number of repetitions carried out during different practice 
weeks.

The distance and height of reach during the tasks involved in the practice regime 

varied, both inter-subject and intra-subject. The distance reached during practice Task 

1, and the height reached during practice Task 3, for each of the subjects on each of 

the practice days attended is documented in Appendix L.
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11. Results : Sitting

11.1 Raw data and analysis

The symmetry index, SI (see section 8.3), was determined for each 10 second test of 

sitting. Examples o f the SI over the 10 seconds o f data collection, as derived from the 

force data, for a young healthy, elderly healthy and hemiplegic subject are provided in 

Figure 11.1, Figure 11.2 and Figure 11.3.

Figure 11.1 Symmetry of sitting. Young healthy subject.

Figure 11.2 Symmetry of sitting. Elderly healthy subject.
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Figure 11.3 Symmetry of sitting. Hemiplegic subject.

The mean and maximum values of the standard deviation of the SI over the 10 

seconds o f data collection for the 20 young and 20 elderly healthy subjects, and for 

the initial measurement from the first 12 hemiplegic subjects are given in Table 11.1.

young healthy elderly healthy hemiplegic
mean of standard deviations 

maximum of standard deviations 
mean range of SI 

maximum range of SI

0.008 0.007 0.006 
0.014 0.016 0.030  
0.044 0.038 0.052 
0.082 0.081 0.126

Table 11.1 Mean and maximum values of standard deviation and range of 
symmetry index during sitting (SI).

The standard deviation and range of the SI over 10 seconds of sitting was low for the 

young and elderly healthy subjects and for the hemiplegic subjects. During 10 

seconds of sitting, the maximum standard deviation of the SI was 0.030 and the 

maximum range of the SI was 0.126 for the healthy and hemiplegic subjects. This 

lack o f variation in the SI during sitting for both healthy and hemiplegic subjects 

indicated that the mean SI was an appropriate variable for use in the investigation of 

the symmetry of sitting. The mean SI over the 10 seconds of data for each 

measurement of sitting was determined for each subject.

11.2 Healthy subjects

The mean SI from the 3 trials of sitting for each o f the healthy subjects is displayed in 

Figure 11.4 and Figure 11.5. These graphs demonstrate that there was little variation 

between the repeated values for individual subjects or for the group of subjects.
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Calculating the mean of the 3 repeated values for each subject demonstrated that 90% 

of the mean values fell within a range of 0.10 for the young subjects and within a 

range of 0.16 for the elderly subjects.

The Intraclass Correlation Coefficient (ICC) is often calculated in order to assess the 

statistical significance of the difference between repeated trials. However when there 

is low variation between subjects the use of the ICC statistic is limited, and the ICC 

value will be low despite there being minimal differences between repeated measures 

(Chambers et al, 1992). In addition the use of the ICC is not robust to the effects of 

outliers in the results (Chambers et al, 1992). When there is little variation between 

subjects and the potential for outliers in the results, the calculation of the percentage 

close agreement (PCA) is more appropriate and robust (Chambers et al, 1992). The 

PCA is a measure of agreement, based on the distribution of the differences between 

repeated measurements. The magnitude of the difference between each o f the 

repeated measures for an individual subject is determined, and from this the 

percentage of differences for the group of subjects falling within a certain magnitude 

o f each other is calculated. Rather than defining the magnitude of the differences and 

determining the percentage of differences within that magnitude, the magnitude of the 

difference included by a certain percentage o f the differences can be determined. 

Thus, in this case the difference between each of the 3 repeated measures for each 

healthy subject was determined. The values for the differences from each individual 

subject were combined and the magnitude of the difference within which specific 

percentages of the values fell was determined. Table 11.2 displays the magnitude of 

the difference between the repeated measures of mean SI within which 80%, 90%, 

95% and 100% of the differences fell. The magnitude of the difference within which 

100% of the differences fall is the same as the maximum difference between repeated 

measures for any of the individual subjects.

The variation between 3 repeated measures was low, with 90% of the young subjects 

having a difference of less than 0.08 and 90% of the elderly subjects having a 

difference of less than 0.14. The variation between the 3 repeated measures for each 

individual subject and the variation between the mean of the 3 repeated values for the 

group of subjects was similar, being 0.08 and 0.10 respectively for the young subjects, 

and 0.14 and 0.16 respectively for the elderly subjects. The similarity in the variation
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between the repeated measures and the variation between the group measures can be 

observed in Figure 11.4 and Figure 11.5. Use o f single measures, rather than the 

mean value, may introduce errors related to the variation between repeated measures. 

The mean o f the 3 repeated measures was therefore an appropriate outcome measure 

for each individual subject. The mean of the 3 repeated measures for the symmetry 

o f weight distribution during sitting for each subject was therefore used in the 

remaining analysis.

subwcîs

Figure 11.4 Mean 
symmetry index from 3 
trials of sitting. Young 
healthy subjects.

subfect;

Figure 11.5 Mean 
symmetry index from 3 
trials of sitting. Elderly 
healthy subjects.

PCA (80%) PCA (90%) PCA (95%) PCA (100%)
Young 0.06 0.08 0.09 0.15

Elderly 0.11 0.14 0.14 0.25

Table 11.2 PCA for 3 repeated trials of mean symmetry of sitting; young and 
elderly healthy subjects (SI).
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Plotting the distribution of the mean SI for the young and elderly healthy subjects 

demonstrates that the groups of healthy subjects exhibited a normal distribution 

(Figure 11.6 and Figure 11.7). The median values and 5^, 25^, 75^ and 95^ 

percentiles for the young and elderly subjects are shown in Table 11.3. The median 

values were close to zero, demonstrating that the young and elderly subjects tended to 

have symmetrical weight distribution in sitting. The interquartile and 90% range of 

the mean SI were 0.04 and 0.10 respectively for the young subjects and 0.08 and 0.16 

respectively for the elderly subjects, showing that there was little variation in the 

mean SI for the group of healthy subjects.

I I I s I I
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Figure 11.6 Distribution of mean 
symmetry index during sitting for 
young healthy subjects.

Figure 11.7 Distribution of mean 
symmetry index during sitting for 
elderly healthy subjects.

young elderly
median -0.01 0.00
25th percentile -0.02 -0.04
75th percentile 0.02 0.04
interquartile range 0,04 0.08
5th percentile -0.05 -0.10
95th percentile 0.05 0.06
90% range 0,10 0.16

Table 11.3 Medians and percentiles for 
sitting. Young and elderly healthy 
subjects (SI).

To examine the association between the symmetry of weight distribution in sitting and 

the independent variables (age, age-group, gender, mass, height, lower-leg length and 

dominant hand) multiple regression was carried out. Multiple regression determines 

the regression equation, Y = mX + c, for the relationship between the dependent 

variable (Y) and the independent variable (X) (where m is the gradient of the line and 

c, the constant, is the intercept with the Y-axis). The R-squared value, the coefficient 

of determination, provides a representation of the percentage correlation between the
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dependent and independent variable. R-squared is a value from 0 to 1. In addition to 

the R-squared value, the statistical significance of the gradient (tm) and the constant o f 

the regression line (tc) can be determined. For the purpose of this study, significant 

association was defined as occurring when there was greater than 10% association (R- 

squared > 0.1) and the significance of the gradient and constant was greater than 95% 

(tm < 0.05 and tc < 0.05). Table 11.4 illustrates the R-squared value and tm and to, and 

the gradient and constant for the regression equations for which there was significant 

association between the dependent and independent variables.

independent
variable

age age
group

gender mass height lower leg 
length

dominant
hand

0.007 0.004 0.190 0.009 0.046 0.037 0.050
tm 0.616 0.709 0.005 0.558 0.182 0.236 0.168
tc 0.905 0.897 0.089 0.496 0.171 0.218 0.257

gradient
constant

Table 11.4 R-squared and significance values for association between mean 
sitting SI and independent variables.

The R-squared value for the association between the mean sitting symmetry and 

gender indicates that there was a 19% association between these variables. The 

significant t value for the gradient (tm) indicated that this was statistically significant; 

however tc was not significant. There was therefore no significant association 

between the mean SI during sitting and any of the independent variables.

11.3 Hemiplegic subjects

11.3.1 Baseline measurement (week 0)

The mean o f the 3 repeated measures of sitting symmetry on each test week was 

determined for each hemiplegic subject. The distribution of the mean SI from the 

baseline measure (week 0) for the hemiplegic subjects is shown in Figure 11.9. The 

distribution of the mean SI for the hemiplegic subjects can be compared with that 

from the healthy subjects: Figure 11.8 shows the distribution for the young and 

elderly healthy subjects combined. The distribution of the mean values from the 

hemiplegic subjects can be observed to be around 0. The median value for the 

hemiplegic subjects was -0.01. This was the same as the median value for the healthy 

subjects (young and elderly combined). In addition, these graphs demonstrate that
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there was greater variation between the hemiplegic subjects than there was between 

normal subjects. This observation was supported by the values o f the interquartile 

and 90% range: the interquartile range was 0.06 for the healthy subjects and 0.13 for 

the hemiplegic subjects, and the 90% range was 0.15 for the healthy subjects and 0.34 

for the hemiplegic subjects. Thus while there was no difference in the median values 

for the mean SI during sitting for the groups of healthy and hemiplegic subjects, there 

was a difference in the magnitude of the variation between subjects. This implies 

that the hemiplegic subjects sat with more varied symmetry o f weight distribution 

than the healthy subjects, but that, on average, the weight distribution was 

symmetrical.
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Figure 11.8 Distribution of mean 
symmetry index during sitting for 
healthy subjects (young and elderly 
combined).

Figure 11.9 Distribution of mean 
symmetry index during sitting for 
hemiplegic subjects during week 0 
(control and practice combined).

11.3.2 Control and practice groups

The relatively low number of subjects in the control and practice groups, the decrease 

in numbers over the test weeks due to patient discharge, and the relatively large 

variation between individual subjects, prevented the use of statistical tests to compare 

the control group and practice group results. Subsequently, comparison between the 

control group and practice group results was carried out with the use o f descriptive 

statistics. The median, 5^, 25% 75^ and 90* percentiles for the control and practice 

group subjects for each of the test weeks are displayed in Table 11.5 and Table 11.6 

respectively. The median, interquartile range and range are shown graphically in 

Figure 11.10.
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healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median -0.010 -0.029 0.002 -0.020 0.046 0.033 0.046 0.061
25th percentile 
75th percentile 
interquartile range

-0.030
0.031
0.051

-0.074
0.014
0.088

-0.057
0.043
0.099

-0.092
0.049
0.141

-0.042
0.073
0.115

-0.017
0.097
0.114

0.019
0.083
0.064

0.011
0.128
0.116

5th percentile 
95th percentile 
90% range

-0.095
0.057
0.152

-0.188
0.147
0.335

-0.137
0.169
0.306

-0.142
0.157
0.299

-0.098
0.189
0.288

-0.059
0.167
0.226

-0.002
0.182
0.184

-0.024
0.219
0.244

Table 11.5 Median and percentiles for sitting SI. Control group subjects (SI).

healthy week 0 Week 1 week 2 week 3 week 4 week 5 week 6
median -0.010 0.084 0.067 0.065 0.025 0.127 0.077 0.141
25th percentile 
75th percentile 
interquartile range

-0.030
0.031
0.061

0.058
0.103
0.045

-0.001
0.130
0.131

-0.027
0.113
0.139

-0.106
0.121
0.227

0.066
0.174
0.107

0.076
0.139
0.062

0.024
0.143
0.118

5th percentile 
95th percentile 
90% range

-0.095
0.057
0.152

-0.013
0.230
0.243

-0.101
0.159
0.259

-0.084
0.121
0.205

-0.169
0.189
0.358

-0.080
0.239
0.319

-0.052
0.224
0.276

-0.017
0.153
0.171

Table 11.6 Median and percentiles for sitting SI. Practice group subjects (SI).
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Figure 11.10 Medians and interquartile ranges of symmetry of sitting for control 
and practice group subjects over 7 test weeks

Control group versus healthy subjects

The median value for the symmetry of sitting for the control group subjects was very 

similar to that of the healthy subjects during test weeks 0, 1 and 2 (-0.01 for the 

healthy subjects and -0.03, 0.00 and -0.02 for the control group subjects during 

weeks 0, 1 and 2 respectively). During test weeks 3-6 the median values for the 

symmetry of sitting for the control group subjects were greater than that o f the healthy
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subjects. The control group median values were greater than the 75̂  ̂percentile of the 

healthy subject data in weeks 3, 4 and 5 and greater than the 95* percentile of the 

healthy subject data in week 6. The interquartile range and 90% range for the control 

group subjects were larger than that of the healthy subjects throughout the test weeks, 

although the 90% range decreased from week 0 through to week 5.

Practice group versus healthy subjects

The median values for the symmetry o f sitting for the practice group subjects were 

greater than the healthy subject median value on all test weeks. The median values 

decreased, becoming closer to 0, from week 0 to 3 but were greater in weeks 4, 5 and 

6. The practice group median values were greater than the 95* percentile from the 

healthy subjects on all test weeks except week 3, when the practice group median was 

within the healthy subject interquartile range. As for the control group subjects, the 

interquartile and 90% range from the practice group subjects were greater than those 

for the healthy subjects.

Control group versus practice group

Comparing the control and practice group subject results indicates that the practice 

group subjects distributed considerably more weight on to the unaffected side than the 

control group during the initial (week 0) measurement. The differences between the 

symmetry o f sitting by the control and practice group were less remarkable during test 

weeks 1-6, although the practice group subjects tended to distribute slightly more 

weight to the unaffected side than the control group throughout the entire test period. 

During all test weeks there was a large area of overlap in the interquartile range and 

range between the results o f the control and practice group; this indicates that the 

small differences in the median values between the groups and test weeks may not 

have been consequential.

11.3.3 Effect of discharge on group results

The number of subjects in both the control and practice groups decreased over the test 

weeks as subjects were discharged from the trial. It is therefore possible that 

exploring the results for the groups of subjects may preclude the observation o f any 

trends in the symmetry data of individual subjects. Examining the results of the 

subjects who had measurements taken on all 7 test weeks, and examining the results
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of subjects who were discharged home prior to week 6, may provide information 

pertaining to trends in the data over time. The median, interquartile range and range 

of the SI for subjects not discharged, discharged home and discharged for other 

reasons are plotted against the test week in Figure 11.11, Figure 11.12 and Figure 

11.13. The patterns and trends in these graphs can be compared with the group 

results in Figure 11.10. The median values and the interquartile range data for the SI 

of each of these groups is displayed in Table 11.7 and Table 11.8.

Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 

discharged home 
discharged other

-0.005
-0.045
-0.154

0.004
0.027
-0.075

0.034
-0.074
-0.109

0.063
-0.002
-0.176

0.028
0.033

0.059
0.014

0.061

practice not discharged 
discharged home 
discharged other

0.069
0.095
0.177

0.126
-0.037
0.102

0.110
-0.059
0.058

0.096
-0.125

0.127 0.077 0.141

Table 11.7 Median values of symmetry of sitting for control and practice groups 
according to discharge status (SI).

Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 

discharged home 
discharged other

0.143
0.094
0.092

0.081
0.093
0.056

0.127
0.079
0.000

0.088
0.099
0.000

0.124
0.074

0.079
0.024

0.116

practice not discharged 
discharged home 
discharged other

0.027
0.012
0.134

0.114
0.068
0.000

0.049
0.041
0.000

0.177
0.000

0.107 0.062 0.118

Table 11.8 Interquartile range values for symmetry of sitting for control and 
practice groups according to discharge status (SI).
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Figure 11.11 Median, interquartile range and range of symmetry of sitting for 
hemiplegic subjects completing 7 test weeks.

I I Control group 
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Figure 11.12 Median, interquartile range and range of symmetry of sitting for 
hemiplegic subjects discharged home before test week 6.
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Figure 11.13 Median, interquartile range and range of symmetry of sitting for 
hemiplegic subjects discharged for reasons other than home before week 6.
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Comparing the results from the whole control group with the results from the control 

group subjects who were tested for 7 weeks demonstrates that there was little 

difference between these two groups. This suggests that the influence o f discharge on 

the control group results was minimal. Examining the data from the control group 

subjects who were discharged home supports this, as there was little difference in the 

results of these subjects and the subjects who were not discharged. The subjects who 

were discharged for other reasons exhibited greater weight bearing on the affected 

side; however, there were only 3 subjects in this group.

A difference can be observed between the results from the whole practice group and 

the results from the practice group subjects who were tested for 7 weeks. In the whole 

practice group results it was noted that the SI became closer to 0 (less weight on 

unaffected side) during test weeks 1, 2 and 3, but that there was increased weight 

bearing on the unaffected side during test weeks 4, 5, and 6. This pattern did not 

occur in the practice group subjects who were not discharged before week 6; there 

was little observable change in the SI from these subjects over the test weeks, with 

increased weight distribution to the unaffected side on all test weeks. An explanation 

for the difference between the whole practice group and the practice group subjects 

who were not discharged prior to week 6 is found in the observation o f the results 

from the practice group subjects who were discharged home or discharged for other 

reasons. The SI for both of these groups decreased (increased weight on the affected 

side) over the test weeks. No practice group subjects were discharged during test 

weeks 4, 5 and 6; hence the influence o f the different symmetry values from the 

discharged subjects occurred during test weeks 1, 2 and 3 but not during test weeks 4, 

5 and 6.

Thus, while there was no apparent difference between the symmetry results for 

control group subjects who were or were not discharged during the study period, the 

case for the practice group subjects differed. Practice group subjects who were not 

discharged prior to the end of the study period exhibited symmetry results that did not 

change greatly over the test weeks. In contrast, practice group subjects who were 

discharged before the end of the study period demonstrated symmetry of weight 

bearing which shifted toward the affected side during the test weeks. However, the
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low number of subjects within the practice group limits the ability to generalise from 

these results.

11.3.4 Classification of ability

Although differences were observed between the healthy subjects and the stroke 

patients, these differences were small. Despite the small differences in the median 

values and the larger magnitude of the interquartile and 90% ranges in the patient 

groups, there was considerable overlap between the interquartile range and 90% range 

of the healthy subject data and that of the hemiplegic subjects. The overlap between 

the healthy subject data and the hemiplegic subject data indicates that the weight 

distribution of some of the individual hemiplegic subjects fell within the normative 

range, as defined by the healthy subjects. Whether a patient with stroke has an ability 

that is within or is not within the normative range is of ultimate importance in the 

assessment of that patient. The accurate classification of a patient’s ability into 

“unable”, “normal” or “abnormal” can be argued to provide essential information 

pertaining to the patient’s ability.

The range of symmetry values determined for the healthy subjects encompasses the SI 

results for all 40 healthy subjects. This range potentially includes a proportion of 

statistical “outliers”. A more appropriate definition of the “normal” range is therefore 

the range lying between the 5^ and 95* percentiles of the healthy subject data (the 

90% range). This definition was therefore used to determine whether individual 

patients exhibited symmetry o f weight bearing in sitting which was within or was out 

with the “normal” range. The proportion of control and practice group subjects 

unable to achieve sitting, sitting with weight distribution out o f the normal range 

(“abnormal”) or sitting with weight distribution within the normal range (“normal”) 

was determined using the definition of “normal” provided. These data are displayed 

in Table 11.9 and graphically in Figure 11.14 and Figure 11.15.
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unable
Control

abnorm al norm al unable
Practice

abnorm al norm al Chi^
W eek 0 0% 42% 58% 0% 78% 22% 0.077
W eek 1 0% 39% 61% 0% 63% 38% 0.265
W eek 2 0% 47% 53% 0% 75% 25% 0.189
W eek 3 0% 56% 44% 0% 83% 17% 0.240
W eek 4 0% 53% 47% 0% 100% 0% 0.0
W eek 5 0% 43% 57% 0% 80% 20% 0.153
W eek 6 0% 60% 40% 0% 60% 40% 1.000

Table 11.9 Proportion of control and practice group subjects achieving normal 
weight distribution in sitting, and the Chi^ statistic for the difference between the 
ability of the control and practice group subjects.

Figure 11.14 
Proportion of control 
group subjects 
achieving normal 
weight distribution in 
sitting on different test 
weeks.

W eek 2 Week 3  Week 4 W eek 5

■abnorm al
■normal

Figure 11.15 
Proportion of practice 
group subjects 
achieving normal 
weight distribution in 
sitting on different test 
weeks.

The proportion of control to practice subjects achieving normal weight distribution in 

sitting was uneven at week 0, with a larger proportion of control group subjects 

achieving normal weight distribution; this trend remained throughout the test weeks. 

This trend results in distinctive differences between the control and practice group
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results, with a higher proportion of control group subjects achieving normal weight 

distribution throughout the test period. The statistical difference between the 

proportion of control and practice group subjects achieving normal and abnormal 

weight distribution can be determined using the Chi-squared test. This test 

determines the significance of the differences between two independent samples, 

determining whether the two samples differ with respect to the proportion o f results in 

each classification. The Chi-squared values are displayed in Table 11.9. These 

demonstrate that there was no significant difference between the control and practice 

group results (Chi^>0.05). Thus, although differences can be observed between the 

two groups these differences do not reach significance, at the chosen significance 

level (Chi^<0.05).

There was no observable trend in the proportion of subjects achieving normal weight 

distribution for either the control or practice group over the test weeks. This 

observation was explored further by determining the change in each subject’s ability 

between the first and last measurement o f sitting. The number of control and practice 

group subjects with sitting ability that did and did not change relative to the normal is 

displayed in Table 11.10. The ability o f a large proportion of both the control and 

practice group subjects did not change between the initial and final measurement; 

there was no change in the ability of 68% (0% + 26% + 42%) of the control group and 

in 89% (0% + 67% + 22%) of the practice group. A similar proportion of control and 

practice group subjects improved in their ability, with the initial weight distribution 

out with the normal range and the final weight distribution within (16% of the control 

group and 11% of the practice group). The ability of none of the practice group 

subjects deteriorated (starting normal and becoming abnormal) while the ability of 

16% of the control group subjects became worse.

Ability at final measurement

unable
C ontrol

abnorm al norm al unable
Practice

abnorm al norm al
Unable 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)
A bnorm al 0(0%) 5 (26%) 3 (16%) 0(0%) 6 (67%) 1 (11%)

< Normal 0(0%) 3 (16%) 8 (42%) 0(0%) 0(0%4 2 (22%)

Table 11.10 Number (and percentage) of control and practice group subjects 
with ability to achieve normal symmetry of weight distribution in sitting 
changing between the initial and final measurement.
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12. Results: standing

12.1 Raw data and analysis

The symmetry index was detennined for each 10 second test o f standing. Examples 

o f the SI over the 10 seconds of data collection, as derived from the force data, for a 

young healthy, elderly healthy and hemiplegic subject are provided in Figure 12.1, 

Figure 12.2 and Figure 12.3.

Figure 12.1 Symmetry of standing. Young healthy subject.

Figure 12.2 Symmetry of standing. Elderly healthy subject.
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Figure 12.3 Symmetry of standing. Hemiplegic subject.

It can be observed that the SI varies over the 10 seconds of data collection. It has 

previously been identified that weight distribution in stance varies due to body sway 

(Black et al, 1982; Ring et al, 1988; De Weerdt et al, 1989; Ekdahl et al, 1989; 

Sackley, 1990, 1991; Sackley and Lincoln, 1991). It has also been identified that 

sway during stance, in both healthy and hemiplegic subjects is reciprocal (Mizrahi et 

al, 1989). This infers that, while variables such as the maximum, minimum and range 

of the SI would provide information relating to the magnitude o f body sway, the mean 

SI was a valid variable in the assessment o f weight distribution in stance. The use o f 

the mean SI during stance as an outcome measure was advantageous as it allowed 

comparisons with values in the literature (e.g. Bohannon and Larkin, 1985; Caldwell 

et al, 1986; Dettmann et al, 1987; Sackley, 1990, 1991; Bohannon and Tinti-Wald, 

1991; Sackley and Lincoln, 1991; Wu et al, 1996). Additionally the mean SI was 

relevant to the goals of clinical intervention, and allowed investigation of the 

relationship between the symmetry of weight distribution in sitting and standing. 

While the use of the mean SI did not provide a measure o f postural sway in stance, the 

use o f the mean SI met the aim of exploring symmetry of weight distribution. Hence, 

the mean SI over the 10 seconds of data collection for each measurement of standing 

was selected as the outcome variable and was determined for each test of standing.

12.2 Healthy subjects

The percentage close agreement for the 3 trials of standing for the young and elderly 

subjects are shown in Table 12.1. The variation between the 3 repeated measures was 

very low, with 90% of the differences between repeated measures being less than 0.07
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for the young subjects and less than 0.10 for the elderly subjects. These values are 

comparable with the variation between the repeated measures of sitting (0.08 and

0.14 for young and elderly subjects respectively).

PCA (80%) PCA (90%) PCA (95%) PCA (100%)
Young 0.05 0.07 0.09 0.12

Elderly 0.09 O.IO O.ll 0.19

Table 12.1 PCA and PEA for 3 repeated trials of mean symmetry of standing; 
young and elderly healthy subjects (SI).

Figure 12.4 illustrates the variation between the repeated trials for the elderly subjects; 

the variation between the repeated trials for the young subjects was similar in profile. 

The variation between the 3 repeated measures (90% of the differences between 

repeated measures were within 0.07 for the young subjects and 0.10 for the elderly 

subjects) was slightly less than the variation between the subjects (90% of the mean 

results from the group were within 0.19 for the young subjects and 0.21 for the elderly 

subjects). The mean of the 3 repeated measures for the symmetry of weight 

distribution during stance for each subject was used in the remaining analysis.

su b je c ts

Figure 12.4 Mean 
symmetry index 
from 3 trials of 
standing. Elderly 
healthy subjects.

The distribution of the mean SI during standing is illustrated in Figure 12.5 and 

Figure 12.6, and the medians and percentiles o f the SI during stance are displayed in 

Table 12.2. The results from the young subjects demonstrated a normal distribution, 

with the centre of the distribution located close to zero, indicating that the young 

healthy subjects tended to have symmetrical weight distribution in stance. However, 

the distribution of the data from the elderly subjects was slightly shifted to the right.

245



indicating that the elderly subjects distributed more weight to the left side. This was 

confirmed by the median SI, which was 0.00 for the young subjects and 0.04 for the 

elderly subjects. Despite this difference the variation between the two groups of 

subjects was similar, with both groups demonstrating relatively low interquartile and 

90% ranges (0.062 and 0.210 respectively for the young subjects; 0.126 and 0.194 

respectively for the elderly subjects).

§ S g | S 5 g S g S 5 S 5 5 g 5 S 5 I S 5 S S
6 d 6 d d e d e - > ^

range  of SI

Figure 12.5 Distribution of mean 
symmetry index during standing for 
young healthy subjects.

Figure 12.6 Distribution of mean 
symmetry index during standing for 
elderly healthy subjects.

young elderly
Median -0 .002 0 .036
25th percentile 
75th percentile 
Interquartile range

-0 .042 -0.023 
0 .020  0.103 
0.062  0.126

5th percentile 
95th percentile 
90% range

-0 .132 -0 .055 
0 .078  0 .139  
0 .210  0 .194

Table 12.2 Medians and percentiles for 
standing. Young and elderly healthy 
subjects (SI).

Multiple regression was carried out to investigate the association between the SI 

during standing and the independent variables (gender, age, age group, height, body 

mass, lower-leg length, dominant hand). The R-square values and significance levels 

are listed in Table 12.3.
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independent
variable

age age
group

gender mass height lower leg 
length

dominant
hand

0.146 0.137 0.018 0.000 0.043 0.020 0.000
tm 0.015 0.019 0.413 0.979 0.200 0.378 0.961
tc 0.080 0.052 0.221 0.916 0.184 0.346 0.835

gradient
constant

Table 12.3 R-squared and significance values for association between mean 
standing SI and independent variables.

The definition of significant association previously identified (section 10.2) was used. 

There was a greater than 10% association between the mean SI during stance and the 

age (R^ = 0.146) and age-group (R^ = 0.137) of the subjects. This confirmed the 

previous observations pertaining to differences in the distribution of the mean results 

for the young and elderly subjects. The regression equations and significant t values 

for the association between the mean SI and the age and age-group (young or elderly) 

are shown in Table 12.3. The significant t values for the intercept of the regression 

line were slightly greater than the assigned level of significance (t <0.05). However, 

these values were nearing significance and therefore suggested that there could 

potentially be significant associations between the mean SI during standing and the 

age of subjects. The association found with these results was not significant, 

according to the previous definitions, and it was therefore appropriate to combine the 

results from the young and elderly subjects in the subsequent analysis.

12.3 Hemiplegic subjects

12.3.1 Baseline measurement (week 0)

The low number of subjects achieving stance in week 0 (n=4) precluded the 

investigation of the distribution o f the symmetry of stance prior to the start o f the 

intervention. Similarly, the median and percentile values determined for the control 

group and practice group subjects during week 0 had to be interpreted with care, as 

data was available from only 2 control group and 2 practice group subjects.

12.3.2 Control and practice groups

As in the analysis of the symmetry of sitting for the control group and practice group 

subjects, the data were explored using descriptive statistics. The median, 5*, 25^, 75^

247



and 90^ percentiles for the control and practice group subjects for each of the test 

weeks are displayed in Table 12.4 and Table 12.5 respectively. The median,

interquartile range and range are shown graphically in Figure 12.7.

healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median -0.001 0.087 0.010 0.110 0.091 0.033 0.058 0 .048
25th percentile 
75th percentile 
interquartile range

-0 .039
0 .060
0,100

0.063
0 .110
0.047

-0 .113
0.151
0.264

0.073
0.152
0.079

-0.031
0.144
0.175

-0.038
0,135
0.173

-0.051
0.187
0.238

-0.057
0.116
0.173

5th percentile 
95th percentile 
90% range

-0 ,126
0.124
0.249

0.045
0.129
0.084

-0.177
0.228
0.405

-0.017
0.304
0.321

-0.078
0.376
0.454

-0.322
0.240
0.562

-0.217
0.235
0.452

-0 .303
0.332
0.634

Table 12.4 Median and percentiles for standing SI. Control group subjects (SI).

healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median -0.001 0.102 0.191 0.090 0.266 0.190 0.018 0.099
25th percentile 
75th percentile 
interquartiie range

-0 .039
0.060
0.100

0.012
0.192
0.180

0.026
0.337
0.310

0.069
0.317
0.248

0.257
0.298
0.041

-0.138
0.250
0.388

-0 .120
0.165
0.285

0.031
0.240
0.208

5th percentile 
95th percentile 
90% range

-0 .126 
0 124 
0 .249

-0.060
0.264
0.324

-0 .066
0.384
0.449

-0.147
0.449
0.596

0.251
0.325
0.074

-0.155
0.268
0.423

-0 .188
0.252
0.440

-0.226
0.277
0.503

Table 12.5 Median and percentiles for standing SI. Practice group subjects (SI).

I.-..I Control group 

■ i  Practice group

v e e k 4  v e e k S  \ i « e k §

Figure 12.7 Medians and interquartile ranges of symmetry of stance for control 

and practice group subjects over 7 test weeks.
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Control group versus healthy subjects

The median SI for the control group was greater than that of the healthy subjects on 

all test weeks. This suggests that the hemiplegic subjects had increased weight 

bearing to the unaffected side on all test weeks. The absolute values of the 25^ 

percentile were less than the 75^ percentile on all test weeks, further demonstrating 

the tendency for preferred weight bearing on the unaffected side. Although the 

interquartile range and 90% range of the control group subjects was less than that of 

the healthy subjects during week 0 (control group, n=2), during weeks 1-6 the range 

of data for the control group subjects was greater than the range for the healthy 

subjects.

Practice group versus healthy subjects

The comparison between the practice group and the healthy subjects was similar to 

the comparison between the control group and the healthy subjects. On all test weeks 

the median SI for the practice group subjects indicated that the practice group subjects 

tended to weight bear more through the unaffected than through the affected leg. This 

was confirmed by the practice group percentile values, with the absolute values of the 

5^ and 25* percentiles being less than the 95* and 75* percentiles respectively on all 

test weeks. With the exception of test week 3, the interquartile and 90% range for the 

practice group subjects was greater than that o f the healthy subjects on all test weeks.

Control group versus practice group

The median and interquartile ranges of the SI for the control and practice group 

subject did not indicate any remarkable differences between the two groups. No 

trends could be observed in the data over the 7 weeks of data collection, with the 

exception of the continued tendency for increased weight distribution to the 

unaffected side by both groups.

12.3.3 Effect of discharge and inability to perform on group results

The high number of subjects who were unable to achieve stance during the initial test 

weeks, and the decrease in the numbers in both the control and practice groups due to 

discharge may have resulted in median and percentile results which were not 

representative o f trends in individual subjects. The mean number o f measurements 

taken from the control group subjects was 3.7, and from the practice group subjects
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was 3.1. The low number of measurements makes the exploration o f trends in the 

data difficult. However, there are 2 methods that can be used to explore the 

possibility of trends in the data. The first o f these involves investigating the trends in 

the data of subjects who completed more than a certain number o f tests. This 

demonstrates the pattern of change over a number of test weeks: due to the nature of 

this process this is likely to primarily include the subjects who had the ability to stand 

but who were not discharged from the trial. The second method of exploring trends in 

the data is to determine the variables from the first and last test recorded from all of 

the subjects achieving stance during the test period. This method includes a higher 

number of subjects than the first method, and will generally include subjects 

regardless of discharge status. Although the number of weeks between the first and 

last test varied between subjects, this method has the potential to indicate generalised 

group trends.

In order to use the first method of analysis it was necessary to determine the minimum 

number of test weeks that subjects were to have completed to allow inclusion in the 

analysis. Exploration o f the number of subjects completing tests over the test period 

revealed that only 1 of the practice group subjects had completed more than 4 

consecutive weekly tests of stance. Therefore the use of only subjects completing 

more than 4 consecutive tests would not include sufficient subjects for analysis. 

Therefore analysis was carried out using the data from any subject who completed 4 

or more tests o f stance. This included 68% (n=13) of the control group subjects, and 

44% (n=4) of the practice group subjects. Figure 12.8 displays the median, 

interquartile range and range of the symmetry o f weight distribution in standing for 

the control and practice group subjects completing 4 or more tests of stance. The 

pattern of results for the control and practice group subjects who completed 4 or more 

tests of stance was not observably different to the results obtained from the whole 

group (Figure 12.7). This suggests that the results from the subjects only managing to 

complete relatively few (3 or less) tests of stance did not unduly influence the patterns 

and trends observed in the data.
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1— .1 Control group 

■ I  Practice group

Figure 12.8 Median, interquartile range and range of symmetry of standing for 
hemiplegic subjects completing 4 or more tests of stance.

The second method of investigating trends in the standing data included a greater 

number of subjects than the previous method, and can therefore be argued to be a 

more robust analysis. This method involved determining the mean standing 

symmetry for both the first and last test for each subject who attained stance during 

the 7 weeks of testing. Table 12.6 displays the median and interquartile range of the 

SI during standing from the first and last test for the control and practice group 

subjects. These figures demonstrate that both the control and practice group subjects 

distributed more weight to the unaffected side during the last test than during the first 

test. Although it can be noted for both the control and practice group subjects that, 

while the degree o f asymmetry increased between the first and last test and the 

variation between subjects decreased (as reflected in the decrease in the interquartile 

range), the magnitude of these changes were small. It was therefore difficult to 

determine any trends in the pattern of symmetry of stance data; this concurs with the 

conclusions drawn from the whole-group data.

control practice
median 1st test 

last test
0.015
0.075

0.056
0.094

interquartile range 1st test 
last test

0.201
0.189

0.364
0.187

Table 12.6 Median and interquartile range for symmetry of stance during 
subjects’ first and last tests (SI).
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12.3.4 Classification of ability

Using the definition of ‘normal’ values determined in the analysis of the sitting data 

(being equal to the 90% range from the healthy subjects) the proportion of hemiplegic 

subjects with symmetry of weight distribution in stance within the normal range was 

determined. Additionally, the proportion of subjects unable to perform the task was 

assessed. The proportion of subjects with “normal” weight distribution in stance is 

illustrated in Table 12.7, and in Figure 12.9 and Figure 12.10.

unable
Control

abnorm al norm al unable
Practice

abnorm al norm al Chi^
W eek 0 90% 5% 5% 78% 11% 11% 0.711
W eek 1 45% 33% 22% 50% 25% 25% 0.914
W eek 2 30% 35% 35% 37% 38% 25% 0.46/
W eek 3 18% 29% 53% 50% 50% 0% 0.064
W eek 4 18% 44% 38% 0% 10#% 0%
W eek 5 20% 47% 33% 0% 75% 25% 0.509
W eek 6 28% 27% 45% 0% 60% 40% 0.306

Table 12.7 Proportion of control and practice group subjects achieving normal 
weight distribution in standing, and the Chi^ statistic for the difference between 
the ability of the control and practice group subjects.

□ unabl*
■  abnorrmi

Figure 12.9 
Proportion of control 
group subjects 
achieving normal 
weight distribution in 
standing on different 
test weeks.

W ««k2 W ««k3 W#*k4

Figure 12.10 
Proportion of practice 
group subjects 
achieving normal 
weight distribution in 
standing on different 
test days.

Week 2 Week 3
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The proportion of subjects unable to stand during the initial test week (week 0) was 

very high for both the practice (78%) and control (90%) groups. In both groups the 

proportion of subjects unable to stand reduced over the test weeks. However, by 

week 4 the entire practice group was able to stand, while around 20% of the control 

group subjects remained unable. The proportion o f control group subjects achieving 

normal weight distribution increased from week 0 to week 3, and remained above 

30% for the remaining test weeks. A smaller proportion o f practice group subjects 

than control group subjects achieved normal weight distribution in stance during test 

weeks 2 - 6 .  Subsequently, during the latter test weeks the practice group had a 

greater proportion o f subjects who, although able to stand, had symmetry indices out 

with the normal range. While these differences can be observed in the ability o f the 

control and practice group subjects, statistical comparison using the Chi-squared test 

revealed that there were no significant differences between the ability of the two 

groups. The Chi-squared values are displayed in Table 12.7.

The number of control and practice group subjects with standing ability that did and 

did not change between their first and last test day is shown in Table 12.8. These 

results demonstrate that, while a high proportion of control (26%+38%+26% = 90%) 

and practice (11%+33%+33% = 77%) group subjects were unable to perform standing 

during the first test week, 64% (38%+26%) of the control group subjects and 66% 

(33%+33%) of the practice group subjects attained the ability to stand during the test 

period. Comparing the ability of the control and practice group subjects 

demonstrates that there was little difference in the proportion o f subjects from the two 

groups attaining “abnormal” or “normal” symmetry of stance over the test period.

Ability at final measurement

Unable
C ontrol

abnorm al norm al unable
Practice

abnorm al norm al

5 Unable 5 (26% ) 7 (38% ) 5 (26% ) 1 (11% ) 3 (33% ) 3 (33% )
•'tï A bnorm al 0% 0% 1 (5%) 0% 1 (11% ) 0%
< 3 N orm al 0% 0% 1 (5%) 0% 0% 1 (11%)

Table 12.8 Number (and percentage) of control and practice group subjects with 
ability to achieve normal symmetry of weight distribution in standing changing 
between the initial and final measurement.
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13. Results: Rising to stand

13.1 Raw data and analysis

The symmetry index, SI, was determined for each measured rise to stand. Examples 

of the SI during rising to stand for a young, elderly, and hemiplegic subject are 

provided in Figure 13.1, Figure 13.2 and Figure 13.3. In addition to displaying the SI, 

these graphs display the point where seat-off occurred and the points where the 

movement was identified to start and stop.

13.1.1 Calculation of phases

Rising to stand was divided into a seat-on (phase 1) and a seat-off (phase 2) phase. In 

order to ensure that the division o f the data into two phases, and the identification of 

the start and end of the movement, were repeatable these were computed from the raw 

data. Movement was defined as occurring if the total vertical force varied more than 

plus or minus 2 standard deviations from the mean vertical force determined during 

rest.

Seat-on phase

The start o f movement was determined by calculating the mean and standard 

deviation o f the total vertical force over 1 second o f data collection immediately prior 

to the command for the subject to start moving. When the vertical force became 

greater than the mean resting vertical force by + 2 standard deviations, or became less 

than the mean resting vertical force by -  2 standard deviations, it was assumed that 

movement was occurring. To ensure that this was not an anomalous change, due to 

postural sway, the movement was not assumed to have started until the vertical force 

had remained out of the ‘normal’ range for at least 8 out of 10 consecutive samples.

The end of this phase was defined as the moment in time when seat-off occurred. 

This point occurred when the vertical force recorded by the seat section became zero. 

(To allow for the slight noise within the measurement system and the potential effects 

o f foam on the seat o f the chair, this point was, in fact, determined as occurring when 

the force through the seat became less than IN.)
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Figure 13.1 Symmetry of rising to stand. Young healthy subject.
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Figure 13.2 Symmetry of rising to stand. Elderly healthy subject.
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Figure 13.3 Symmetry of rising to stand. Hemiplegic subject.
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Seat-off phase

This phase started at seat-off.

The end of movement was determined by calculating the mean and standard deviation 

o f the total vertical force over 1 second of data collection, at a point 2 seconds after 

the subject was observed to stop moving. When the vertical force was within the 

range defined by the mean ± 2 standard deviations from the mean, it was assumed that 

movement had ceased. To ensure that this was not an anomalous finding, as the 

vertical force moved through the range, the movement was not assumed to have 

stopped until the vertical force remained within the ‘normal’ range for at least 8 out of 

10 consecutive samples.

Figure 13.1, Figure 13.2 and Figure 13.3 illustrate that there was considerable 

variation in the SI during rising to stand in both healthy and hemiplegic subjects. In a 

study that measured the symmetry of weight distribution under the feet during the 

seat-off phase of rising to stand in healthy and hemiplegic subjects, Durward (1994) 

reported the mean, maximum, minimum and range of the SI, However, analysis of 

this data revealed that, while the mean values were highly reproducible, there was 

greater variation in the maximum, minimum and range of the SI. Although Durward 

reported and discussed the maximum, minimum and range of the SI, it was the mean 

SI which was found to be the most informative regarding hemiplegic patients’ ability 

and which was found to be consistent with values in the literature. While omitting to 

determine and report variables pertaining to the variation in the SI during rising to 

stand may potentially remove valuable information relating to consistency of 

performance, there were several advantages to the use of the mean SI as the outcome 

variable. These included the higher degree o f reproducibility found in previous 

studies (Durward, 1994) and the relationship of this variable to the goals of clinical 

rehabilitation of rising to stand for subjects with hemiplegia. The mean weight 

distribution is a variable that has been widely reported in the literature, both for this 

function and for other functions. The mean SI is a variable that provides clinically 

relevant information and that may be compared and related to variables reported in the 

literature and to the outcome variables determined for other functions in this study.
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Hence the mean SI during the seat-on and seat-off were selected as the outcome 

variables and were determined for each test o f rising to stand.

In addition to the use of the mean SI, the time taken to rise to stand was determined. 

This variable was included as a measure of ability as Durward (1994) proposed that 

that the time to rise to stand provided a basic but fundamental indicator of functional 

ability in stroke patients.

13.2 Healthy subjects

The percentage close agreement for each o f the two phases o f the 3 trials o f rising to 

stand for the young and elderly subjects are provided in Table 13.1. The variation 

between the 3 repeated measures of the mean SI during the seat-on phase was low 

(90% of differences less than 0.07 for young and 0.12 for elderly subjects), and was 

similar to the variation found in repeated trials o f quiet sitting (90% of differences less 

than 0.08 for young and 0.14 for elderly subjects). The variation between the 3 

repeated measures of the mean SI during the seat-off phases was greater than that of 

the seat-on phase, and also greater than that found in repeated trials of quiet stance. 

90% of the differences in repeated measures for the seat-off phase were less than 0.19 

for the young subjects and 0.25 for the elderly subjects, while for repeated trials of 

quiet stance these values were 0.07 and 0.10 respectively. The variation in repeated 

measures of the time taken to stand up was relatively low with 90% of the differences 

being less that 1 second, for the young and elderly subjects.

PCA (80% ) PCA (90% ) PCA (95% ) PCA (100% )
S e a t - o n  p h a s e Young 0.05 0.07 0.08 0.12

(SI) Elderly 0.09 0.12 0.14 0.17
Se a t - o f f  p h a s e Young 0.16 0.19 0.28 0.42

(SI) Elderly 0.16 0.25 0 39 0.45
T im e  ( s) Young 0.8 1.0 1.4 1.9

Elderly 0.7 0.9 1.0 2.7

Table 13.1 PCA for reported variable from 3 repeated trials of rising to stand; 
young and elderly healthy subjects.
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Figure 13.4 Mean 
symmetry index 
from 3 trials of 
rising to stand : 
seat-on phase. 
Young healthy 
subjects.

Figure 13.5 Mean 
symmetry index 
from 3 trials of 
rising to stand: 
seat-off phase. 
Young healthy 
subjects.

Figure 13.6 Mean 
time taken to 
stand up from 3 
trials of rising to 
stand. Young 
healthy subjects.

Figure 13.4, Figure 13.5 and Figure 13.6 illustrate the variation between the SI for the 

seat-on and seat-off phases and between the time taken during repeated tests of rising 

to stand for the young healthy subjects; the variation between the repeated trials for 

the elderly subjects was similar in profile. The greater magnitude of variation in
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repeated measures of the seat-off phase, which accounts for the increased PCA values, 

can be observed in Figure 13.5. 90% of the differences between repeated measures 

of the SI during the seat-on phase were less than 0.07 for the young subjects, and the 

mean of the repeated measures of the SI during the seat-on phase for 90% of the 

young subjects were in a range of 0.09. For the elderly subjects these values were 

0.12 and 0.14 respectively. For the seat-off phase these values were 0.19 and 0.19 

respectively for the young subjects; and 0.25 and 0.27 respectively for the elderly 

subjects. For the time taken these equivalent values were 1.0 and 1.6 for the young 

subjects and 0.9 and 1.0 for the elderly subjects. Thus, despite the differences in the 

variation between the repeated trials for the different outcome variables, the variation 

between subjects remained relatively similar to the variation between trials, for the SI 

during the seat-on and seat-off phases and for the time taken. The mean of the 3 

repeated measures for the symmetry of weight distribution during the two rising to 

stand phases and the time taken to stand up were therefore appropriate outcome 

measures for each individual subject. The mean of each variable relating to rising to 

stand was reported in all further analysis.

The distribution of the mean variables during rising to stand for the young and elderly 

healthy subjects are displayed in Figure 13.7 - Figure 13.12. These histograms 

demonstrate that the distribution of the mean variables did not exhibit skew and that 

the symmetry variables were approximately centred on 0. The median values and 5% 

25^, 75^ and 95* percentiles for each of the variables for the young and elderly 

healthy subjects are displayed in Table 13.2. The median values for the mean 

symmetry during the seat-on and seat-off phase were close to 0, confirming the 

observations made from the histograms. The interquartile and 90% range of the SI for 

both the young and elderly subjects was greater during the seat-off phase than during 

the seat-on phase. The interquartile and 90% range for the seat-on phase was similar 

to that during quiet sitting, while the interquartile and 90% range for the seat-off 

phase was greater than that during quiet sitting for both the young and elderly healthy 

subjects. Thus the variation between subjects was greater during the seat-off phase of 

rising to stand than the variation during quiet sitting, or the seat-on phase of rising to 

stand.
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Figure 13.7 Distribution of mean 
symmetry index during seat-on 
phase of rising to stand in young 
healthy subjects.

Figure 13.8 Distribution of mean 
symmetry index for seat-on phase of 
rising to stand in elderly healthy 
subjects.
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Figure 13.9 Distribution of mean 
symmetry index during seat-off 
phase of rising to stand in young 
healthy subjects.

Figure 13.10 Distribution of mean 
symmetry index during seat-off 
phase of rising to stand in elderly 
healthy subjects.
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Figure 13.11 Distribution of mean 
time taken to rise to stand in young 
healthy subjects.

Figure 13.12 Distribution of mean 
time taken to rise to stand in elderly 
healthy subjects.

260



The median values for the mean time taken to rise to stand were similar for both the 

young and elderly healthy subjects, being approximately 2.3s. The interquartile and 

90% range for the time taken was slightly greater for the young healthy subjects than 

for the elderly healthy subjects. The values for the 75* and 95* percentiles (upper 

time limit) were similar for both the young and elderly healthy subjects. The values 

for the 5* and 25* percentiles (lower time limit) were lower for the young subjects 

than for the elderly subjects. This suggests that the differences in the ranges o f time 

were due to some of the young subjects managing to complete the movement in less 

time than the elderly subjects.

Mean SI seat- Mean SI seat- Mean time to rise
on phase (SI) off phase (SI) to stand  (s)
young elderly young elderly young elderly

median -0 .024 -0 .025 0.011 0.026 2 .353 2.307
25th percentile -0 .033 -0 .049 -0.040 -0.017 1.895 2.147
75th percentile 0.012 0.028 0.055 0.090 2 .650 2.652
interquartile range 0.045 0.077 0.095 0 .108 0.755 0.505
5th percentile -0.051 -0 .086 -0.116 -0 .120 1.469 1.955
95th percentile 0.062 0.061 0.081 0.135 3.095 3.003
90% range 0.112 0.146 0.197 0.255 1.626 1.048

Table 13.2 Medians and percentiles for symmetry and time data during rising to 
stand. Young and elderly healthy subjects.

Multiple regression was carried out to investigate the association between the 

symmetry and time variables and the independent variables (gender, age, age-group, 

height, body mass, lower-leg length, dominant hand). The R-squared and significance 

values are listed in Table 13.3 - Table 13.5. The definition of significant association 

previously identified (section 10.2) was used. There was greater than 10% association 

between the mean SI during the seat-on phase and the gender of the subjects (R^ = 

0.224). However, the significance of the constant variable in the regression equation 

was low (significant t = 0.334). The association between variables was less than 10% 

for all other independent and dependent variables. There were therefore no significant 

associations between the mean SI for the seat-on or seat-off phase or the time taken to 

rise and the independent variables (gender, age, height, body mass, lower-leg length, 

dominant hand).
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independent
variable

age age
group

gender mass height lower leg 
length

dominant
hand

0.005 0.009 0.224 0.019 0.090 0.081 0.061
tm 0.661 0.552 0.002 0.401 0.060 0.078 0.124
tc 0.580 0.929 0.334 0.263 0.047 0.056 0.360

gradient
constant

Table 13.3 R-squared and significance values for association between mean SI 
during seat-on phase of rising to stand and independent variables.

independent
variable

age age
group

gender mass height lower leg 
length

dominant
hand

R" 0.038 0.035 0.012 0.018 0.004 0.007 0.009
tm 0.230 0.249 0.500 0.405 0.706 0.601 0.562
tc 0.533 0.430 0.254 0.492 0.744 0.649 0.411

Gradient
Constant

Table 13.4 R-squared and significance values for association between mean SI 
during seat-off phase of rising to stand and independent variables.

Independent
variable

age age
group

gender mass height lower leg 
length

dominant
hand

R̂ 0.038 0.029 0.006 0.000 0.002 0.005 0.004
tm 0.227 0.213 0.639 0.922 0.767 0.664 0.715
tc 0.000 0.189 0.000 0.000 0.154 0.063 0.000

gradient
constant

Table 13.5 R-squared and significance values for association between mean time 
taken to rise to stand and independent variables.

13.3 Hemiplegic subjects

13.3.1 Baseline measurement (week 0)

The low number o f subjects achieving rising to stand in week 0 (n=2) precluded the 

investigation o f the distribution of the symmetry and time variables during rising to 

stand prior to the start of the intervention. In Table 13.6 - Table 13.11 the median and 

percentile values determined for the control group and practice group subjects during 

week 0 are listed. However these values are derived from only one subject for both 

the control group and practice group, and subsequently cannot be generalised.
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13.3.2 Control and practice groups

The relatively low number of subjects in the control and practice groups, the low 

number of subjects able to achieve rising to stand, the decrease in numbers over the 

test weeks due to patient discharge, and the relatively large variation between 

individual subjects, prevented the use of statistical tests to compare the control group 

and practice group results. Subsequently, comparison between the control group and 

practice group results was carried out with the use of descriptive statistics. The 

median, percentiles and interquartile and 90% ranges of the symmetry and time data 

are shown in Table 13.6 - Table 13.11. The median and interquartile ranges of the 

symmetry data are shown graphically in Figure 13.13, Figure 13.14 and Figure 13.15.

healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median -0.02 -0.11 0.01 0.08 0.11 0.12 0.10 0.10
25th percentile -0.04 -0.11 -0.02 0.06 0.06 0.09 0.04 0.00
75th percentile 0.01 -0.11 0.11 0.15 0.21 0.24 0.14 0.21
interquartile range 005 0.00 0.13 0.09 0.15 0.15 0.11 0.22
5th percentile -0.08 -0.11 -0.05 0.01 -0.11 0.07 0.01 -0.07
95th percentile 006 -0.11 0.34 0.51 0.29 0.29 0.16 0.30
90% range 0 74 0.00 0.39 0.50 0.40 0.23 0.15 0.37

Table 13.6 Median and percentiles for SI during seat-on phase of rising to stand. 
Control group subjects (SI).

healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median -0.02 0.00 0.04 0.05 0.01 0.01 0.00 0.06
25th percentile -0.04 0.00 -0.01 0.00 -0.08 -0.07 -0.07 0.01
75th percentile 0.01 0.00 0.10 0.10 0.08 0.03 0.08 0.07
interquartile range 0.05 0.00 0.11 0.10 0.16 0.09 0.14 0.06
5th percentile -0.08 0.00 -0.05 -0.10 -0.15 -0.13 -0.12 -0.09
95th percentile 0.06 0.00 0.14 0.12 0.11 0.04 0.13 0.10
90% range 0.14 0.00 0.19 0.22 0.26 0.17 0.25 0.19

Table 13.7 Median and percentiles for SI during seat-on phase of rising to stand. 
Practice group subjects (SI).

healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 0.02 -0.08 0.09 -0.01 0.14 0.10 0.17 0.10
25th percentile -0.03 -0.08 -0.05 -0.06 0.09 0.06 0.06 0.05
75th percentile 008 -0.08 0.34 0.10 0.23 0.18 0.19 0.24
interquartile range 0.11 0.00 0.38 0.16 0.14 0.12 0.14 0.19
5th percentile -0 12 -0.08 -0.18 -0.09 -0.09 -0.10 -0.02 -0.05
95th percentile 0 12 -0.08 0.72 0.27 0.42 0.21 0.25 0.56
90% range 024 0.00 0.89 0.36 0.52 0.31 0.27 0.61

Table 13.8 Median and percentiles for SI during seat-off phase of rising to stand. 
Control group subjects (SI).
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healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 002 0.29 0.13 0.14 0.27 0.19 0.26 0.16
25th percentile -0.03 0.29 0.13 0.05 0.16 0.09 0.08 0.05
75th percentile 008 0.29 0.21 0.20 0.32 0.32 0.53 0.29
interquartile range 0 77 0.00 0.08 0.15 0.15 0.22 0.46 0.24
5th percentile -012 0.29 0.13 -0.13 -0.09 0.02 -0.07 -0.18
95th percentile 0.12 0.29 0.26 0.60 0.41 0.42 0.75 0.59
90% range 024 0.00 0.14 0.73 0.50 0.40 0.82 0.77

Table 13.9 Median and percentiles for SI during seat-off phase of rising to stand. 
Practice group subjects (SI).

healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 2.31 10.64 4.42 5.31 4.83 3.98 4.66 4.57
25th percentile 2.10 10.64 3.46 3.37 3.75 3.02 3.68 4.50
75th percentile 263 10.64 5.54 8.80 6.59 4.81 4.80 4.64
interquartile range 053 0.00 2.08 5.43 2.84 1.80 1.12 0.14
5th percentile 168 10.64 3.44 2.66 2.18 2.13 2.11 4.45
95th percentile 3.06 10.64 5.91 10.33 7.44 9.87 5.33 4.69
90% range 7 39 0.00 2.46 7.67 5.26 7.74 3.22 0.24

Table 13.10 Median and percentiles for time taken during rising to stand. 
Control group subjects (s).

healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 2.31 9.14 5.86 4.16 6.43 6.76 3.92 11.77
25th percentile 2,10 9.14 4.47 2.53 3.04 4.55 2.67 7.43
75th percentile 263 9.14 6.35 5.11 9.79 7.70 4.95 14.91
interquartile range 0.53 0.00 1.88 2.58 6.75 3.15 2.28 7.49
5th percentile 1.68 9.14 3.36 2.09 2.69 2.78 1.67 4.13
95th percentile 3.06 9.14 6.74 9.13 10.04 8.45 5.77 15.32
90% range 7 39 0.00 3.38 7.05 7.35 5.67 4.10 11.19

Table 13.11 Median and percentiles for time taken during rising to stand. 
Practice group subjects (s).
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Figure 13.13 Medians, interquartile ranges, and ranges of SI during seat-on 
phase of rising to stand for control and practice group subjects.
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Figure 13.14 Medians, interquartile ranges, and ranges of SI during seat-off 
phase of rising to stand for control and practice group subjects.
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Figure 13.15 Medians, interquartile ranges and ranges of time taken to rise to 
stand for control and practice group subjects.
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Control group versus healthy subjects

Comparing the patient data with the healthy subject data indicates that the control 

group subjects had a greater asymmetry of weight bearing than the healthy subjects 

during the seat-on phase in test weeks 2-6. During the seat-off phase the median 

value of the SI for the control group subjects was greater than that o f the healthy 

subjects during test weeks 3-6. The time taken to rise to stand was notably longer for 

the control group subjects than for the healthy subjects, throughout all test weeks. 

The interquartile range and 90% range of the rising to stand data was greater for the 

control group subjects than for the healthy subjects for all of the reported variables, on 

all test weeks.

Practice group versus healthy subjects
In contrast to the control group subjects, there was little difference in the median 

value of the SI during the seat-on phase between the practice group subjects and the 

healthy subjects. However, the median value of the SI during the seat-off phase for 

the practice group was higher than that for the healthy subjects during all test weeks, 

indicating a definite preference for increased weight bearing to the unaffected side 

during this phase. Similar to the control group, the time taken to rise to stand was 

longer for the practice group subjects than for the healthy subjects, throughout all test 

weeks. The interquartile range and 90% range of the rising to stand data was greater 

for the practice group subjects than for the healthy subjects for all o f the reported 

variables, on all test weeks, with the exception of the seat-off data during week 1.

Control group versus practice group

The data indicates that the control group demonstrated greater asymmetry of weight 

bearing during the seat-on phase of rising to stand during test weeks 2 - 6 ,  than the 

practice group. The control group subjects appear to have had a tendency for 

increased weight bearing on the unaffected side during these test weeks. Although 

there was substantial o\ erlap between the interquartile ranges and ranges of the SI 

from the seat-off phase during test weeks 1-6, the median for the practice group was 

higher than for the control group during all test weeks. This suggests that the practice 

group subjects had a greater preference for increased weight bearing on the unaffected 

side than did the control group subjects during this phase. Figure 13.15 demonstrates 

that there was no observable difference or pattern in the time taken to rise to stand
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between the practice and control group subjects during test weeks 1-5. During test 

week 6 the median time taken by the practice group subjects was substantially greater 

than during other weeks, or than the control group subjects; the low number of 

practice group subjects tested during week 6 may have been responsible for this 

anomalous result.

In summary, the control group subjects demonstrated increased weight bearing to the 

unaffected side during the seat-on phase, but the practice group results were more 

similar to the healthy subject data. The hemiplegic subjects generally tended to 

distribute more weight to the unaffected side than to the affected side during the seat- 

off phase of rising to stand. There were some observable differences between the 

control and practice group subjects, with the control group demonstrating greater 

asymmetry of weight bearing to the unaffected side during the seat-on phase, and the 

practice group exhibiting greater asymmetry of weight bearing to the unaffected side 

during the seat-off phase. There were large differences between the healthy and 

hemiplegic subjects for the time taken to rise to stand, with no remarkable differences 

between the time taken by the control and practice groups.

13.3.3 Effect of discharge and inability to perform on group results 

As in the analysis of the tests o f standing, the high number o f subjects unable to 

perform rising to stand and the number of subjects discharged had the potential to 

produce median and percentile results which masked trends in the data. The two 

methods of analysis (investigating the trends in the results of subjects completing a 

minimum number o f tests and analysing the results from the first and last test from 

each subject) which were utilised in the exploration of the ability to stand are also 

appropriate for the analysis of the rising to stand data.

In the analysis of stance, subjects completing 4 or more tests of standing were 

included in the exploration of the trends in subjects completing a minimum number of 

tests. To ensure consistency, 4 tests was assigned as the minimum number of tests of 

rising to stand required to be included in the analysis. This included 47% (n=9) o f the 

control group and 44% (n=4) of the practice group. Figure 13.16, Figure 13.17 and 

Figure 13.18 illustrate the median, interquartile range and range o f the symmetry 

indices for the two phases of rising to stand and for the time taken to rise to stand for
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the subjects tested for 4 or more weeks. Figure 13.16 illustrates that there was no 

observable directional trend in the changes of the mean SI for the seat-on phase over 

the test sessions. However, the symmetry indices for the practice group subjects can 

be observed to be generally lower than the symmetry indices for the control group 

subjects: this suggests that the practice group subjects had greater symmetry than the 

control group subjects during this phase. This supports the whole-group trend 

observed previously (Figure 13.13). During the seat-off phase, both the control and 

practice group subjects distributed more weight to the unaffected side on all test 

weeks. There was no observable difference between median values for the control 

group and the practice group. The lack of difference observed differs from the whole 

group result, where the practice group subjects were observed to have greater 

asymmetry to the unaffected side than the control group subjects. Unlike the whole- 

group results, where no remarkable trends were observed in the time taken by the 

control and practice groups, observing the results from the subjects with 4 or more 

tests suggests that the time taken by the control and practice group decreased between 

test 1 and test 4.

As in the whole group results, the practice group appeared to take a longer time 

during the final test (test 5 in Figure 13.18 and test week 6 in Figure 13.15). Although 

these results produce slightly different patterns and trends from the whole group 

results, these were generally small, suggesting that there was little difference between 

the whole group results and the results of subjects completing more than 4 test weeks. 

The low number o f subjects included in this analysis limits the ability to generalise.
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Figure 13.16 Median, interquartile range and range of symmetry of seat-on 
phase for hemiplegic subjects completing 4 or more tests of rising to stand.
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Figure 13.17 Median, interquartile range and range of symmetry of seat-off 
phase for hemiplegic subjects completing 4 or more tests of rising to stand.
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Figure 13.18 Median, interquartile range and range of time taken to rise to stand 
for hemiplegic subjects completing 4 or more tests.
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The second method of investigating trends in the rising to stand data involved 

determining the outcome variables for the first and last test of each subject. Table 

13.12 displays the median and interquartile range of the outcome variables from the 

first and last test for the control and practice group subjects. These figures 

demonstrate that both the control group and practice group subjects distributed more 

weight to the unaffected side in the seat-on phase during the last than during the first 

test. Additionally, the interquartile range decreased for the last test compared with the 

first test. There was no change in the median SI during the seat-off phase between the 

first and last tests for the practice group: in contrast the control group distributed more 

weight to the unaffected side during the last test. However the magnitude of the 

asymmetry was less for the control group than for the practice group during the first 

test. The variation between subjects in the symmetry of the seat-off phase increased 

from the first to the last test, for both the control and practice groups. The time taken 

decreased between the first and last test for both control and practice group subjects, 

although the interquartile range increased for the practice group and not for the 

control group.

seat-on SI
control 

seat-off SI time
(s)

seat-on SI
oractice 

seat-off SI time
(s)

median 1st test 0.02 -0.07 6 .00 0.03 0.15 6.84
last test 0.12 0.11 3.64 0.06 0.15 4.22

interquartile range 1st test 0.24 0.16 4.57 0.08 0.12 4.36
last test 0.12 0.35 2.72 0.02 0.20 5.11

Table 13.12 Median and interquartile range for rising to stand variables during 
subjects’ first and last tests.

Thus, despite difficulties with analysis relating to the low and changing number of 

subjects competing rising to stand in each test week, a number of general trends were 

observed. During the seat-on phase the practice group subjects appeared to 

demonstrate greater symmetry of weight bearing than the control group subjects, 

having a median SI close to that o f the healthy subjects on all test weeks. Both the 

control and practice group subjects demonstrated asymmetrical weight bearing during 

the seat-off phase, distributing more weight to the unaffected side than to the affected 

side. There was a relatively large variation between subjects throughout this phase. 

The time taken to rise to stand by the practice and control group was longer than that
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of the healthy subjects throughout the test period, and there was considerable variation 

between subjects.

13.3.4 Classification of ability

Using the definition of ‘nonnaf values determined in the analysis of the sitting data 

(being equal to the 90% range from the healthy subjects) the proportion of hemiplegic 

subjects with symmetry during rising to stand and time taken to rise to stand in the 

normal range was determined. Additionally, the proportion of subjects unable to 

perform the task was assessed. The proportion of subjects with the SI or time taken 

falling within the 5* and 95^ percentiles of the normal (healthy subject) data for the 

control and practice group is shown in Table 13.13 - Table 13.15, and in Figure 13.19 

- Figure 13.24.

These tables and graphs indicate that there was a low percentage of both control and 

practice subjects who achieved normal weight distribution during either phase of 

rising to stand, or normal time to complete the movement. The percentage of practice 

group subjects achieving normal symmetry values during the seat-on phases was 

greater than the percentage of control group subjects, while for the seat-off phase and 

for the time taken the opposite occurred, for all test weeks. However, statistical 

comparison, using the Chi-squared test, o f the ability of the subjects to achieve 

normal values of weight distribution during the seat-on and seat-off phases and to 

achieve normal values of time to complete the movement of rising to stand 

demonstrated that there were no significant differences between the ability o f the 

control and practice group subjects, on any of the test weeks (Chi^<0.05). The Chi- 

squared values are displayed in Table 13.13 - Table 13.15.
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unable
Control

abnorm al norm al unable
Practice

abnorm al norm al Chf
W eek 0 95% 5% 0% 89% 0% 11% 0.272
W eek 1 55% 17% 28% 62% 13% 25% 0.940
W eek 2 44% 50% 6% 24% 38% 38% 0.110
W eek 3 35% 53% 12% 33% 50% 17% 0.954
W eek 4 31% 56% 13% 40% 20% 40% Ü266
W eek 5 34% 53% 13% 40% 40% 20% o.aav
W eek 6 41% 42% 17% 20% 60% 20% 0^0 9

Table 13.13 Proportion of control and practice group subjects achieving normal 
mean symmetry during seat-on phase of rising to stand, and the Chi^ statistic for 
the difference between the ability of the control and practice group subjects.

unable
Control

abnorm al norm al unable
Practice

abnorm al norm al Chi'
W eek 0 95% 0% 5% 89% 11% 0% 0.272
W eek 1 55% 28% 17% 62% 38% 0% 0.461
W eek 2 45% 33% 22% 24% 63% 13% 0.381
W eek 3 35% 53% 12% 33% 67% 0% 0.651
W eek 4 31% 50% 19% 40% 40% 20% 0.9/&
W eek 5 34% 53% 13% 40% 40% 20% 0.1^64
W eek 6 37% 27% 36% 20% 80% 0% 0.117

Table 13.14 Proportion of control and practice group subjects achieving normal 
mean symmetry during seat-off phase of rising to stand, and the Chi^ statistic for 
the difference between the ability of the control and practice group subjects.

unable
Control

abnorm al norm al unable
Practice

abnorm al norm al Chi'
W eek 0 95% 5% 0% 89% 11% 0% 0.575
W eek 1 55% 39% 6% 62% 38% 0% 0.73/
W eek 2 45% 44% 11% 25% 50% 25% 0 J2 3
W eek 3 35% 53% 12% 33% 50% 17% 0.954
W eek 4 31% 38% 31% 40% 40% 20% 0.377
W eek 5 33% 40% 27% 40% 60% 0% 0.424
W eek 6 36% 64% 0% 20% 80% 0% 0.513

Table 13.15 Proportion of control and practice group subjects achieving normal 
time to rise to stand, and the Chi^ statistic for the difference between the ability 
of the control and practice group subjects.
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Figure 13.19 
Proportion of control 
group subjects 
achieving normal 
weight distribution 
during seat-on phase 
of rising to stand on 
different test weeks

m

□  unable 
■  abnormal 
□norm al

Figure 13.20 
Proportion of practice 
group subjects 
achieving normal 
weight distribution 
during seat-on phase 
of rising to stand on 
different test weeks

u  unable 
abnormal 

□ nonnal

Figure 13.21 
Proportion of control 
group subjects 
achieving normal 
weight distribution 
during seat-off phase 
of rising to stand on 
different test weeks

□ unab le
abnormal

□ norm ^

Figure 13.22 
Proportion of practice 
group subjects 
achieving normal 
weight distribution 
during seat-off phase 
of rising to stand on 
different test weeks

wMk 5 wMk 6
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Figure 13.23 
Proportion of control 
group subjects 
achieving normal time 
to complete rising to 
stand on different test 
weeks

□  unable 
abnormal 

H normal

Figure 13.24 
Proportion of practice 
group subjects 
achieving normal time 
to complete rising to 
stand on different test 
weeks

WMk 0 WMk 1 WMk 3

The number of control and practice group subjects whose ability to rise to stand 

changed, relative to the ‘normal’, between their first and last test day is shown in 

Table 13.16 - Table 13.18. These results demonstrate that very few subjects were able 

to achieve rising to stand during the first test, but that 68% (47%+16%+5%) of the 

control group subjects and 77% (33%+33%+l 1%) of the practice group subjects did 

achieve rising to stand during the test period. Comparing the results for the control 

and practice group subjects for each of the measured variables demonstrates that there 

was little difference in the proportion of subjects from the two groups with changes 

between the first and last measure. For all the variables the greatest proportion of 

subjects were unable to perform rising to stand at the initial test, and were with out the 

normal range during their performance on their last test. The only exception to this 

was for the seat-on phase for the practice group subjects where an equal proportion of 

the subjects changed from unable to normal weight distribution as from unable to 

abnormal weight distribution.
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Ability at final measurement

unable
Control

abnorm al norm al unable
Practice

abnorm al norm al
Unable 6 (32% ) 9 (47% ) 3 (1 6 % ) 2 (22% ) 3 (33% ) 3 (33% )
A bnorm al 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Norm al 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (11% ) 0 (0%)

Table 13.16 Number (and percentage) of control and practice group subjects 
with ability to achieve normal symmetry of weight distribution in seat-on phase 
changing between the initial and final measurement.

Ability at final measurement

unable
Control

abnorm al norm al Unable
Practice

abnorm al norm al
Unable 6 (32% ) 7 (37% ) 5 (26% ) 2 (22% ) 5 (56%) 1 (11%)
A bnorm al 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (11% ) 0 (0%)
Norm al 0 (0%) 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%)

Table 13.17 Number (and percentage) of control and practice group subjects 
with ability to achieve normal symmetry of weight distribution in seat-off phase 
changing between the initial and final measurement.

Ability at final measurement

unable
C ontrol

abnorm al norm al Unable
Practice

abnorm al norm al
Unable 6 (32% ) 8 (42% ) 4 (2 1 % ) 2 (22% ) 5 (56%) 1 (11% )
A bnorm al 0 (0%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1 (11%)
Normal 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Table 13.18 Number (and percentage) of control and practice group subjects 
with ability to achieve normal time during rising to stand changing between the 
initial and final measurement.
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14. Results; Sitting down

14.1 Raw data and analysis

The symmetry index was determined for each test o f sitting down. Examples o f the SI 

during sitting down for a young, elderly, and hemiplegic subject are provided in 

Figure 14.1, Figure 14.2 and Figure 14.3. In addition to displaying the SI, these 

graphs display the point where seat-on occurred and the points where the movement 

was identified to start and stop.

14.1.1 Calculation of phases

Sitting down was divided into a seat-off (phase 1) and a seat-on (phase 2) phase. In 

order to ensure that the division o f the data into two phases, and the identification of 

the start and end of the movement, were repeatable these were computed from the raw 

data. Movement was defined as occurring if the total vertical force varied more than 

plus or minus 2 standard deviations from the mean vertical force determined during 

rest. The process of dividing the movement into phases was similar to the process of 

dividing the movement of rising to stand into phases.

The mean SI during the seat-off and seat-on phases were calculated, and the mean 

time to sitting down was determined.

Seat-off phase
The start o f movement was determined by calculating the mean and standard 

deviation of the total vertical force over 1 second of data collection immediately prior 

to the command for the subject to start moving. When the vertical force became 

greater than the mean resting vertical force by + 2 standard deviations, or became less 

than the mean resting vertical force by -  2 standard deviations, it was assumed that 

movement was occurring. To ensure that this was not an anomalous change, due to 

postural sway, the movement was not assumed to have started until the vertical force 

had remained out of the ‘normal’ range for at least 8 out of 10 consecutive samples.

The end of this phase was defined as the moment in time when seat-on occurred. This 

point occurred when the vertical force recorded by the seat section became greater
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than zero. (To allow for the slight noise within the measurement system, this point 

was, in fact, determined as occurring when the force through the seat became greater 

than IN.)

Seat-on phase

This phase started at seat-on.

The end o f movement was determined by calculating the mean and standard deviation 

o f the total vertical force over 1 second of data collection, at a point 2 seconds after 

the recording ceased. When the vertical force was within the range defined by the 

mean ± 2 standard deviations from the mean, it was assumed that movement had 

ceased. To ensure that this was not an anomalous finding, as the vertical force moved 

through the range, the movement was not assumed to have stopped until the vertical 

force remained within the ‘normal’ range for at least 8 out of 10 consecutive samples.

As in the observation o f the raw data for rising to stand, variation in the SI over the 

period of data collection was seen for sitting down. The study by Durward (1994), 

previously discussed in section 13.1, investigated sitting down in addition to rising to 

stand. The conclusions drawn by Durward (1994), pertaining to the reproducibility of 

results, referred to the results for sitting down as well as those for rising to stand. The 

arguments given in section 13.1, stating that the mean SI was an appropriate measure 

of outcome in the analysis of rising to stand, therefore also apply to the analysis of 

data relating to sitting down. Rising to stand and sitting down are related functions, 

and the use of the same outcome variables for the exploration o f the symmetry of 

weight distribution during these two functions was therefore supported. Hence, the 

mean SI for the seat-off and seat-on phases and the time taken to sit down were 

selected and determined as the outcome variables in the analysis of sitting down.
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Figure 14.1 Symmetry of sitting down. Young healthy subject.
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Figure 14.2 Symmetry of sitting down. Elderly healthy subject.
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Figure 14.3 Symmetry of sitting down. Hemiplegic subject.
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14.2 Healthy subjects

The percentage close agreement for each o f the two phases of the 3 trials of sitting 

down for the young and elderly healthy subjects is provided in Table 14.1. The 

variation between the 3 repeated measures for the seat-off phase was less than that of 

the seat-on phase for the young (90% of differences less than 0.09 for the seat-on SI 

and less than 0.14 for the seat-off SI) and elderly (90% of differences less than 0.10 

for the seat-on SI and less than 0.24 for the seat-off SI) subjects. This was the 

opposite to the variation found during repeated trials of rising to stand, where the 

variation during the seat-off phase was greater than that during the seat-on phase. The 

variation between the repeated measures for the seat-off phase was comparable to the 

variation between repeated tests of standing (90% of the differences in SI during 

standing were less than 0.07 and O.IO for the young and elderly respectively; and 

during the seat-off phase o f rising to stand were 0.09 and O.IO for the young and 

elderly respectively). The variation in the repeated measures o f the time taken was 

relatively low (90% within 1.0s for the young and 1.3s for the elderly), and was 

similar to the variation in the repeated measures of the time taken during rising to 

stand (90% within I.Os for the young and 0.9s for the elderly).

PCA (80% ) PCA (90% ) PCA (95% ) PCA (100% )
S e a t - o f f  p h a s e Young 0.07 0.09 0.10 0.14

(SI) Elderly 0.09 0.10 0.14 0.17
SEAT-ON PHASE Young 0.09 0.14 0.27 0.32

(SI) Elderly 0.15 0.24 0.28 053
T i m e  ( s ) Young 0.7 1.0 1.4 1.7

Elderly 1.1 1.3 1.7 2.1

Table 14.1 PCA for reported variable from 3 repeated trials of sitting down; 
young and elderly healthy subjects.

Figure 14.4, Figure 14.5 and Figure 14.6 illustrate the variation between the SI for the 

seat-off and seat-on phases and between the time taken during repeated tests of sitting 

down for the young healthy subjects; the variation between the repeated trials for the 

elderly subjects was similar in profile. The greater magnitude of variation in repeated 

measures of the seat-on phase, which accounted for the increased PCA values can be 

observed in Figure 14.5.
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sub jects

Figure 14.4 Mean 
symmetry index 
from 3 trials of 
sitting down: 
seat-off phase. 
Young healthy 
subjects.

Figure 14.5 Mean 
symmetry index 
from 3 trials of 
sitting down: 
seat-on phase. 
Young healthy 
subjects.

Subjects

Figure 14.6 Mean 
time taken to sit 
down from 3 
trials of sitting 
down. Young 
healthy subjects.

90% of the differences between repeated measures of the SI during the seat-off phase 

were less than 0.09 for the young subjects, and the mean of the repeated measures of 

the SI during the seat-off phase for 90% of the young subjects was in a range of 0.29. 

For the elderly subjects these values were 0.10 and 0.35 respectively. For the seat-on
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phase these values were 0.14 and 0.12 respectively for the young subjects; and 0.24 

and 0.22 respectively for the elderly subjects. For the time taken these equivalent 

values were 1.0 and 1.5 for the young subjects and 1.3 and 1.3 for the elderly subjects. 

Thus, the variation between repeated measures was less than the variation between the 

group results for the seat-off phase: this was the same pattern as was observed for the 

differences between repeated measures and between subjects during quiet stance. 

However, for the SI during the seat-on phase and for the time taken to sit down the 

variation between repeated measures was similar to the variation between the group 

results. The mean of the 3 repeated measures for the symmetry of weight distribution 

during the two sitting down phases and the time taken to sit down was used in the 

remaining analysis.

The distribution of the mean variables during sitting down for the young and elderly 

healthy subjects are displayed in Figure 14.7 - Figure 14.12. The median values and 

5^, 25^, 75^', and 95^ percentiles for each of the variables for the young and elderly 

healthy subjects are displayed in Table 14.2. The histograms indicate that the 

distribution of the mean SI did not exhibit skew and that the distribution was around 0 

for the seat-off phase and seat-on phase for the young subjects. However, observation 

o f the histogram and data for the seat-off phase for the elderly subjects indicates that 

there was a slight skew in the data, suggesting that the elderly subjects distribute more 

weight to the left side during the seat-on phase. During the seat-on phase the 

distribution of the symmetry data for the elderly subjects exhibited no skew and was 

centred on 0. During the seat-off phase, the median SI was 0.01 for the young 

subjects and 0.04 for the elderly subjects. This was a similar difference as was found 

in the median values o f the SI during quiet stance. As in the case for the standing 

data, despite the slight difference in the variation of the seat-off data for the young 

and elderly subjects, the variation between the two groups was similar, with both 

groups demonstrating relatively low interquartile and 90% ranges. There was little 

observable difference between the interquartile and 90% range for the symmetry data 

during the two phase o f sitting down, for either the young or elderly subjects. This 

suggests that the variation between subjects was similar during both phases of sitting 

down. This differs from the variation found during rising to stand, where the 

variation during the seat-off phase was found to be greater than the variation during 

the seat-on phase.

281



¥  12

T 9 9 9 9 9 9 9 9 9 9

. . . . . . S 3
9 9 9 9 9 9 9 ®

range of 81

2 2 2 S 2 S 2 2

!"
% 10

§ 3 3 5 S 3 5 5 3 S 3 3 3 3 3 3 3 3 3 3 3
. - o o o o o o o o o o o o o o o o o o o - . -  

range of 81

Figure 14.7 Distribution of mean 
symmetry index during seat-off
phase of sitting 
healthy subjects.
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Figure 14.8 Distribution of mean 
symmetry index for seat-off phase of 
sitting down in elderly healthy 
subjects.
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Figure 14.9 Distribution of mean 
symmetry index during seat-on
phase of sitting 
healthy subjects.
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Figure 14.10 Distribution of mean 
symmetry index during seat-on
phase of sitting 
healthy subjects.
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Figure 14.11 Distribution of mean 
time taken to sit down in young 
healthy subjects.

Figure 14.12 Distribution of mean 
time taken to sit down in elderly 
healthy subjects.
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Comparing the distribution and ranges of the time taken to sit down by the young and 

elderly subjects demonstrated that there was little difference between the groups. The 

median value for the time taken was slightly greater for the elderly subjects than for 

the young subjects, but the percentile values were very similar for the two groups.

Mean SI seat- Mean SI seat- Mean time to
off phase (SI) on phase (SI) sit down (s)
young elderly young elderly young elderly

median 0.007 0.036 0.000 0.003 2.693 3.010
25**’ percentile -0.018 -0.023 -0.039 -0.062 2.470 2.598
75**’ percentile 0.033 0.078 0.022 0.060 3.412 3.307
interquartile range 0.052 0.100 0.061 0.122 0.942 0.708
5'*’ percentile -0.148 -0.051 -0.065 -0.107 2.152 2.264
95**’ percentile 0.088 0.204 0.050 0.101 3.629 3.573
90% range 0.237 0.255 0.115 0.208 1.478 1.309

Table 14.2 Medians and percentiles for symmetry and time data during sitting 
down. Young and elderly healthy subjects.

Multiple regression was carried out to investigate the association between the 

symmetry and time variables and the independent variables (gender, age, age group, 

height, body mass, lower-leg length, dominant hand). The R-squared and significance 

values are listed in Table 14.3 - Table 14.5. The definition of significant association 

previously identified (section 10.2) was used. There was a significant association 

between the mean SI during the seat-on phase and the dominant hand (R^ = 0.209). 

The regression equation indicated that subjects with left dominance had increased 

weight-bearing to the left during the seat-on phase of sitting down and vice versa 

(with X = 0 when the dominant hand is left and X = 1 when the dominant hand is 

right). However, despite the apparent strength of this association, care had to be taken 

in interpreting this finding, as 37 (92%) of the 40 healthy subjects were right-handed. 

No significant association was found between the outcome variables and any of the 

other independent variables.
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independent
variable

age age
group

gender mass height lower leg 
length

dominant
hand

0.084 0.077 0.015 0.001 0.019 0.019 0.000
tm 0.069 0.084 0.445 0.821 0.393 0.402 0.978
tc 0.313 0.220 0.152 0.971 0.357 0.354 0.737

gradient
constant

Table 14.3 R-squared and significance values for association between mean SI 
during seat-off phase of sitting down and independent variables.

independent
variable

age age
group

gender mass height lower leg 
length

dominant
hand

R" 0.000 0.000 0.112 0.009 0.050 0.035 0.209
tm 0.948 0.981 0.035 0.567 0.165 0.251 0.003
tc 0.821 0.889 0.169 0.537 0.160 0.242 0.006

gradient -0.109
constant 0.097

Table 14.4 R-squared and significance values for association between mean SI 
during seat-on phase of sitting down and independent variables.

independent
variable

age age
group

gender mass height lower leg 
length

dominant
hand

R*̂ 0.120 0.014 0.087 0.013 0.000 0.003 0.011
tm 0.386 0.465 0.065 0.487 0.976 0.745 0.519
tc 0.000 0.000 0.000 0.000 0.065 0.035 0.000

gradient
constant

Table 14.5 R-squared and significance values for association between time taken 
to sit down and independent variables

14.3 Hemiplegic subjects

14.3.1 Baseline measurement (week 0)

None of the hemiplegic subjects were able to sit down independently at the time of the 

baseline measurement. This therefore prevented the investigation o f the distribution of 

the symmetry and time variables prior to the start o f the intervention.

14.3.2 Control and practice groups

As in the exploration of the rising to stand data, comparison between the control

group and practice group results for sitting down was carried out with the use of

descriptive statistics. The median, percentiles and interquartile and 90% ranges of the

symmetry and time data are shown in Table 14.6 to Table 14.11. The median and
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quartile ranges of the symmetry data are shown graphically in Figure 14.13, Figure 

14.14 and Figure 14.15.

Control group versus healthy subjects

The control group subjects demonstrated greater asymmetry of weight distribution 

than the healthy subjects during the seat-off phase on all test weeks. The median SI 

was greater for the control group than for the healthy subjects, on all test weeks. The 

degree of asymmetry during these test weeks was relatively large: the median value 

from the control group subjects was greater than the 95*̂  percentile for the healthy 

subjects during test weeks 2-6. During the seat-on phase the differences between the 

control group and healthy subjects were not as distinct as during the seat-off phase. 

The control group median SI for the seat-off phase was slightly lower than that of 

healthy subjects during test weeks I and 2, and slightly higher during weeks 3-6. The 

time taken to sit down by the control group subjects was longer than that taken by the 

healthy subjects on all test weeks.

Healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 0.02 0.04 0.17 0.26 0.17 0.19 0.13
25*** percentile -0.02 0.00 0.11 0.23 0.04 0.17 0.03
75**’ percentile 0.05 0.16 0.30 0.35 0.26 0.19 0.33
interquartile range 0.07 0.16 0.19 0.13 0.22 0.02 0.30
5**’ percentile -0.12 -0.03 0.06 0.02 -0.02 0.08 -0.01
95**’ percentile 0.14 0.41 0.55 0.59 0.63 0.52 0.59
90% range 025 0.44 0.49 0.58 0.65 0.44 0.61

Table 14.6 Median and percentiles for SI during seat-off phase of sitting down. 
Control group subjects (SI).

Healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 0.02 0.28 0.26 0.35 0.18 0.18 -0.11
25’*’ percentile -0.02 0.09 0.17 0.32 0.01 0.04 -0.15
75**’ percentile 0.05 0.46 0.26 0.41 0.32 0.28 0.20
interquartile range 007 0.37 0.09 0.09 0.31 0.24 0.35
5’" percentile -0.12 0.05 -0.08 0.30 -0.13 -0.06 -0.18
95**’ percentile 0.14 0.49 0.34 0.46 0.43 0.36 0.45
90% range 025 0.43 0.42 0.16 0.56 0.43 0.63

Table 14.7 Median and percentiles for SI during seat-off phase of sitting down. 
Practice group subjects (SI).
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Healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 000 -0.05 -0.02 0.18 0.18 0.08 0.05
25’" percentile -0.04 -0.13 -0.15 0.13 0.05 0.04 -0.04
75*** percentile 0.03 0.01 0.09 0.27 0.20 0.09 0.08
interquartile range 0.08 0.14 0.23 0.14 0.15 0.05 0.11
5’" percentile -0 10 -0.19 -0.29 0.02 -0.06 0.04 -0.22
95**’ percentile 0.10 0.04 0.12 0.31 0.49 0.15 0.10
90% range 020 0.23 0.40 0.30 0.55 0.11 0.31

Table 14.8 Median and percentiles for SI during seat-on phase of sitting down. 
Control group subjects (SI).

Healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 000 -0.01 0.07 0.11 -0.24 -0.08 -0.01
25’" percentile -0.04 -0.05 -0.03 0.04 -0.25 -0.14 -0.08
75**’ percentile 0.03 0.10 0.11 0.23 -0.15 -0.08 0.02
interquartile range 008 0.14 0.14 0.19 0.09 0.06 0.10
5*" percentile -0.10 -0.06 -0.16 -0.01 -0.25 -0.19 -0.13
95**’ percentile 0.10 0.25 0.15 0.33 -0.09 -0.08 0.04
90% range 020 0.31 0.31 0.35 0.16 0.11 0.17

Table 14.9 Median and percentiles for SI during seat-on 
Practice group subjects (SI).

phase of sitting down.

Healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 2 92 3.83 2.82 3.50 4.00 3.40 4.23
25’" percentile 2 57 3.36 2.26 2.32 2.44 2.84 4.13
75**’ percentile 3.41 4.20 3.34 3.98 4.80 4.26 4.71
interquartile range 0.85 0.84 1.09 1.66 2.36 1.42 0.58
5’" percentile 2.20 2.93 1.86 2.08 2.12 2.73 3.95
95**’ percentile 362 4.39 4.16 4.43 5.78 5.96 5.77
90% range 142 1.46 2.31 2.35 3.66 3.23 1.83

Table 14.10 Medians and percentiles for time taken to sit down. Control group 
subjects (s).

Healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 2 92 4.33 3.72 3.86 4.28 4.14 2.82
25*" percentile 2 57 4.00 3.64 3.23 3.84 3.64 2.23
75**" percentile 3.41 4.58 3.92 4.76 5.62 4.23 3.47
interquartile range 085 0.58 0.28 1.53 1.78 0.59 1.24
5*" percentile 220 3.22 3.13 2.73 3.49 3.24 1.76
95**’ percentile 362 5.14 4.19 5.48 6.69 4.30 3.99
90% range 1.42 1.92 1.06 2.75 3.20 1.06 2.23

Table 14.11 Medians and percentiles for time taken to sit down. Practice group 
subjects (s).
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Figure 14.13 Medians, interquartile ranges and ranges of SI during seat-off 
phase of sitting down for control and practice group subjects.
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Figure 14.14 Medians, interquartile ranges and ranges of SI during seat-on 
phase of sitting down for control and practice group subjects.
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Figure 14.15 Medians, interquartile ranges and ranges of time taken to sit down 
for control and practice group subjects.
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Practice group versus healthy subjects

As for the control group, the practice group subjects exhibited greater asymmetry of 

weight distribution than the healthy subjects during the seat-off phase o f sitting down. 

The median SI for the seat-off phase of sitting down for the practice group was greater 

than that for the healthy subjects on all test weeks, with the exception of test week 6. 

During weeks 1 to 5 the magnitude of the weight distribution to the unaffected side 

was relatively high, with the median value from the practice group subjects being 

higher than the 95^ percentile of the healthy subjects. The differences between the 

practice group and healthy subjects were not as distinct during the seat-on phase. 

During the seat-on phase, the practice group median symmetry value was similar to 

that o f the healthy subjects during week 1, but was greater during weeks 2 and 3, and 

smaller during weeks 4-6. The increased asymmetry, indicated by the lower SI during 

test weeks 4-6, suggests that the practice group distributed more weight to the affected 

side than to the unaffected side during these weeks. Increased weight distribution to 

the affected side was not observed during the analysis of the results pertaining to 

sitting, standing or rising to stand. The interquartile and 90% ranges o f the values 

from the seat-on phase o f sitting down for the practice group subjects were relatively 

similar to those of the healthy subjects. This suggests that the variation between the 

practice group subjects was similar to the variation between the healthy subjects, for 

this variable. This contrasts with the data which indicates that for sitting, standing, 

the two phases of rising to stand and the seat-off phase o f sitting down the variation 

between the hemiplegic subjects was greater than that of the healthy subjects. As for 

the control group, the time taken to sit down by the practice group tended to be longer 

than that taken by the healthy subjects, with the practice group median time taken 

being larger than that of the healthy subjects on all test weeks.

Control group versus practice group

During the seat-off phase, both the control group and practice group demonstrated 

increased weight bearing to the unaffected side. No trends or differences between the 

control group and practice group could be observed for the SI during the seat-off 

phase. The SI during the seat-on phase was similar for the control group and practice 

group during test week I, 2 and 3; however, during weeks 4, 5 and 6 the control group 

had increased weight bearing to the unaffected side while the practice group
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demonstrated increased weight bearing to the affected side. There were no observable 

trends or differences in the time taken to sit down by the control group and practice 

group subjects. Figure 14.15 demonstrates that the time taken to sit down by the 

hemiplegic subjects tended to be longer than that taken by the healthy subjects. 

Comparing the data relating to the time to sit down and with that relating to the time 

to rise to stand demonstrates that the variation between subjects during sitting down 

was considerably less than the variation between subjects during rising to stand.

Thus the hemiplegic subjects tended to distribute more weight to the unaffected side 

than to the affected during the seat-off phase of sitting down. There were less 

remarkable differences between the hemiplegic subjects and the healthy subjects 

during the seat-on phase, although -  during weeks 4, 5 and 6 -  the control group had 

increased weight bearing to the unaffected side, while the practice group 

demonstrated increased weight bearing to the affected side. The hemiplegic subjects 

took longer to sit down than the healthy subjects, although the variation in the time 

taken between the hemiplegic subjects was similar to that between the healthy 

subjects.

14.3.3 Effect of discharge and inability to perform on group results

As in the analysis of the tests of standing and rising to stand, the high number of 

subjects unable to perform rising to stand and the number of subjects discharged had 

the potential to produce median and percentile results which masked trends in the 

data. Although two methods of analysis were used in the exploration o f the standing 

and rising to stand data, the first o f these methods was unsuitable for use with the 

sitting down data. The first methodology involved the exploration of the trends in the 

data o f subjects who completed a stipulated minimum number of tests. For the 

analysis o f standing and rising to stand the minimum number of tests was defined as 

4. However only 22% (n=2) o f the practice group subjects achieved 4 or more tests of 

sitting down. This group size was not sufficiently large to allow for analysis of group 

trends. Only 33% (n=3) of the practice group achieved 3 tests or more; this remained 

too small for group analysis. It was therefore not possible to explore the trends in the 

symmetry or time data over a number o f test weeks for subjects completing a number 

o f consecutive tests of sitting down.
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Since the second method of analysis included all subjects who achieved sitting down 

during the test period, this method of analysis included a greater number of subjects. 

The median and interquartile range for the first and last test of sitting down, for the 

control and practice group of subjects, were determined and are listed in Table 14.12.

seat-off SI
Control 

seat-on SI time
(s)

seat-off SI
oractice 

seat-on SI time
(s)

median 1®* test 0.09 0.02 2.86 0.28 -0.01 4.09
last test 0.19 0.10 3.90 0.22 0.06 3.68

interquartile range 1®*test 0.24 0.16 1.12 0.40 0.28 1.11
last test 0.12 0.11 1.41 0.37 0.09 1.00

Table 14.12 Median and interquartile range for sitting down variables during 
subjects’ first and last tests.

The median symmetry during the seat-off phase o f sitting down was greater than that 

of the healthy subjects for both the control and practice groups during both the first 

and last test. This result was consistent with the observations made from the whole 

group data. At the first test, the median symmetry value for the seat-on phase was 

similar to that of the healthy subjects for both the control and practice group subjects. 

However, at the final test both the control and practice group subjects distribute more 

weight to the unaffected side. This finding does not agree with the observation of 

data from the whole group, which indicated that the practice group subjects 

distributed greater weight to the affected side during the later tests. The time taken to 

sit down during the first test was longer for the practice group than for the control 

group, but during the last test was slightly longer for the control group. The whole 

group results were unable to distinguish any trends in the time taken to sit down.

Thus, the low number of hemiplegic subjects limited the ability to analyse trends in 

the sitting down data. The analysis o f the first and last tests for the subjects able to sit 

down produced data that could lead to slightly different conclusions than indicated by 

the whole group results. The difficulties in analysing and drawing conclusions from 

these results emphasised the limitation in the data relating to the lack of ability of 

hemiplegic subjects and the discharge of subjects from the trial.

14.3.4 Classification of ability

The analysis of the symmetry and time variables was limited due to the lack o f ability 

of the hemiplegic subjects. Classifying the subjects according to their ability or
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inability to perform sitting down and to achieve “normal” symmetry and time 

variables when able was therefore a useful method of analysis. The ability of the 

hemiplegic subjects was determined using the methodology previously described. 

The proportion of control and practice group subjects able to sit down, and able to do 

so with the SI or time taken falling between the 5^ and 95^ percentiles o f the normal 

(healthy subject) data is displayed in Table 14.13 -  Table 14.15, and in Figure 14.16 -  

Figure 14.21.

unable
Control

abnorm al norm al unable
Practice

abnorm al norm al Chi^
W eek 0 100% 0% 0% 100% 0% 0% -

W eek 1 61% 17% 22% 50% 25% 25% 0.845
W eek 2 44% 28% 28% 37% 63% 0% 0.134
W eek 3 41% 47% 12% 50% 50% 0% 0.673
W eek 4 37% 50% 13% 40% 60% 0% &703
W eek 5 33% 60% 7% 40% 40% 20% 0.610
W eek 6 37% 45% 18% 40% 40% 20% 0.979

Table 14.13 Proportion of control and practice group subjects achieving normal 
mean symmetry during seat-off phase of sitting down, and the Chi^ statistic for 
the difference between the ability of the control and practice group subjects.

unable
Control

abnorm al norm al unable
Practice

abnorm al norm al Chi^
W eek 0 100% 0% 0% 100% 0% 0% -

W eek 1 61% 22% 17% 49% 13% 38% 0.4&9
W eek 2 44% 28% 28% 38% 38% 24% 0^W3
W eek 3 41% 41% 18% 50% 33% 17% 0.927
W eek 4 38% 38% 24% 40% 40% 20% 0.974
W eek 5 33% 40% 27% 40% 20% 40% 0.705
W eek 6 36% 29% 36% 40% 20% 40% 0.953

Table 14.14 Proportion of control and practice group subjects achieving normal 
mean symmetry during seat-on phase of sitting down, and the Chi^ statistic for 
the difference between the ability of the control and practice group subjects.

unable
Control

abnorm al norm al unable
Practice

abnorm al norm al C hf
W eek 0 100% 0% 0% 100% 0% 0% -

W eek 1 61% 17% 22% 49% 38% 13% 0.489
W eek 2 44% 28% 28% 37% 50% 13% 0.493
W eek 3 42% 29% 29% 50% 33% 17% 0.477
W eek 4 38% 38% 24% 40% 40% 20% 0.974
W eek 5 33% 40% 27% 40% 40% 20% 0.944
W eek 6 36% 55% 9% 40% 40% 20% 0.745

Table 14.15 Proportion of control and practice group subjects achieving normal 
time to sit down, and the Chi^ statistic for the difference between the ability of 
the control and practice group subjects.
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Figure 14.16 Proportion 
of control group subjects 
achieving normal weight 
distribution during seat- 
off phase of sitting down 
on different test weeks.

I I I □  unable 
■abnorm al 
■  normal

Figure 14.17 Proportion of 
practice group subjects 
achieving normal weight 
distribution during seat- 
off phase of sitting down 
on different test weeks.

□  unaUe 
abnormal

Figure 14.18 Proportion of 
control group subjects 
achieving normal weight 
distribution during seat-on 
phase of sitting down on 
different test weeks.

I
W eek i W eek 2

Figure 14.19 Proportion of 
practice group subjects 
achieving normal weight 
distribution during seat-on 
phase of sitting down on 
different test weeks.
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Abnormal
■  Normal

Figure 14.20 
Proportion of control 
group subjects 
achieving normal 
time to complete 
sitting down on 
different test weeks.

W eek 4 W eek 5

□  Unable
■  Abnormal
□  Normal

Figure 14.21 
Proportion of 
practice group 
subjects achieving 
normal time to 
complete sitting 
down on different 
test weeks.

Week 4 W eeks

The high proportion of hemiplegic subjects who remained unable to perform sitting 

down throughout the test period is highlighted by the graphs illustrating ability. The 

proportion of subjects unable to perform sitting down decreased substantially between 

week 0 and week 1 for both the control and practice groups. After this initial change 

there was little further change in the proportion of practice group subjects unable to 

perform sitting down, while the proportion of control group subjects unable to 

perform sitting down decreased slightly throughout the subsequent test weeks. The 

proportion of subjects with the mean SI within normal limits during the seat-off phase 

was very low throughout the test period for both the control (maximum 28%) and 

practice (maximum 25%) groups. The number o f subjects achieving normal weight 

distribution during the seat-on phase was greater than during the seat-off phase, for 

both the control (maximum 36%) and practice (maximum 40%) groups. The 

proportion of subjects achieving normal time to sit down was also very low (control 

maximum 29%; practice maximum 20%). There was no observable trend in the 

proportion of subjects with normal symmetry of weight distribution during the seat-
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off or the seat-on phase, or with normal time taken to sit down, for the control or 

practice group subjects over the test weeks. Statistical comparison, using the Chi- 

squared test, of the outcome variables from the control and practice groups confirmed 

the observable lack o f difference between the groups, demonstrating that there was no 

significant difference. The Chi-squared values are displayed in Table 14.13 -  Table 

14.15.

The data pertaining to the proportion of subjects with outcome variables changing 

between the first and last measurement is displayed in Table 14.16, Table 14.17 and 

Table 14.18. These tables highlight that, for each of the outcome variables for both 

the control and the practice group, approximately 30% of the subjects did not achieve 

the ability to sit down during the trial period; between approximately 30% and 60% 

became able to sit down but did not perform this within the normal range; and only 

between approximately 10% and 30% achieved the ability to perform sitting down 

within the normal limits.

Ability at final measurement

unable
Control

abnorm al norm al unable
Practice

abnorm al norm al
Unable 6 (32% ) 11 (58%) 2 (1 1 % ) 3 (33%) 5 (56%) 1 (11% )
A bnorm al 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Normal 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Table 14.16 Number (and percentage) of control and practice group subjects 
with ability to achieve normal symmetry of weight distribution in seat-off phase 
changing between the initial and final measurement.

Ability at final measurement

unable
Control

abnorm al norm al Unable
Practice

abnorm al norm al

3^ Unable 6 (32% ) 8 (42%) 5 (26% ) 3 (33%) 3 (33% ) 3 (33% )
A bnorm al 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Normal 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Table 14.17 Number (and percentage) of control and practice group subjects 
with ability to achieve normal symmetry of weight distribution in seat-on phase 
changing between the initial and final measurement.

Ability at final measurement

unable
Control

abnorm al norm al Unable
Practice

abnorm al norm al

3^ Unable 6 (32% ) 9 (47%) 4 (2 1 % ) 3(33% ^ 5 (56%) 1 (11%)
Abnorm al 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

(3 Normal 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Table 14.18 Number (and percentage) of control and practice group subjects 
with ability to achieve normal time during sitting down changing between the 
initial and final measurement.
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15. Results: Reaching to the same side

15.1 Raw data and analysis

The symmetry index was determined for each test o f reaching to the same side. 

Examples of the SI during reaching to the same side for a young, elderly, and 

hemiplegic subject are provided in Figure 15.1, Figure 15.2 and Figure 15.3. In 

addition to displaying the 31, these graphs display the point where the 31 reaches its 

peak and the points where the movement was identified to start and stop

Since measurements of the symmetry of weight distribution during reaching to the 

same side have not previously been identified in the literature, it was initially 

necessary to ensure that the movement of reaching produced a distinct and 

reproducible pattern. It was also essential to identify the pertinent outcome measures 

for the analy sis of the movement. In order to allow detailed exploration of the pattern 

of movement from different subjects a valid and reliable method for the objective 

identification of the start and end of the movement was required. The following 

sections define the method of identifying the start and end of the movement of 

reaching to the sanie side, discuss the exploration of the pattern of movement and 

identify the outcome variables that were selected to reflect the changes in the SI 

during reaching to the same side.

15.1.1 identification of start and end of movement

The start and end o f the reaching movement were determined using derivations o f the 

formulae used to determine the start and end of rising to stand and sitting down. 

Whereas the start and end of rising to stand and sitting down were determined from 

the vertical force data, the start and end of reaching were determined from the 31 data. 

The start o f movement was determined by calculating the mean and standard 

deviation of the total 31 over 1 second of data collection immediately prior to the 

command for the subject to start moving. When the 31 became greater than the mean 

resting 31 by + 2 standard deviations, or became less than the mean resting 31 by -  2 

standard deviations, it was assumed that movement was occurring. To ensure that this 

was not an anomalous change, due to postural sway, the movement was not assumed
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to have started until the SI had remained out o f the ‘normar range for at least 8 out of 

10 consecutive samples.

The end of movement was determined by calculating the mean and standard deviation 

o f the total SI over 1 second of data collection, at a point 2 seconds after the subject 

was observed to stop moving. When the SI was within the range defined by the mean 

± 2 standard deviations from the mean, it was assumed that movement had ceased. To 

ensure that this was not an anomalous finding, as the SI moved frnough the range, the 

movement was not assumed to have stopped until the ST remained within the ‘normal’ 

range for at least 8 out o f 10 consecutive samples.

15.1.2 Pattern of movement

Since measurements o f symmetiy/ o f weight distribution during reaching have not 

previously been reported in the literature, it was necessary to ensure that this 

movement produced a distinct and reproducible pattern. The start and end of 

movement were determined for all the healthy subjects, and the data from each 

individual subject converted to a scale with 100 data points rather than a time scale 

The use of the 100 data point scale allowed the direct comparison of the pattern of 

movement from the healthy subjects, without the influence o f the speed or total time 

of the movement. The mean and standard deviations of the pattern of movement for 

the healthy subjects were derived from each subject’s 100 data points, and plotted 

graphically. Figure 15.4 shows the graph for the young healthy subjects; the pattern 

for the elderly subjects was similar. There was a consistent pattern o f movement, 

with a small degree of variation between healthy subjects. Figure 15.1, Figure 15.2 

and Figure 15 3 illustrate the pattern of movement for individual subjects. The 

absence of the smoothing effect that occurs in Figure 15.4, due to the use of the mean 

SI, provides a more detailed illustration of the pattern of movement for individual 

subjects. The pattern that occurred started with a SI close to zero, which then 

increased to a peak, before returning and remaining at a point close to zero.
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Figure 15.1 Symmetry index during reaching to the same side. Young healthy 
subject.
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Figure 15.2 Symmetry index during reaching to the same side. Elderly healthy 
subject.

0.20

I— si
 peak

I  s ta rt/stop
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Figure 15.3 Symmetry index during reaching to the same (unaffected) side. 
Hemiplegic subject.
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Figure 15.4 Mean pattern of symmetry index during reaching to the same side. 
Young healthy subjects.

15.1.3 Selection of outcome variables

The movement of reaching to the same side and the subsequent information derived 

from the SI from each test was fundamentally different from the analysis of the 

postures and movements of sitting, standing, rising to stand and sitting down. As was 

outlined in section 8.3, sitting, standing, rising to stand and sitting down can be 

classified as symmetrical tasks Hence the analysis o f the data pertaining to these 

functions principally involved the exploration of the mean SI over the time period of 

the task (chapters 11-14). The mean SI during sitting, standing, rising to stand and 

sitting down provided information pertaining to the degree of symmetry of weight 

distribution during each task. In contrast, the aim o f the task of reaching to the same 

side was to achieve maximal weight transference. Weight transference involves the 

movement o f the COP away from the midline (symmetrical) position toward the 

limits o f the BOS (asymmetrical position). Thus the goal o f reaching to the same side 

was to achieve maximal asymmetry .̂ An additional goal of the reaching task was to 

return to “normal” quiet sitting after the completion of the movement.

The pattern of movement found to be described during reaching to the same side 

started with a SI close to zero, which then increased to a peak, before returning and 

remaining at a point close to zero. From the knowledge of the biomechanics of the 

movement o f reaching and from the exploration of the SI data collected during



reaching, it was assumed that the peak SI that occurred during reaching reflected the 

maximal asymmetry achieved during the task. Thus the peak ST during the 

movement of reaching to the same side was selected as an outcome variable. It is 

assumed that the peak SI was a direct measure o f the magnitude o f the weight 

transference occurring during reaching to the same side.

A secondary aim of the movement of reaching to the same side was to return to quiet 

sitting following the weight transference As in the analysis of quiet sitting and quiet 

standing, sitting after reaching was assumed to be a “quiet” posture. Subsequently the 

mean SI during a period of quiet sitting after the cessation of the reaching movement 

was assumed to be a pertinent outcome variable. The mean SI during sitting after 

reaching was defined as the mean SI over the 1 second following the end of 

movement.

In addition to the syrnmetiy variables, the time taken to execute the movement was 

investigated. Timed movements have previously been proposed to be potential 

indicators of functional ability in patients with stroke (Wade et al, 1985a; Durward, 

1994).

Hence the outcome variables selected for the analysis of reaching to the same side 

were the peak SI, the mean SI during sitting after reaching, and the time taken to 

reach to the same side.

15.2 Healthy subjects

The percentage close agreement for each o f the three outcome variables o f the 3 trials 

of reaching to the same side for the young and elderly subjects are provided in Table 

15.1.

PCA (80% ) PCA (90% ) PCA (95% ) PCA (100% )
P e a k  SI Young 0.06 0.07 0.08 0.11

Elderly 0.06 0 10 O i l 0 2 3
M e a n  SI a f f e r Young 0.05 0.06 0.07 0 .1 2

REACHING Elderly 0.07 0.08 0.09 0.14
T i m e  ( s ) Young 3.25 3.75 4.5 5.75

Elderly 3 0 4.5 5.0 7.5

Table 15.1 PCA for reported variables from 3 repeated trials of reaching to the 
same side; young and elderly healthy subjects.
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The variation between the 3 repeated measures of the peak SI during reaching to the 

same side was very low 90% of the differences between the repeated measures were 

less than 0.07 for the young subjects and 0.10 for the elderly subjects. The variation 

between these values was less than the variation between repeated measures of quiet 

sitting (during quiet sitting, 90% of the differences were less than 0.08 and less than 

0 14 for young and elderly subjects respectively) The variation between the 3 

repeated measures o f the mean SI during sitting after reaching was also low, with the 

maximum variation between 90% of the repeated measures being less than 0.06 for 

the young and 0.08 for the elderly subjects. This was lower than the variation 

between repeated measures o f quiet sitting. 90% of the differences between the 

repeated measures of the time taken to reach to the same side are less than 4.5s. 

Although this appears relatively high, compared with values of less than Is during 

repeated measures of the time taken to rise to stand, the magnitude of these 

differences has to be considered relative to the time taken to reach

The variation between the 3 repeated measures of reaching to the same side for the 

peak SI, the mean SI during sitting after reaching and for the time taken are displayed 

graphically in Figure 15.5, Figure 15.6 and Figure 15.7. These graphs display the 

data from the elderly healthy subjects; the pattern of results from the young healthy 

subjects was similar. The small degree of variation between repeated measures o f the 

peak ST during reaching to the same side and the mean SI during sitting after reaching 

to the same side can be observed in Figure 15.5 and Figure 15.6. Figure 15.7 

demonstrates that the variation in the time taken between repeated tests of reaching to 

the same side was relatively large compared to the time taken to reach.
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Figure 15.5 Peak
symmetry inrlcY from 
3 trials of reaching to
the same side. Elderly 
healthy subjects.

10 11 12 13 14 15 16 17 18 ^  2p

Figure 15.6 Mean 
symmetry index 
during sitting after 3 
trials of reaching to 
the same side. 
Elderly healthy 
subiects.

Figure 15.7 Mean 

trials of reaching to

Elderly healthy 
suujeeis.

10 11 12 13 14 15 16 17 18 19 20

I » t n a n  « m a i ^  A mai j  |

The mean value for the 3 repeated measures of the peak SI fell within a range of 0.19 

for 90% of the young healthy subjects, and within a range of 0.25 for the elderly 

healthy subjects. The mean value for the 3 repeated measures o f the mean SI during 

sitting after reaching fell within a range of 0.13 for 90% of the young healthy subjects,
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and within a range of 0.28 for 90% of the elderly healthy subjects. Comparing these 

values with the maximum difference between the repeated measures demonstrated by 

90% of the healthy subjects (0.07 and 0.10 for the peak SI and 0.06 and 0.08 for the 

mean SI during sitting after reaching, for the young and elderly subjects respectively) 

indicates that the variation between the subjects was greater than the variation 

between repeated measures. The variation between repeated measures and the 

variation between the subjects for the time taken to reach was similar, with 90% of the 

mean times taken to reach being within a range of 3.4s and 90% of the differences 

between repeated measures being less than 3.75s for the young subjects. For the 

elderly subjects these values were 5 9s and 4 5s respectively.

The mean of the outcome variables for the 3 tests of reaching to the same side were 

determined and reported for all subsequent analysis.

The distributions o f the mean variables for reaching to the same side for the young 

and elderly healthy subjects are displayed in Figure 15.8 to Figure 15,13. The median 

values and the 5*, 25^, 75^ and 95^ percentiles for the young and elderly subjects are 

shown in Table 15.2. The distribution of the peak SI during reaching to the same side 

occurred veiy close to the upper limits of the SI scale. The distribution for both the 

young and elderly healthy subjects was fairly normal, although the tail o f the curves 

extend at the left end and not at the right. The nature of the SI scale prevents the tail 

of the distribution curve extending upward (to the right). The median values, 

interquartile and 90% range for the peak o f reaching to the same side were similar for 

the young and elderly subjects.

Peak SI during 
reaching (SI)

Mean SI after 
reaching (SI)

Mean time to 
reach (s)

young elderly young elderly young elderly
median 0.852 0.841 0.023 0.046 6.847 8.317
25th percentile 0.802 0.776 0.003 0.009 6.352 7.105
75th percentile 0.897 0.894 0.051 0.114 7.002 8.955
interquartiie range 0.095 0.118 0.048 0.105 0.650 1.850
5th percentile 0.759 0.688 -0.044 -0.087 5.401 5.607
95th percentile 0.946 0.935 0.083 0.192 8.847 11.468
90% range 0.187 0.247 0.127 0 279 3.446 5.861

Table 15.2 Medians and percentiles for reaching to the same side. Young and
elderly healthy subjects.
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Figure 15.8 Distribution of peak 
symmetry index during reaching to 
the same side for young healthy 
subjects.
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ire 15.9 Distribution of peak 
symmetry index during reaching to 
the same side for elderly healthy 
subjects.
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Figure 15.10 Distribution of mean 
symmetry index after reaching to the 
same side for young healthy 
subjects.
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Figure 15.11 Distribution of mean 
symmetry index after reaching to the 
same side for elderly healthy 
subjects.
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Figure 15.12 Distribution of time 
taken to reach to the same side for 
young healthy subjects.

Figure 15.13 Distribution of time 
taken to reach to the same side for 
elderly healthy subjects.

The distribution of the mean SI during the period of sitting after reaching to the same 

side indicated that the distribution was not centred on 0, but was higher than 0 This 

observation was confirmed by the median and percentile values. For both the young

and elderly subjects the 25^ percentile remained greater than 0, although the 5th



percentile was less than 0. This was different from the data collected during quiet 

sitting, which centred on 0. Examination o f the histograms and data for the time 

taken to reach to the same side indicated that the median value was less for the young 

subjects than it was for the elderly subjects, and that the variation between subjects 

was greater for the elderly than the young subjects. The median value of the time 

taken for the young subjects was less than the 25* percentile for the elderly subjects, 

and the median value for the elderly subjects was greater than the 75* percentile for 

the young subjects. The median value for the elderly subjects was similar to the 95* 

percentile for the young subjects, demonstrating the extent o f the difference between 

the distribution of the two groups.

Multiple regression was carried out to investigate the association between the 

symmetry and time variables and the independent variables (gender, age, age-group, 

height, body mass, lower-leg length, dominant hand). The R-squared and significance 

values are displayed in Table 15.3 - Table 15.5. The definition of significant 

association previously identified was used. There was a significant association 

between the time taken to reach to the same side and both age (R^=0.178) and age- 

group (R^=^0.197). The association between the time taken and age confirmed the 

differences in the distribution of the time variables observed above. There was no 

significant association between the symmetry and time variables and any of the other 

independent variables.

For the significant associations found, “age” was the subject’s age in years, and “age- 

group” was ‘1’ for the young subjects and ‘2’ for the elderly subjects. The regression 

equations (values for gradients and intercepts are provided in Table 15.5) indicate that 

the time taken by older subjects was longer than the time taken by younger subjects. 

The statistical differences between the time taken by the young and elderly subjects 

indicated that the two groups could not be combined for future analysis o f the time 

variables. During comparison with subjects with hemiplegia the age of the 

hemiplegic subjects had to be considered.
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independent
variable

age age
group

gender mass height lower leg 
length

dominant
hand

R" 0.020 0.016 0.002 0.014 0.007 0.002 0.061
tm 0.380 0.443 0.768 0.468 0.619 0.803 0.113
tc 0.000 0.000 0.000 0.000 0.009 0.000 0.000

gradient
constant

Table 15.3 R-squared and significance values for association between peak SI 
during reaching to the same side and independent variables.

independent
variable

age age
group

gender mass height lower leg 
length

dominant
hand

0.049 0.043 0.075 0.000 0.015 0.014 0.003
tm 0.167 0.201 0.087 0.981 0.444 0.470 0.744
tc 0.800 0.844 0.407 0.671 0.353 0.348 0.578

gradient
constant

Table 15.4 R-squared and significance values for association between mean SI 
during sitting after reaching to the same side and independent variables.

independent
variable

age age
group

gender mass height lower leg 
length

dominant
hand

R̂ 0.178 0.197 0.026 0.001 0.089 0.060 0.002
tm 0.007 0.004 0.317 0.835 0.062 0.128 0.805
tc 0.000 0.000 0.000 0.000 0.001 0.001 0.000

gradient 0.027 1.364
constant 6.212 5.426

Table 15.5 R-squared and significance values for association between time to 
reach to the same side and independent variables.

15.3 Hemiplegic subjects

15.3.1 Baseline measurement (week 0)

The distribution o f the symmetry and time variables from the hemiplegic subjects 

during the first test week (week 0) was compared with the results from the healthy 

subjects. The distribution o f the peak SI during reaching to the same side, the mean 

SI after reaching, and the time taken to reach are illustrated in Figure 15.15, Figure 

15.17 and Figure 15.19. The distributions of the same variables from the healthy 

subjects are provided in Figure 15.14, Figure 15.16 and Figure 15.18 to allow 

comparison. Figure 15.14 and Figure 15.16 show the distribution of the young and
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elderly healthy subjects combined, while Figure 15.18 displays the distribution of the 

time taken by the elderly healthy subjects as the young and elderly subjects were 

found to have significant differences in the distribution o f this variable. The median 

and percentile values are listed in Table 15.6.

Peak SI during 
reaching (SI)

Mean SI after 
reaching (SI)

Mean time to 
reach (s)

healthy hemiplegic healthy hemiplegic elderly hemiplegic
median 0.845 0.633 0.035 -0.040 8.317 10.577
25th percentile 0.793 0.509 0.004 -0.114 7.105 8.790
75th percentile 0.894 0.716 0.073 0.066 8.955 12.482
interquartile range 0.101 0,207 0.069 0.180 1.850 3.692
5th percentile 0.688 0.284 -0.083 -0.275 5.607 7.454
95th percentile 0.938 0.823 0.142 0.242 11.468 14.647
90% range 0.250 0.539 0.226 0.517 5.861 7.193

Table 15.6 Medians and percentiles for reaching to the same side. Healthy and 
hemiplegic subjects.

The distribution of the peak SI during reaching to the same side was centred around a 

lower point on the SI and had a greater variation for the hemiplegic subjects than for 

the healthy subjects. The difference between the median values was considerable, 

with the median value for the hemiplegic subjects being less than the 5* percentile for 

the healthy subjects. The 95* percentile for the hemiplegic subjects was less than the 

median peak SI for the healthy subjects. The magnitude of the interquartile range and 

90% range of the peak SI for the hemiplegic subjects was more than double those of 

the healthy subjects. The distribution of the mean SI during sitting after reaching for 

the healthy subjects was found to be centred around a point greater than 0 (0.035). 

The distribution o f the mean SI during sitting after reaching for the hemiplegic 

subjects exhibited the opposite trend, with a median value o f less than 0 (-0.040). The 

variation between the mean symmetry values after reaching was considerably greater 

for the hemiplegic subjects (90% range = 0.517) than for the healthy subjects (90% 

range = 0.226). There was a very large degree of variation between the time taken to 

reach to the same side by individual hemiplegic subjects (Figure 15.19). The median 

time taken to reach by the hemiplegic subjects (10.6s) was considerably longer than 

that taken by the elderly healthy subjects (8.3s).
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Figure 15.14 Distribution of peak 
symmetry index during reaching to 
the same side for healthy subjects 
(young and elderly combined).

Figure 15.15 Distribution of peak 
symmetry index during reaching to 
the same side for hemiplegic subjects 
during week 0 (control and practice 
combined).
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Figure 15.16 Distribution of mean 
symmetry index after reaching to the 
same side for healthy subjects 
(young and elderly combined).

Figure 15.17 Distribution of mean 
symmetry index after reaching to the 
same side for hemiplegic subjects 
during week 0 (control and practice 
combined).
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Figure 15.18 Distribution of time 
taken to reach to the same side for 
elderly healthy subjects.

Figure 15.19 Distribution of time 
taken to reach to the same side for 
hemiplegic subjects during week 0 
(control and practice combined).
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15.3.2 Control and practice groups

The relatively low number of subjects in the control and practice groups, the decrease 

in numbers over the test weeks due to patient discharge, and the relatively large 

variation between individual subjects, prevented the use of statistical tests to compare 

the control group and practice group results. Subsequently, comparison between the 

control group and practice group results was carried out with the use o f descriptive 

statistics. The median, percentiles and interquartile and 90% ranges of the symmetry 

and time data are shown in Table 15.7 - Table 15.12. The median and quartile ranges 

of the symmetry data are shown graphically in Figure 15.20, Figure 15.21 and Figure 

15.22.

Control group versus healthy subjects

The median peak symmetry during reaching to the same side for the control group 

subjects was less than the median value for the healthy subjects throughout the test 

weeks. However the median peak symmetry value for the control group subjects 

increased over the test weeks, and was greater than the 5* percentile o f the healthy 

subject data during test weeks 2-6, and was within the healthy subject interquartile 

range during week 5.

Comparison of the control group and the healthy subject median values for the mean 

SI during sitting after reaching demonstrated that, although the control group mean SI 

during sitting after reaching increased over the test weeks, it remained less than the 

healthy subject median value until week 6. The control group median values were 

less than the 25* percentile o f the healthy subjects during test weeks 0-3, within the 

healthy subject interquartile range during test weeks 4 and 5 and greater than the 75* 

percentile of the healthy subjects during test week 6.

The time taken by the control group subjects to reach to the same side was longer than 

the time taken by the healthy elderly subjects on all test weeks, and the interquartile 

range was greater for the control group than the healthy elderly subjects on all test 

weeks.
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Figure 15.20 Medians, interquartile ranges and ranges of peak SI during 
reaching to the same side by control and practice group subjects.
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Figure 15.21 Medians, interquartile ranges and ranges of mean SI after reaching 
to the same side by control and practice group subjects.
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Figure 15.22 Medians, interquartile ranges and ranges of time taken to reach to 
the same side by control and practice group subjects.
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healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 0 85 0.52 0.64 0.71 0.75 0.77 0.82 0.75
25th percentile 0 8 0 0.35 0.59 0.47 0.66 0.72 0.64 0.63
75th percentile 0 9 0 0.70 0.72 0.77 0.78 0.83 0.85 0.85
interquartile range 0 70 0.35 0.13 0.30 0.12 0.11 0.21 0.22
5th percentile 0 7 0 0.15 0.51 0.39 0.56 0.51 0.36 0.30
95th percentile 0 9 4 0.81 0.82 0.81 0.83 0.90 0.93 0.90
90% range 0 2 4 0.66 0.31 0.42 0.27 0.38 0.57 0.60

Table 15.7 Medians and percentiles for peak SI during reaching to the same 
side. Control group subjects (SI).

healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 0 8 5 0.66 0.71 0.70 0.66 0.64 0.64 0.67
25th percentile 0 8 0 0.57 0.67 0.64 0.64 0.62 0.54 0.64
75th percentile 0 9 0 0.68 0.76 0.78 0.74 0.71 0.69 0.68
interquartiie range 0 70 0.11 0.09 0.14 0.10 0.08 0.16 0.04
5th percentile 0 7 0 0.36 0.62 0.56 0.53 0.52 0.51 0.63
95th percentile 0 9 4 0.76 0.82 0.85 0.78 0.75 0.71 0.74
90% range 0 2 4 0.40 0.19 0.29 0.25 0.24 0.20 0.11

Table 15.8 Medians and percentiles for peak SI during reaching to the same side. 
Practice group subjects (SI).

healthv week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 0 0 3 -0.09 -0.04 -0.04 -0.01 0.02 0.00 0.09
25th percentile 0.00 -0.17 -0.10 -0.05 -0.12 -0.08 -0.02 0.03
75th percentile 0.07 0.01 0.07 -0.01 0.09 0.13 0.11 0.10
interquartile range 0 0 7 0.18 0.17 0.04 0.21 0.21 0.13 0.07
5th percentile -0.08 -0.26 -0.23 -0.13 -0.22 -0.22 -0.13 -0.25
95th percentile 0.14 0.07 0.16 0.17 0.25 0.37 0.25 0.16
90% range 0 2 3 0.33 0.39 0.31 0.48 0.59 0.38 0.41

Table 15.9 Medians and percentiles for mean SI after reaching to the same side. 
Control group subjects (SI).

healthv week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 0 0 3 -0.08 0.05 -0.06 -0.11 -0.14 -0.15 -0.12
25th percentile 0 0 0 -0.09 -0.06 -0.12 -0.19 -0.18 -0.18 -0.13
75th percentile 0.07 -0.02 0.22 0.02 0.10 -0.13 -0.13 -0.04
interquartile range 0 0 7 0.06 0.28 0.14 0.29 0.04 0.05 0.09
5th percentile -0,08 -0.24 -0.17 -0.18 -0.20 -0.29 -0.26 -0.16
95th percentile 0 14 0.12 0.30 0.20 0.22 -0.04 -0.05 0.10
90% range 0 2 3 0.37 0.47 0.39 0.42 0.25 0.21 0.26

Table 15.10 Medians and percentiles for mean SI after reaching to the same side. 
Practice group subjects (SI).
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elderly week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 8 32 10.40 10.27 11.25 12.65 10.96 9.99 10.77
25th percentile 7^0 9.56 9.17 9.95 9.19 9.73 8.40 7.43
75th percentile 8.96 11.98 12.24 12.27 12.81 11.92 11.82 14.96
interquartile range 185 2.42 3.07 2.32 3.62 2.19 3.42 7.53
5th percentile 5 61 8.35 6.00 9.33 7.73 6.72 7.50 6.28
95th percentile 11.47 14.31 14.03 14.00 13.90 13.61 14.23 15.85
90% range 5.86 5.96 8.03 4.67 6.16 6.89 6.73 9.57

Table 15.11 Medians and percentiles for time taken to reach to the same side. 
Control group subjects (s).

elderly week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 8 32 10.75 9.81 10.14 9.33 10.61 8.77 10.49
25th percentile 7.10 9.06 8.74 9.25 8.53 9.39 8.41 9.36
75th percentile 8.96 11.79 12.67 11.17 11.40 13.29 13.50 14.05
interquartile range 185 2.73 393 1.91 2.87 3.90 5.09 4.69
5th percentile 5.61 7.67 6.99 7.47 8.04 7.79 7.99 8.61
95th percentile 11,47 12.99 14.29 12.97 12.12 14.38 13.52 14.15
90% range 586 5.33 7.29 5.49 4.07 6.59 5.53 5.53

Table 15.12 Medians and percentiles for time taken to reach to the same side. 
Practice group subjects (s).

Practice group versus healthy subjects

As for the control group, the median peak symmetry value for the practice group 

subjects was lower than the median value from the healthy subjects throughout the 

test weeks. In contrast to the control group subjects, the median peak symmetry value 

of the practice group cannot be observed to increase over the test weeks, and remained 

less than the 5^ percentile value of the healthy subjects during test weeks 0, 3, 4, 5 

and 6.

The median value of the mean SI during sitting after reaching for the practice group 

was less than the healthy subject median value on all test weeks. The median SI 

during sitting after reaching for the practice group subjects was above the 5* 

percentile of the healthy subjects during test weeks 0-2, but below this value during 

test week 3-6.

As for the control group, the time taken by the practice group subjects to reach to the 

same side was longer than the time taken by the healthy elderly subjects on all test
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weeks. The interquartile range for the time taken was greater for the practice group 

than the healthy elderly subjects on all test weeks.

Control group versus practice group

The median peak SI increased from week 0 to week 5 for the control group. In 

contrast, there was no increase in the median peak SI over the test weeks for the 

practice group. Relative to the healthy subject data, the median value o f the peak SI 

for the control group was greater than the 5^ percentile during test weeks 2-6, while 

the median value of the peak SI for the practice group was less than the 5* percentile 

during test weeks 3-6. Figure 15.21 indicated that the mean SI during sitting after 

reaching to the same side for the control group subjects tended to become greater over 

the test weeks, while that o f the practice group subjects tended to become less over 

the test weeks. There was little observable difference between the time taken to reach 

to the same side by the control and practice group subjects throughout the test weeks. 

There were no remarkable trends or patterns in the time data.

15.3.3 Effect of discharge on group results

The numbers of subjects in both the control and practice groups decreased over the 

test weeks as subjects were discharged from the trial. It was therefore possible that 

observing the results for the groups of subjects had masked trends in the outcome 

variables of individual subjects. The results of the subjects who had measurements 

taken on all 7 test weeks, and the results of subjects who were discharged home prior 

to week 6, potentially provided information pertaining to trends in the data over time. 

Table 15.13 - Table 15.18 display the medians and interquartile ranges for the 

outcome variables for control and practice group subjects who were not discharged 

during, who were discharged home and who were discharged for other reasons during 

the test period. Figure 15.23, Figure 15.24 and Figure 15.25 illustrate the median, 

interquartile range and range of the outcome measures for the control and practice 

group subjects who were not discharged during the test period.
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Figure 15.23 Median, interquartile range and range of peak symmetry during 
reaching to the same side for hemiplegic subjects completing 7 test weeks.
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Figure 15.24 Median, interquartile range and range of mean symmetry after 
reaching to the same side for hemiplegic subjects completing 7 test weeks.
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Figure 15.25 Median, interquartile range and range of time taken to reach to the 
same side for hemiplegic subjects completing 7 test weeks.
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Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 

discharged home 
discharged other

0.594
0.670
0.428

0.638
0.652
0.723

0.596
0.721
0.895

0.665
0.799
0.875

0.755
0.785

0.729
0.807

0.699

practice not discharged 
discharged home 
discharged other

0.678
0.685
0.573

0.679
0.771
0.824

0.665
0.790
0.872

0.646
0.764

0.636 0.637 0.667

Table 15.13 Median values of peak symmetry during reaching to the same side 
for control and practice groups according to discharge status (SI).

Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 

discharged home 
discharged other

0.316
0.083
0.291

0.180
0.095
0.082

0.292
0.066
0.000

0.159
0.133
0.000

0.165
0.110

0.162
0.095

0.199

practice not discharged 
discharged home 
discharged other

0.094
0.118
0.091

0.032
0.028
0.000

0.090
0.011
0.000

0.034
0.000

0.082 0.159 0.039

Table 15.14 Interquartile range values for peak symmetry during reaching to 
the same side for control and practice groups according to discharge status (SI).

Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 

discharged home 
discharged other

-0.074
0.022
0.049

0.056
-0.067
0.089

-0.020
-0.026
0.215

-0.016
-0.085
-0.056

0.014
0.071

-0.009
0.145

0.022

practice not discharged 
discharged home 
discharged other

-0.080
0.042
-0.171

-0.034
0.140
0.125

-0.104
0.062
0.232

-0.142
0.158

-0.138 -0.149 -0.120

Table 15.15 Median values of mean symmetry after reaching to the same side 
for control and practice groups according to discharge status (SI).

Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 

discharged home 
discharged other

0.191
0.174
0.211

0.170
0.064
0.132

0.074
0.124
0.000

0.110
0.176
0.000

0.144
0.102

0.088
0.039

0.096

practice not discharged 
discharged home 
discharged other

0.021
0.129
0.147

0.321
0.186
0.000

0.096
0.088
0.000

0.117
0.000

0.044 0.048 0.086

Table 15.16 Interquartile range values for mean symmetry after reaching to the 
same side for control and practice groups according to discharge status (SI).
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Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 

discharged home 
discharged other

10.087
12.813
10.400

10.057
9.230
11.377

11.297
10.280
8.987

11.793
9.320
5.693

10.647
9.473

9.300
7.627

9.910

practice not discharged 
discharged home 
discharged other

9.060
11.477
10.777

12.347
7.847
10.507

10.867
8.843
9.880

9.887
7.907

10.613 8.767 10.493

Table 15.17 Median values of time taken to reach to the same side for control 
and practice groups according to discharge status (s).

Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 

discharged home 
discharged other

2.973
5.867
2.393

4.108
2.118
4.037

2.573
2.382
0.000

3.613
3.940
0.000

2.565
0.807

2.478
1.408

6.042

practice not discharged 
discharged home 
discharged other

3.693
1.350
0.023

4.573
1.273
0.000

2.333
1.563
0.000

3.120
0.000

3.900 5.093 4.687

Table 15.18 Interquartile range values for time taken to reach to the same side 
for control and practice groups according to discharge status (s).

The median peak SI during reaching to the same side for the control group subjects 

who were not discharged was slightly greater during test weeks 4, 5 and 6 than during 

test week 0-3. For the whole control group results the median peak SI was observed 

to increase throughout the test period. The median peak SI for the control group 

subjects who were discharged home or discharged for other reasons had an upward 

trend over the test weeks. Thus the increasing trend in the whole group may have 

been influenced by the results from the control group subjects who were discharged, 

although a slight increase was present in the control group subjects who were not 

discharged. There was little difference in the pattern of results for the whole practice 

group and the practice group subjects who were not discharged during the test period. 

There was little change in the median value of the peak SI for the whole practice 

group or for the practice group subjects who were not discharged during the test 

period.

The results for the control group subjects who were not discharged indicated that there 

was no trend or pattern in the mean SI during sitting after reaching. This contrasted 

with the whole group results that indicated that the mean SI increased slightly over the 

test period. For the control group subjects who were discharged no remarkable trends 

or patterns were observed in the data pertaining to the mean SI during sitting after
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reaching. This indicates that there were no trends in the mean SI during sitting after 

reaching for the control group subjects. However, a tendency for the mean SI during 

sitting after reaching for the practice group subjects to decrease over the test weeks 

was observed for the practice group subjects who were not discharged. This accords 

with the whole group pattern that was observed.

As in the whole group results, there were no observable trends in the time taken to 

reach to the same side for either the control or practice group subjects who were not 

discharged. However, in both the control and practice group subjects who were 

discharged home, the time taken was observed to decrease over the test weeks.

Thus, although the whole group results suggested that the peak SI for the control 

group increased over the test weeks, examination of the data according to discharge 

status indicated that there was no trend in the data of subjects who were not 

discharged. There was therefore insufficient evidence to support the existence of 

trends in the peak SI data for the control or practice group subjects over the test 

weeks. There were no trends in the data for the mean SI during sitting after reaching 

for the control group subjects; the mean SI during sitting after reaching for the 

practice group decreased over the test weeks. There were no trends in the time taken 

over the test weeks to reach to the same side for the hemiplegic subjects who were not 

discharged; however the time taken by subjects who were discharged home during the 

test period was observed to decrease over the test weeks.

15.3.4 Classification of ability

Using the definition of ‘nonuaT values previously determined the proportion o f 

hemiplegic subjects with symmetry and time data within the normal range was 

determined. The normal range was equal to the 90% range from the healthy subject 

data, with the young and elderly subjects combined, for the peak symmetry variable 

and the mean symmetry after reaching variable, but was defined as equal to the 90% 

range from the elderly healthy subjects only for the time variable (see section 15.2). 

The proportion o f control and practice group subjects with the outcome variables 

falling within the normal range are illustrated in Table 15.19 - Table 15.21, and in 

Figure 15.26 - Figure 15.31.
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unable
Control

abnorm al norm al unable
Practice

abnorm al norm al C7fF
W eek 0 0% 58% 42% 0% 78% 22% 0.305
W eek 1 0% 61% 39% 0% 50% 50%
W eek 2 0% 41% 59% 0% 50% 50% 0.674
W eek 3 0% 43% 57% 0% 67% 33% 0.400
W eek 4 0% 27% 73% 0% 60% 40% 0.176
W eek 5 0% 43% 57% 0% 60% 40% 0.510
W eek 6 0% 40% 60% 0% 80% 20% 0.143

Table 15.19 Proportion of control and practice group subjects achieving normal 
peak symmetry during reaching to the same side, and the Chi^ statistic for the 
difference between the ability of the control and practice group subjects.

unable
Control

abnorm al norm al unable
Practice

abnorm al norm al C hf
W eek 0 0% 53% 47% 0% 56% 44% 0.4&5
W eek 1 0% 33% 67% 0% 62% 38% 0.165
W eek 2 0% 24% 76% 0% 63% 38% 0.058
W eek s 0% 36% 64% 0% 100% 0% 0.016
W eek 4 0% 33% 67% 0% 80% 20% 0.06P
W eek 5 0% 50% 50% 0% 80% 20% 0.243
W eek 6 0% 20% 80% 0% 60% 40% 0.121

Table 15.20 Proportion of control and practice group subjects achieving normal 
mean symmetry after reaching to the same side, and the Chi^ statistic for the 
difference between the ability of the control and practice group subjects.

unable
Control

abnorm al norm al unable
Practice

abnorm al norm al Chi^
W eek 0 0% 42% 58% 0% 33% 67% 0.657
W eek 1 0% 44% 56% 0% 38% 62% 0.741
W eek 2 0% 35% 65% 0% 25% 75% 0.607
W eek 3 0% 40% 60% 0% 33% 67% 0.744
W eek 4 0% 27% 73% 0% 40% 60% 0.J73
W eek 5 0% 21% 79% 0% 40% 60% 0.418
W eek 6 0% 40% 60% 0% 40% 60% 1.000

Table 15.21 Proportion of control and practice group subjects achieving normal 
time to reach to the same side, and the Chi^ statistic for the difference between 
the ability of the control and practice group subjects.
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□  unable 
■  abnormal

Figure 15.26 
Proportion of control 
group subjects 
achieving normal peak 
symmetry index 
during reaching to the 
same side on different 
test weeks.

D unable 
■  abnormal 
□  normal

Figure 15.27 
Proportion of practice 
group subjects 
achieving normal peak 
symmetry index 
during reaching to the 
same side on different 
test weeks.

□  unable 
abnorrrfil

Figure 15.28 
Proportion of control 
group subjects 
achieving normal 
mean symmetry index 
after reaching to the 
same side on different 
test weeks.

Figure 15.29 
Proportion of practice 
group subjects 
achieving normal 
mean symmetry index 
after reaching to the 
same side on different 
test weeks.
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□  unablê 
«bnorrml

Figure 15.30 
Proportion of control 
group subjects 
achieving normal time 
to reach to the same 
side on different test 
weeks.

p su b je c ts  ach iev ing  "norm al ' tim e to  reach  to  the  sam e  side.

Week 2  Week 3

Figure 15.31 
Proportion of practice 
group subjects 
achieving normal time 
to reach to the same 
side on different test 
weeks.

A higher proportion of control group subjects (42%) than practice group subjects 

(22%) demonstrated a peak SI during reaching to the same side which was in the 

normal range at the time of the initial measurement. This pattern continued 

throughout the test weeks, with the control group having a higher proportion of 

subjects with normal peak SI than the practice group during each test week. Although 

no trends could be observed in the proportion of control or practice group subjects 

achieving normal peak symmetry indices during reaching, the proportion of control 

group subjects achieving normal peak symmetry at test week 6 was considerably 

higher than the proportion of practice group subjects (control 60%, practice 20%). 

Despite these differences that can be observed between the control and practice group 

subjects, the Chi-squared test demonstrated that none o f the observable differences 

were statistically significant (Table 15.19).
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The proportion of control and practice group subjects with normal mean symmetry 

indices during sitting after reaching was similar on test week 0 (control 47%, practice 

44%). However, on all subsequent test weeks the proportion achieving normal weight 

distribution was less for the practice group than for the control group. During test 

week 2 this difference neared statistical significance (Chi^ = 0.058), and during test 

week 3 this difference reached statistical significance (Chi^= 0.016). There were no 

remarkable trends in the pattern of the mean SI during sitting after reaching for either 

the control or practice group subjects.

There were no observable differences between the ability o f the control or practice 

group subjects to achieve normal time to reach to the same side during any of the test 

weeks. The proportion of subjects achieving normal time to reach on any test week 

was between 56% and 79% for the control group, and between 60% and 75% for the 

practice group. There was little change in the proportion of subjects achieving normal 

time to reach to the same side throughout the test period. This was confirmed by the 

Chi-squared values.

The number o f control and practice group subjects whose ability to reach to the same 

side changed, relative to the “normal”, between their first and last test o f reaching to 

the same side is shown in Table 15.22 - Table 15.24. These results demonstrate that 

the ability of over half of the control (0%+26%+32% = 58%) and practice 

(0% +44% +ll%  = 55%) group subjects to achieve normal peak symmetry during 

reaching to the same side did not change. O f the subjects whose ability did change, 

the ability o f approximately % improved, and approximately % deteriorated. This 

pattern of change was very similar for the ability of the control group subjects to 

achieve normal mean symmetry of weight distribution after reaching to the same side. 

However, the pattern of change in the ability of the practice group subjects to achieve 

normal mean symmetry o f weight distribution after reaching to the same side was 

different, with the ability of 89% (0%+56%+33%) of the subjects not changing 

between their first and last measurement. The changes in the ability o f the control 

and practice group subjects to achieve normal time to reach to the same side were 

similar, with approximately 70% of the subjects having no change in their ability, 

approximately 20% improving, and approximately 10% deteriorating.
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Ability a t final measurement

unable
C ontrol

abnorm al norm al unable
Practice

abnorm al norm al
Unable
A bnorm al
Normal

0 (0%) 
0 (0%) 
0 (0%)

0 (0%) 
5 (26% ) 
2 (1 1 % )

0 (0%) 
6 (32% 4 
6 (32% )

0 (0%) 
0 (0%) 
0 (0%)

0 (0%) 
4 (44%) 
1 (11% )

0 (0%) 
3 (33% ) 
1 (11% )

Table 15.22 Number (and percentage) of control and practice group subjects 
with ability to achieve normal peak symmetry index during reaching to the same 
side changing between the initial and final measurement.

Ability at final measurement
Control Practice

unable abnorm al norm al Unable abnorm al norm al
Unable
A bnorm al
Normal

0 (0%) 
0 (0%) 
0 (0%)

0 (0%) 
4 (2 1 % ) 
2 (1 1 % )

0 (0%)
6 (32% )
7 (37% )

0 (0%) 
0 (0%) 
0 (0%)

0 (0%) 
5 (56% ) 
0 (0%)

0 (0%) 
1 (11% ) 
3 (33% )

Table 15.23 Number (and percentage) of control and practice group subjects 
with ability to achieve normal mean symmetry of weight distribution after 
reaching to the same side changing between the initial and final measurement.

Ability at final measurement

unable
Control

abnorm al norm al Unable
Practice

abnorm al norm al
Unable 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
A bnorm al 0 (0%) 5 (26%) 3 (1 6 % ) 0 (0%) 1 (11% ) 2(22% 4
Normal 0 (0%) 9 (1 1 % ) 2 (47% ) 0 (0%) 1 (11% ) 5 (56% )

Table 15.24 Number (and percentage) of control and practice group subjects 
with ability to achieve normal time during reaching to the same side changing 
between the initial and final measurement.
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16. Results: Reaching across to the opposite side

16.1 Raw data and analysis

The symmetry index was determined for each test of reaching across to the opposite 

side. Examples of the SI during reaching across to the opposite side for a young, 

elderly, and hemiplegic subject are provided in Figure 16.1, Figure 16.2 and Figure 

16.3. In addition to displaying the SI, these graphs display the point where the SI 

reaches its’ peak and the points where the movement was identified to start and stop.

As in the analysis o f reaching to the same side, there was an absence o f measures of 

symmetry of weight distribution during reaching across to the opposite side reported 

in the literature. It could not be assumed that the pattern of symmetry of weight 

distribution during reaching to the same side and reaching across to the opposite side 

would be similar. It was therefore initially necessary to define the start and end o f the 

movement; to ensure the movement of reaching across to the opposite side produced a 

distinct and reproducible pattern; and hence to identify appropriate outcome measures.

16.1.1 Identification of start and end of movement

The start and end of the movement were determined using the same methodology 

used to determine the start and end of the movement of the reaching to the same side 

(see section 15.1.1).
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start peak

 s ta r t / s to p

Figure 16.1 Symmetry index during reaching across to the opposite side. Young 
healthy subject.

start peak

0.20

 ^ a r t  /  atop
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Figure 16.2 Symmetry index during reaching across to the opposite side. 
Elderly healthy subject.

w 000
 sta rt /  slop

Figure 16.3 Symmetry index during reaching across to the opposite (affected) 
side. Hemiplegic subject.
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16.1.2 Pattern of movement

In order to check the consistency of the pattern o f movement the same process as was 

used in the exploration of the pattern of movement during reaching to the same side 

was adopted (section 15.1.2). This process involved determining the start and end of 

movement for each healthy subject, and converting the time scale to a scale 

containing 100 data points. The mean and standard deviation o f the pattern of 

movement for the healthy subjects were than derived. The graph of the mean and two 

standard deviations either side for the young healthy subjects is shown in Figure 16.4. 

The pattern of movement for the elderly subjects was similar. This process 

demonstrated that there was a consistent pattern of movement, with a small degree of 

variation between healthy subjects. The pattern o f the SI during reaching across to the 

opposite side was observed to be similar to, although the mirror image of, the pattern 

of the SI during reaching to the same side. The pattern that was observed started with 

a SI close to zero, which then increased to a peak (negative SI), before returning and 

remaining at a point close to zero.

— m e a n  + 2  s ta n d a r d  d e v ia tio n s

—  m e a n  - 2  s ta n d a r d  d e v ia tio n s

0 .5

I 3 7 4 6 5 5 6 4 8 2I
1 0 0  d ig its

Figure 16.4 Mean pattern of symmetry index during reaching across to the 
opposite side. Young healthy subjects.

16.1.3 Selection of outcome variables

As was described for reaching to the same side, the analysis of reaching across to the 

opposite side was fundamentally different from the analysis o f the “symmetrical” 

tasks of sitting, standing, rising to stand and sitting down. The goal of reaching
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across to the opposite side was to achieve a maximal asymmetry, followed by a return 

to a quiet sitting posture. The similarity between the goals and the patterns of 

movement during reaching to the same side and reaching across to the opposite side 

supported the use o f similar outcome variables for both tasks. Thus the peak SI 

(maximum negative SI) was selected as an outcome variable and assumed to be a 

direct measure of the magnitude of weight transference during reaching across to the 

opposite side. The mean SI during sitting after reaching was also assumed to be an 

appropriate outcome variable for the analysis of reaching across to the opposite side, 

and was defined as the mean SI over the 1 second following the end of movement (as 

for reaching to the same side, section 15.1.3). The time taken to execute the 

movement was also defined as an outcome variable.

Hence the outcome variables selected for the analysis of reaching across to the 

opposite side were the peak (maximum negative) SI, the mean SI during sitting after 

reaching, and the time taken to reach across to the opposite side. These variables 

were similar to those selected for the analysis of reaching to the same side and, 

subsequently, allowed comparison between the two tasks.

16.2 Healthy subjects

The percentage close agreement for each of the three outcome variable of the 3 trials 

of reaching across to the opposite side for the young and elderly subjects are provided 

in Table 16.1.

PCA (80% ) PCA (90% ) PCA (95% ) PCA (100% )
P e a k  SI Young 0.08 0.12 0.18 0.25

Elderly 0.08 0.12 0.12 0.15
M ean  SI a f t e r Young 0.05 0.06 0.08 0.12

REACHING Elderly 0.08 0.09 0.10 035
T im e  (s ) Young 3.5 3.75 4.25 5.75

Elderly 2.75 3.25 4.0 5.0
Table 16.1 PCA for reported variables from 3 repeated trials of reaching across 
to the opposite side; young and elderly healthy subjects.

The variation between the 3 repeated measures of the peak SI during reaching to the 

opposite side was low, although not as low as the variation between repeated 

measures of reaching to the same side. 90% of the differences between the repeated 

measures were less than 0.12 for the young and elderly subjects for reaching across to
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the opposite side (for reaching to the same side the equivalent values were 0.07 and 

0.10 for the young and elderly subjects respectively). The variation between the 3 

repeated measures of the mean SI during sitting after reaching to the opposite side 

was also low, with 90% of the differences between the repeated measures being less 

than 0.06 and 0.09 for the young and elderly subjects respectively. An exception to 

the low variation was observed in the 100% PCA for the elderly subjects (0.35). The 

difference between this value and the 95% PCA (0.10) indicates that the 100% PCA 

may be a statistical outlier. With the exception o f this value the variation between the 

repeated measures of the mean SI after reaching was similar during reaching to the 

same side and reaching to the opposite side. The variation between the repeated 

measures of the time taken to reach to the opposite side (90% within 3.75s and 3.25s 

for young and elderly respectively) was also similar to the variation between the time 

taken to reach to the same side (90% within 3.75s and 4.5s for young and elderly 

respectively).

The variation between the 3 repeated measures of reaching to the opposite side for the 

peak SI, the mean SI after movement and the time taken are displayed graphically in 

Figure 16.5, Figure 16.6 and Figure 16.7. These graphs display the data from the 

elderly healthy subjects; the pattern o f results from the young healthy subjects was 

similar. It can be observed that the variation between the repeated measures and 

between the subjects was similar to that found for healthy subjects reaching to the 

same side. The mean value for the 3 repeated measures of the peak SI fell within a 

range of 0.27 for 90% of the young healthy subjects, and within a range of 0.23 for 

the elderly healthy subjects. The mean value for the 3 repeated measures o f the mean 

SI during sitting after reaching fell within a range of 0.11 for 90% of the young 

healthy subjects, and within a range of 0.28 for 90% of the elderly healthy subjects. 

Comparing these values with the maximum difference between the repeated measures 

demonstrated by 90% of the healthy subjects (0.12 and 0.12 for the peak SI and 0.06 

and 0.09 for the mean SI during sitting after reaching, for the young and elderly 

subjects respectively) indicates that the variation between the subjects was greater 

than the variation between repeated measures.
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su b je c ts

Figure 16.5 Peak 
symmetry index from 
3 trials of reaching 
across to the opposite 
side. Elderly healthy 
subjects.

Figure 16.6 Mean 
symmetry index 
during sitting after 
reaching across to the 
opposite side. Elderly 
healthy subjects.

Figure 16.7 Mean 
time taken during 3 
trials of reaching 
across to the opposite 
side. Elderly healthy 
subjects.

The variation between repeated measures and the variation between the subjects for 

the time taken to reach was similar, with 90% of the mean times taken to reach being 

within a range of 2.7s and 90% of the differences between repeated measures being
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less than 3.75s for the young subjects. For the elderly subjects these values were 4.5s 

and 3.25s respectively.

The mean of the outcome variables for the 3 tests of reaching across to the opposite 

side was determined and reported in all subsequent analysis.

The distribution of the mean variables for reaching across to the opposite side for the 

young and elderly healthy subjects are displayed in Figure 16.8 to Figure 16.13. The 

median values and the 5*, 25*, 75* and 95* percentiles for the young and elderly 

subjects are shown in Table 16.2. The distribution of the peak SI during reaching 

across to the opposite side occurred around a point very close to the lower limits of 

the SI. The distribution of the peak SI for reaching across to the opposite side for 

young healthy subjects was observed to be normal, while that for the elderly healthy 

subjects had a shift toward the right side of the curve. The median values, 

interquartile and 90% range for the peak of reaching across to the opposite side were 

similar for the young and elderly subjects, and were similar to those for reaching to 

the same side.

Peak SI during Mean SI after Mean time to
reaching (SI) reaching (SI) reach (s)

young elderly young elderly young elderly
median -0.835 -0.791 -0.027 -0.012 7.180 7.373
25th percentile -0.877 -0.843 -0.045 -0.088 6.170 6.553
75th percentile -0.791 -0.755 0.002 0.030 8.247 8.003
interquartile range 0.086 0.088 0.046 0.118 2.077 1.450
5th percentile -0.929 -0.893 -0.079 -0.142 5.858 5.726
95th percentile -0.709 -0.642 0.070 0.120 9.106 10.099
90% range 0.220 0.251 0.149 0.262 3.248 4.373
Table 16.2 Medians and percentiles for reaching across to the opposite side. 
Young and elderly healthy subjects.
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Figure 16.8 Distribution of peak 
symmetry index during reaching 
across to the opposite side for young 
healthy subjects.

■8 10

S S 5 R R 5 § 5 R IS g a§

Figure 16.9 Distribution of peak 
symmetry index during reaching 
across to the opposite side for elderly 
healthy subjects.
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Figure 16.10 Distribution of mean 
symmetry index after reaching 
across to the same side for young 
healthy subjects.
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Figure 16.11 Distribution of mean 
symmetry index after reaching 
across to the same side for elderly 
healthy subjects.
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Figure 16.12 Distribution of time 
taken to reach across to the opposite 
side for young healthy subjects.

Figure 16.13 Distribution of time 
taken to reach across to the opposite 
side for elderly healthy subjects.

The distribution of the mean SI during the period o f sitting after reaching across to the 

opposite side indicated that the distribution was centred on a point lower than 0. This 

reflects the same pattern as the mean SI during the period of sitting after reaching to 

the same side where the median values were greater than 0. However, in the case of
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the data for reaching across to the opposite side the interquartile range included zero 

within its range: this did not occur with the reaching to the same side data. The 

interquartile range and 90% range for the mean SI after reaching across to the 

opposite side were less for the young subjects than for the elderly subjects: the 

difference was similar to that between the young and elderly subjects for this variable 

in the measurement of reaching to the same side. Comparing the distribution o f the 

time taken during reaching across to the opposite side for the young and elderly 

subjects was confounded by the non-normal distribution of this data. However, 

observation of the median and percentile values suggests that the time taken by the 

young and elderly subjects was similar. This was not the case in the comparison of 

the time taken during reaching to the same side, where the elderly subjects took longer 

to perform the task.

Multiple regression was carried out to investigate the association between the 

symmetry and time variables and the independent variable (gender, age, age-group, 

height, body mass, lower-leg length, dominant hand). The R-squared and significance 

values are displayed in Table 16.3 - Table 16.5. The definition of significant 

association previously identified was used. There was a significant association 

between the time taken to reach to the opposite side and gender (R^=0.126). There 

was no significant association between the symmetry and time variables and any of 

the other independent variables.

For the significant association between gender and the time taken to reach across to 

the opposite side, “gender” was rated as ‘1’ for males and ‘2’ for females. The 

regression equation (values for gradients and intercepts provided in Table 16.5) 

implies that females took significantly longer to reach across to the opposite side than 

males.
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independent
variable

age age
group

gender mass height lower leg 
length

dominant
hand

0.082 0.070 0.015 0.062 0.000 0.039 0.001
tm 0.078 0.104 0.459 0.124 0.964 0.229 0.872
tc 0 .000 0 .000 0.000 0.000 0,002 0 .000 0.000

gradient
constant

Table 16.3 R-squared and significance values for association between peak SI 
during reaching across to the opposite side and independent variables.

independent
variable

age age
group

gender mass height lower leg 
length

dominant
hand

0.001 0.001 0.010 0.027 0.005 0.021 0.001
tm 0.865 0 .815 0.545 0 .320 0.665 0.382 0.835
tc 0 .578 0.788 0.147 0.446 0.725 0.444 0.527

gradient
constant

Table 16.4 R-squared and significance values for association between mean SI 
during sitting after reaching across to the opposite side and independent 
variables.

independent
variable

age age
group

gender mass height lower leg 
length

dominant
hand

R̂ 0 .006 0 .006 0.126 0.024 0.005 0.045 0.015
tm 0.641 0.637 0.025 0.334 0.678 0.197 0.452
tc 0 .000 0 .000 0 .000 0.000 0.033 0.001 0.000

gradient 0.958
constant 6 .880

Table 16.5 R-squared and significance values for association between time taken 
to reach across to the opposite side and independent variables.

16.3 Hemiplegic subjects

16.3.1 Baseline measurement (week 0)

The distribution o f the symmetry and time variables from the hemiplegic subjects 

during the first test week (week 0) can be compared with the results from the healthy 

subjects. The distribution of the peak SI during reaching across to the opposite side, 

the mean SI after reaching, and the time taken to reach are illustrated in Figure 16.15, 

Figure 16.17 and Figure 16.19. The distributions of the same variables from the 

healthy subjects are provided in Figure 16.14, Figure 16.16 and Figure 16.18 to allow 

comparison. The median and percentile values are listed in Table 16.6.
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Figure 16.14 Distribution of peak 
symmetry index during reaching 
across to the opposite side for 
healthy subjects (young and elderly 
combined).
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Figure 16.15 Distribution of peak 
symmetry index during reaching 
across to the opposite side for 
hemiplegic subjects during week 0 
(control and practice combined).
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Figure 16.16 Distribution of mean 
symmetry index after reaching 
across to the opposite side for 
healthy subjects (young and elderly 
combined).
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Figure 16.17 Distribution of mean 
symmetry index after reaching 
across to the opposite side for 
hemiplegic subjects during week 0 
(control and practice combined).
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Figure 16.18 Distribution of time 
taken to reach across to the opposite 
side for healthy subjects (young and 
elderly combined).
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Figure 16.19 Distribution of time 
taken to reach across to the opposite 
side for hemiplegic subjects during 
week 0 (control and practice 
combined).

332



Peak SI during Mean SI after Mean time to
reaching (SI) reaching (SI) reach (s)

healthy hemiplegic healthy hemiplegic healthy hemiplegic
median -0.813 -0.688 -0.021 -0.064 7.360 11.107
25th percentile -0.770 -0.608 0.013 0.037 6.453 9.455
75th percentile -0.863 -0.774 -0.050 -0.178 8.233 13.592
interquartile range 0.094 0.166 0.063 0.216 1.780 4.137
5th percentile -0.671 -0.280 0.111 0.237 5.750 6.976
95th percentile -0.924 -0.923 -0.130 -0.257 9.582 14.735
90% range 0.254 0.642 0.241 0.494 3.832 7.758
Table 16.6 Medians and percentiles for reaching across to the opposite side. 
Healthy and hemiplegic subjects.

The distribution of the peak SI during reaching across to the opposite side was centred 

around a higher (less negative) point on the SI and had a greater variation for the 

hemiplegic subjects than for the healthy subjects. The median peak SI for the 

hemiplegic subjects was higher (more negative) than the 25* percentile for the healthy 

subjects, demonstrating that there was considerable difference between the 

distribution o f the healthy and hemiplegic subjects. The variation between the peak 

symmetry indices of the hemiplegic subjects was greater than the variation between 

the healthy subjects. The distribution of the mean SI during sitting after reaching 

across to the opposite side was centred on a point less than 0 for both the healthy and 

hemiplegic subjects. The point was more negative for the hemiplegic subjects 

(-0.064) than for the healthy subjects (-0.021). The time taken to reach across to the 

opposite side was considerably longer for the hemiplegic subjects (11.Is) than the 

healthy subjects (7.4s), with the median values for the hemiplegic subjects being 

greater than the 95* percentile for the healthy subjects. The interquartile and 90% 

range for the time taken to reach across to the opposite side for the hemiplegic 

subjects were more than double that o f the healthy subjects.

16.3.2 Control and practice groups

The relatively low number of subjects in the control and practice groups, the decrease 

in numbers over the test weeks due to patient discharge, and the relatively large 

variation between individual subjects, prevented the use o f statistical tests to compare 

the control group and practice group results. Subsequently, comparison between the 

control group and practice group results was carried out with the use o f descriptive 

statistics. The median, percentiles and interquartile and 90% ranges of the symmetry
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and time data are shown in Table 16.6 - Table 16.11. The median and quartile ranges 

of the symmetry data are shown graphically in Figure 16.20, Figure 16.21 and Figure 

16.22.

Control group versus healthy subjects

The median peak symmetry during reaching across to the opposite side for the control 

subjects was slightly less than the median value for the healthy subjects throughout 

the test weeks. On all except one test week (week 2) the control group median peak 

SI was with out the healthy subject interquartile range; on all test weeks the control 

group median peak SI fell within the healthy subject 90% range.

The median values of the mean SI during sitting after reaching across to the opposite 

side for the control group remained fairly close to the values for the healthy subjects. 

During all test weeks the median values of the mean SI during sitting after reaching 

for the control group subjects was within the 90% range for the healthy subjects, 

which was a narrow band due to the small degree of variation between healthy 

subjects. The 90% range for the control group subjects was considerably larger than 

that of the healthy subjects.

The time taken to reach across to the opposite side by the control group subjects was 

greater than the time taken by the healthy subjects. The median value for the time 

taken was greater than the 95* percentile for the healthy subjects by the control group 

on all test weeks.
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Figure 16.20 Medians, interquartile ranges and ranges of peak SI during 
reaching across to the opposite side by control and practice group subjects.
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Figure 16.21 Medians, interquartile ranges and ranges of mean SI after reaching 
across to the opposite side by control and practice group subjects.
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Practice group

Figure 16.22 Medians, interquartile ranges and ranges of time taken to reach 
across to the opposite side by control and practice group subjects.
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healthv week 0 week 1 week 2 week 3 week 4 week 5 week 6
median -0.81 -0.74 -0.76 -0.79 -0.72 -0.73 -0.72 -0.71
25th percentile -0.77 -0.64 -0.63 -0.60 -0.64 -0.68 -0.61 -0.67
75th percentile -0.86 -0.77 -0.84 -0.85 -0.83 -0.82 -0.84 -0.79
interquartile range 009 0.13 0.21 0.25 0.19 0.14 0.23 0.12
5th percentile -0.67 -0.20 -0.46 -0.34 -0.45 -0.55 -0.55 -0.59
95th percentile -0.92 -0.97 -0.91 -0.91 -0.90 -0.91 -0.91 -0.84
90% range 025 0.77 0.45 0.57 0.45 0.35 0.36 0.25

opposite side. Control group subjects (SI).

healthv week 0 week 1 week 2 week 3 week 4 week 5 week 6
median -0.81 -0.62 -0.64 -0.74 -0.79 -0.72 -0.75 -0.79
25th percentile -0 77 -0.60 -0.57 -0.70 -0.76 -0.71 -0.70 -0.68
75th percentile -0 86 -0.69 -0.71 -0.78 -0.81 -0.72 -0.79 -0.83
interquartile range 0.09 0.09 0.15 0.07 0.05 0.00 0.09 0.15
5th percentile -0 67 -0.56 -0.54 -0.58 -0.64 -0.68 -0.67 -0.67
95th percentile -0.92 -0.80 -0.84 -0.81 -0.82 -0.80 -0.87 -0.86
90% range 0,25 0.24 0.30 0.23 0.19 0.12 0.20 0.19
Table 16.8 Medians and percentiles for peak SI during reaching across to the
opposite side, practice group subjects (SI)

healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median -0.02 -0.03 -0.03 -0.03 -0.06 0.01 0.01 -0.07
25th percentile 0.01 0.08 0.03 0.09 0.07 0.06 0.17 -0.04
75th percentile -0.05 -0.18 -0.14 -0.14 -0.16 -0.09 -0.04 -0.30
interquartile range 0.06 0.26 0.17 0.22 0.23 0.15 0.21 0.26
5th percentile O il 0.28 0.12 0.14 0.20 0.23 0.27 0.13
95th percentile -0.13 -0.25 -0.28 -0.28 -0.26 -0.28 -0.26 -0.51
90% range 024 0.53 0.40 0.43 0.45 0.52 0.53 0.64
Table 16.9 Medians and percentiles for mean SI after reaching across to the
opposite side. Control group subjects (SI).

healthv week 0 week 1 week 2 week 3 week 4 week 5 week 6
median -0.02 -0.09 -0.07 -0.09 -0.17 -0.27 -0.19 -0.10
25th percentile 0.01 -0.06 0.05 0.03 -0.14 -0.16 -0.14 -0.09
75th percentile -0.05 -0.17 -0.11 -0.14 -0.18 -0.31 -0.20 -0.10
interquartile range 0.06 0.12 0.17 0.17 0.04 0.15 0.06 0.01
5th percentile 0.11 0.12 0.19 0.18 0.09 -0.04 -0.09 -0.08
95th percentile -0.13 -0.32 -0.17 -0.26 -0.19 -0.32 -0.43 -0.31
90% range 0.24 0.44 0.36 0.43 0.27 0.28 0.33 0.22
Table 16.10 Medians and percentiles for mean SI after reaching across to the
opposite side. Practice group subjects (SI).
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healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 736 10.65 11.48 11.16 11.49 10.92 10.67 11.53
25th percentile 645 8.55 9.91 9.00 9.66 8.75 8.79 10.06
75th percentile 823 13.64 13.08 12.99 12.33 13.56 13.99 14.88
interquartile range 178 5.08 3.17 3.99 2.67 4.81 5.20 4.83
5th percentile 575 6.39 5.94 7.36 7.30 6.75 6.17 8.49
95th percentile 958 14.89 14.79 13.76 13.61 14.94 14.70 15.10
90% range 383 8.49 8.86 6.40 6.30 8.18 8.53 6.61
Table 16.11 Medians and percentiles for time taken to reach across to the 
opposite side. Control group subjects (s).

healthy week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 7 36 11.99 11.20 9.10 11.53 12.07 11.19 10.71
25th percentile 645 10.58 9.50 8.47 9.94 10.15 10.28 10.11
75th percentile 823 12.79 12.73 11.37 13.59 13.10 13.85 14.51
interquartile range 1.78 2.21 3.23 2.90 3.65 2.95 3.57 4.40
5th percentile 5.75 9.84 7.85 8.40 8.45 8.16 9.68 9.18
95th percentile 9.58 14.36 15.13 14.85 14.03 14.05 14.37 14.82
90% range 383 4.52 7.28 6.45 5.58 5.90 4.69 5.64
Table 16.12 Medians and percentiles for time taken to reach across to the 
opposite side. Practice group subjects (s).

Practice group versus healthy subjects

The peak symmetry value for the practice group subjects was less than that of the 

healthy subjects on all test weeks. The practice group median peak SI was with out 

the healthy subject 90% range during test weeks 0 and 1. During test weeks 2-6 the 

practice group median peak SI fell within the healthy subject 90% range. On two 

weeks (week 3 and 6) the practice group median peak SI was within the healthy 

subject interquartile range.

The median value of the mean SI during sitting after reaching across to the opposite 

side for the practice group subjects was always lower (more negative) for the practice 

group subjects than for the healthy subjects. During test weeks 0 , 1 , 2  and 6 the 

median value for the mean SI during sitting after reaching for the practice group 

subjects was within the healthy subject 90% range. However during test weeks 3, 4 

and 5 the median value for the practice group subjects was less than that o f the 

healthy subject 95^ percentile.
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The time taken to reach across to the opposite side by the practice group subjects was 

greater than the time taken by the healthy subjects. The median value for the time 

taken by the practice group was greater than the 95* percentile for the healthy 

subjects on all test weeks, with the exception of the time taken during test week 2 

which fell just within the healthy subject 90% range.

Control versus practice group

During test weeks 0 and 1 the peak SI during reaching across to the opposite side for 

the practice group was slightly less (less negative) than that of the control group. 

However during test weeks 2-6 the peak symmetry indices for the control group and 

practice group were similar. The interquartile and 90% range of the peak SI for both 

the control and practice groups was considerably greater in magnitude than that of the 

healthy subjects; the increased magnitude of variation was due to a shift in the 

hemiplegic subject data toward more positive symmetry values. There was no 

obvious change in the peak SI for the control group subjects throughout the test 

weeks. With the exception of the increase in values between week 1 and week 2 for 

the practice group, neither was there an obvious change in the peak SI for the practice 

group subjects over the test weeks.

The mean SI during sitting after reaching was similar for the control group and 

practice group during test weeks 0, 1 and 2. However, during weeks 3 -  6 the median 

value of the mean SI during sitting after reaching for the practice group was less than 

that of the control group. Additionally, during these latter weeks, the interquartile and 

90% range for the mean SI during sitting after reaching across to the opposite side for 

the practice group subjects was notably less than that for the control group subjects. 

Comparing the pattern of mean SI data after reaching to the same side and reaching 

across to the opposite side (Figure 15.21 and Figure 16.21) indicated a remarkable 

similarity in the mean symmetry values for the practice group subjects during 

reaching to the same side and reaching across to the opposite side.

The time taken to reach across to the opposite side by the control and practice group 

subjects was greater than the time taken by the healthy subjects on all test weeks. The 

time taken by the control and practice group subjects was similar and demonstrated no 

trends or patterns over the test weeks.
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16.3.3 Effect of discharge on group results

The numbers of subjects in both the control and practice groups decreased over the 

test weeks as subjects were discharged from the trial. It was therefore possible that 

observing the results for the groups of subjects may have masked trends in the 

outcome variables o f individual subjects. The results of the subjects who had 

measurements taken on all 7 test weeks, and the results of subjects who were 

discharged home prior to week 6, could provide information pertaining to trends in 

the data over time. Table 16.13 - Table 16.18 display the medians and interquartile 

ranges for the outcome variables for control and practice group subjects who were not 

discharged during, who were discharged home and who were discharged for other 

reasons during the test period. Figure 16.23, Figure 16.24 and Figure 16.25 illustrate 

the median, interquartile range and range of the outcome measures for the control and 

practice group subjects who were not discharged during the test period.

Comparing the graph of the median and ranges of the peak SI during reaching across 

to the opposite side for the whole group (Figure 16.20) and that for the subjects who 

were not discharged home during the test period (Figure 16.23) did not reveal any 

observable differences. The median values for the peak SI during reaching across to 

the opposite side for the control group subjects revealed that the median values for 

subjects who were not discharged during the test period were lower than the median 

values for the subjects who were discharged during the test period. There was no 

observable difference between the median values for the peak SI during reaching 

across to the opposite side for practice group subjects with different discharge 

statuses.
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Figure 16.23 Median, interquartile range and range of peak symmetry during 
reaching across to the opposite side for hemiplegic subjects completing 7 test 
weeks.

I I Control group 

■jjH  Practice group

4

Figure 16.24 Median, interquartile range and range of mean symmetry after 
reaching to the opposite side for hemiplegic subjects completing 7 test weeks.

■0t
I I Control group 

m  Practice group

Figure 16.25 Median, interquartile range and range of time taken to reach across 
to the opposite side for hemiplegic subjects completing 7 test weeks.
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Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 

discharged home 
discharged other

-0.730
-0.751
-0.685

-0.664
-0.796
-0.738

-0.655
-0.824
-0.935

-0.674
-0.821
-0.895

-0.718
-0.807

-0.667
-0.808

-0.712

practice not discharged 
discharged home 
discharged other

-0.601
-0.651
-0.716

-0.629
-0.593
-0.707

-0.752
-0.673
-0.681

-0.798
-0.787

-0.717 -0.752 -0.789

Table 16.13 Median values of peak symmetry during reaching across to the 
opposite side for control and practice groups according to discharge status (SI).

Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 

discharged home 
discharged other

0.318
0.098
0.179

0.213
0.088
0.223

0.281
0.095
0.000

0.242
0.148
0.000

0.196
0.191

0.174
0.173

0.115

practice not discharged 
discharged home 
discharged other

0.063
0.040
0.095

0.155
0.048
0.000

0.052
0.149
0.000

0.064
0.000

0.005 0.088 0.150

Table 16.14 Interquarti e range values for peak symmetry during reaching 
across to the opposite side for control and practice groups according to discharge 
status (SI).

Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 

discharged home 
discharged other

-0.008
-0.136
0.138

-0.079
-0.049
0.039

-0.040
-0.035
0.267

-0.056
-0.093
0.005

-0.045
0.090
-0.084

-0.015
0.164

-0.069

practice not discharged 
discharged home 
discharged other

-0.089
-0.002
-0.183

-0.114
0.049
0.018

-0.135
0.037
0.199

-0.178
0.159

-0.267 -0.188 -0.100

Table 16.15 Median values of mean symmetry after reaching across to the 
opposite side for control and practice groups according to discharge status (SI).

Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 

discharged home 
discharged other

0.286
0.117
0.160

0.176
0.093
0.032

0.177
0.216
0.000

0.276
0.191
0.000

0.115
0.056
0.000

0.195
0.066

0.263

practice not discharged 
discharged home 
discharged other

0.045
0.171
0.230

0.049
0.114
0.000

0.021
0.100
0.000

0.019
0.000

0.149 0.056 0.011

Table 16.16 Interquartile range values for mean symmetry after reaching across 
to the opposite side for control and practice groups according to discharge status 
(SI).
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Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 

discharged home 
discharged other

10.740 11.490 11.243 11.553 10.573 12.233 11.530 
12.042 10.147 9.400 11.173 10.920 8.960 
7.787 11.200 11.427 9.440

practice not discharged 
discharged home 
discharged other

12.427 11.947 10.260 12.733 12.073 11.193 10.707 
10.760 9.827 8.857 8.000 
12.920 11.807 8.480

Table 16.17 Median values of time taken to reach across to the opposite side for 
control and practice groups according to discharge status (s).

Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 

discharged home 
discharged other

4.578
3.954
4.833

2.027
2.518
4.053

3.593
2.985
0.000

2.080
1.913
0.000

5.467
1.383

4.832
3.557

4.825

practice not discharged 
discharged home 
discharged other

2.207
0.607
0.927

5.433
0.760
0.000

5.747
0.410
0.000

3.560
0.000

2.953 3.573 4.400

Table 16.18 Interquartile range values for time taken to reach across to the 
opposite side for control and practice groups according to discharge status (s).

The graph for the mean SI during sitting after reaching across to the opposite side for 

the whole group o f hemiplegic subjects (Figure 16.21) and the hemiplegic subjects 

who completed 7 test weeks (Figure 16.24) both demonstrate a similar pattern. The 

data for the median value of the mean SI during sitting after reaching across to the 

opposite side for the control group demonstrates that there was no difference in the 

pattern o f the results from control group subjects who were or were not discharged. 

For the practice group subjects, the median value of the mean SI during sitting after 

reaching across to the opposite side tended to be higher for subjects who were 

discharged than for subjects who were not discharged.

As in the whole group results, there was no observable trend in the time taken to reach 

across to the opposite side by control or practice group subjects over the test period. 

The median times taken by subjects with different discharge status demonstrated little 

difference between control group subjects who were or were not discharged. Practice 

group subjects who were discharged home can be observed to take less time to reach 

across to the opposite side than subjects who were not discharged.

Although small differences were observed between the median values of the subjects 

who were discharged and those who were not these have to be viewed relative to the
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magnitude o f the interquartile ranges. While these small differences did occur, the 

whole group pattern of results was similar to that of the results from subjects 

completing 7 test weeks. This indicates that the effect of discharge on the pattern of 

the outcome variable observed for reaching across to the opposite side was minimal.

16.3.4 Classification of ability

Using the definition of ‘normal’ values that was previously stated, the proportion of 

hemiplegic subjects with symmetry and time data within the normal range was 

determined. The proportions of control and practice group subjects with the outcome 

variables falling within the normal range are illustrated in Table 16.19 - Table 16.21 

and in Figure 16.26 - Figure 16.31.

At the time of the baseline measurement (week 0), a higher proportion of control 

group subjects (53%) than practice group subjects (33%) had normal peak SI during 

reaching across to the opposite side. During test week 1 the proportional difference 

remained similar. However, in test week 2-6 the proportion of practice group subjects 

achieving normal peak symmetry increased, and was greater than that o f the control 

group subjects. Although a higher proportion of the practice group subjects were 

observed to achieve normal peak symmetry, the Chi-squared test demonstrated that 

there was no significant difference between the ability of the practice and control 

group.

No pattern can be observed in the proportion of control and practice subjects able to 

achieve normal mean symmetry o f weight distribution during sitting after reaching 

across to the opposite side. However the proportion of practice group subjects 

achieving normal mean SI during sitting after reaching decreased and was lower than 

that of the control group subjects during test weeks 2-5. During test week 3 the 

difference between the ability of the control and practice group neared significance 

(Chi^ = 0.067) and during test week 4 the difference was statistically significant (Chi^ 

= 0.027).

The proportion of hemiplegic subjects able to achieve reaching across to the opposite 

side with the normal time was low throughout the test period. There were no
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observable differences between the ability of the control and practice group subjects, 

or in the pattern of ability of the groups over the test weeks.

unable
Control

abnorm al norm al unable
Practice

abnorm al norm al C hf
'Week 0 0% 47% 53% 0% 67% 33% 0.339
W eek 1 0% 44% 56% 0% 63% 38%
W eek 2 0% 35% 65% 0% 13% 88%
W eek 3 0% 27% 73% 0% 17% 83%
W eek 4 0% 33% 67% 0% 0% 100% 0.136
W eek 5 0% 43% 57% 0% 20% 80% 0 363
W eek 6 0% 30% 70% 0% 20% 80%

Table 16.19 Proportion of control and practice group subjects achieving normal 
peak symmetry during reaching across to the opposite side, and the Chi statistic 
for the difference between the ability of the control and practice group subjects.

unable
Control

abnorm al norm al unable
Practice

abnorm al norm al Chi'
W eek 0 0% 63% 37% 0% 44% 56% 0.350
W eek 1 0% 44% 56% 0% 38% 63% 0.741
W eek 2 0% 47% 53% 0% 63% 38% 0.471
W eek 3 0% 60% 40% 0% 100% 0% 0.067
W eek 4 0% 25% 75% 0% 80% 20% &027
W eek 5 0% 57% 43% 0% 80% 20% 0.363
W eek 6 0% 50% 50% 0% 20% 80% &26V

Table 16.20 Proportion of control and practice group subjects achieving normal 
mean symmetry after reaching across to the opposite side, and the Chi statistic 
for the difference between the ability of the control and practice group subjects.

unable
Control

abnorm al norm al unable
Practice

abnorm al norm al Chi'
W eek 0 0% 68% 32% 0% 100% 0% 0.057
W eek 1 0% 83% 17% 0% 75% 25% 0.619
W eek 2 0% 65% 35% 0% 38% 63% 0.201
W eek 3 0% 73% 27% 0% 83% 17% oj% a
W eek 4 0% 67% 33% 0% 80% 20% 0.573
W eek 5 0% 71% 29% 0% 80% 20% 0.709
W eek 6 0% 80% 20% 0% 80% 20% 1.000

Table 16.21 Proportion of control and practice group subjects 
time to reach across to the opposite side, and the Chi^ statistic 
between the ability of the control and practice group subjects.

achieving normal 
for the difference
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Figure 16.26 
Proportion of control 
group subjects 
achieving normal peak 
symmetry index 
during reaching 
across to the opposite 
side on different test 
weeks.

□  unable 
'■  abnormal 
■  normal

Figure 16.27 
Proportion of practice 
group subjects 
achieving normal peak 
symmetry index 
during reaching 
across to the opposite 
side on different test 
weeks.

□  unable 
abnormal

Figure 16.28 
Proportion of control 
group subjects 
achieving normal 
mean symmetry index 
after reaching across 
to the opposite side on 
different test weeks.

□  unable 
■  abnormal

Figure 16.29 
Proportion of practice 
group subjects 
achieving normal 
mean symmetry index 
after reaching across 
to the opposite side on 
different test weeks.

W eek 2 W eek 3 W eek 4 Week 5
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□  unable
■  abnormal
■  normal

Figure 16.30 
Proportion of control 
group subjects 
achieving normal time 
to reach across to the 
opposite side on 
different test weeks.

W eekO W eek i

10  unable 
■  abnormal

Figure 16.31 
Proportion of practice 
group subjects 
achieving normal time 
to reach across to the 
opposite side on 
different test weeks.

The number o f control and practice group subjects whose ability to reaching across to 

the opposite side changes, relative to the “nonnal”, between their first and last test of 

reaching to the same side is shown in Table 16.22 - Table 16.24. As was found for 

the changes in the ability to achieve normal peak SI during reaching to the same side, 

the ability of over 50% of the control and practice group to achieve normal peak SI 

during reaching across to the opposite side did not change. O f those subjects whose 

ability did change, a greater proportion improved than deteriorated; the ability of none 

of the practice subjects to achieve normal peak symmetry deteriorated. 100% of the 

practice group subjects demonstrated no change between the first and last test in the 

ability to achieve normal mean symmetry of weight distribution during sitting after 

reaching across to the opposite side. The pattern for the ability to achieve normal 

mean SI after reaching across to the opposite side was different for the control group 

subjects; 37% of whom improved between the first and last test. Over 50% of control 

and practice group subjects demonstrated times to reach across to the opposite side
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which were with out normal time limits during the first and final test of reaching. A 

higher proportion of practice group subjects (0%+44%+0% = 44%) than control 

group subjects (0%+l 1%+11% = 22%) achieved normal time to reach during the test 

period.

Ability at final measurement

•è '
unable

Control
abnorm al norm al unable

Practice
abnorm al norm al

•S Unable 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
% -C) A bnorm al 0 (0%) 4 (2 1 % ) 5 (26% ) 0 (0%) 3 (33% ) 3 (33% )

Norm al 0 (0%) 2 (1 1 % ) 8 (42% ) 0 (0%) 0% 3 (33% )
Table 16.22 Number (and percentage) of control and practice group subjects 
with ability to achieve normal peak symmetry index during reaching across to 
the opposite side changing between the initial and final measurement.

Ability a t final measurement

unable
Control

abnorm al norm al Unable
Practice

abnorm al norm al
Unable 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

• A bnorm al 0 (0%) 5 (26%) 7 (37% ) 0 (0%) 4 (44% ) 0 (0%)
“Ci Norm al 0 (0%) 4 (2 1 % ) 3 (1 6 % ) 0 (0%) 0 (0%) 5 (56% )

Table 16.23 Number (and percentage) of control and practice group subjects 
with ability to achieve normal mean symmetry of weight distribution after 
reaching across to the opposite side changing between the initial and final 
measurement.

Ability a1 final measurement

unable
Control

abnorm al norm al Unable
Practice

abnorm al norm al

7^ Unable 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
• Abnorm al 0 (0%) 11 (58%) 2 (1 1 % ) 0 (0%) 5 (56% ) 4 (44% )

Q Norm al 0 (0%) 4 (2 1 % ) 2 (1 1 % ) 0 (0%) 0 (0%) 0 (0%)
Table 16.24 Number (and percentage) of control and practice group subjects 
with ability to achieve normal time during reaching across to the opposite side 
changing between the initial and final measurement.
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17. Results: Functional ability

17.1 Comparing functional tasks

17.1.1 Healthy subjects

Previous chapters presented the data derived from the measurement of the symmetry 

of weight distribution during sitting, standing, rising to stand, sitting down, reaching 

to the same side and reaching across to the opposite side. Each functional task was 

analysed and reported individually. In order to investigate whether there was any 

relationship between the symmetry and time variables from the different tasks 

Pearson’s correlation coefficient was determined for the association between any two 

variables. Pearson’s r value provides a measure of the extent to which paired scores 

are correlated. Each subject had 14 different measures of outcome (symmetry and 

time variables from different functions). The maximum number of pairs that could be 

created from the 14 scores was 78 pairs. Pearson’s r values for the associations 

between the different pairs o f values are provided in Table 17.1.

Correlation
coefficient

sit std RTSon RTSoff RTStime SDoff SDon SDtime RSpeak RSafter RStime R Apeak RAafter RAtime

sit 1
std 0.08 1

RTSon 0.69 0.26 1
RTSoff 0.05 0.41 0.00 1

RTStime 0.08 0.06 0.00 0.14 1
SDoff 0.16 0.92 0.27 0.45 0.05 1
SDon 0.58 0.17 0.78 0.08 0.10 0.23 1

SDtime 0.27 0.06 0.24 0.14 0.60 0.11 0.18 1
RSpeak 0.30 0.00 0.23 0.06 0.06 0.11 0.21 0.08 1
RSafter 0.10 0.08 0.00 0.03 0.03 0.11 0.10 0.18 0.15 1
RStime 0.10 0.10 0.31 0.20 0.06 0.16 0.26 0.13 0.17 0.39 1
R Apeak 0.15 0.20 0.30 0.09 0.29 0.20 0.24 0.17 0.46 0.26 0.05 1
RAafter 0.11 0.00 0.08 0.24 0.11 0.03 0.05 0.32 0.20 0.56 0.38 0.18 1
RAtime 0.16 0.22 0.28 0.05 0.00 0.22 0.29 0.39 0.22 0.26 0.51 0.00 0.29 1

Table 17.1 Pearson’s r value for association between outcome variables from 
measured functions. Healthy subjects. (Key to abbreviations in Appendix K).

The r value depicts the strength of the association between variables. Currier (1990) 

proposed that correlation coefficients from 0 - 0 . 6 9  indicate poor correlation; 0.70 -  

0.79 fair association; 0.80 -  0.89 good association; and 0.90 -  0.99 high association. 

For the purposes of this study, an association of relevant strength was defined as the 

association occurring between two variables when the r value was greater than 0.70 

(“fair” association, or 49% of variability accounted for) and when the significance
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levels of the gradient and constant of the regression equation have greater than 95% 

significance (p<0.05).

The correlation coefficients for the association between the symmetry of weight 

distribution during the seat-on phases o f rising to stand and sitting down and between 

the symmetry of weight distribution during stance and the seat-off phase of sitting 

down were both greater than 0.70 (0.917 and 0.781 respectively). The significance 

levels of the gradient and constant of the regression equations for the association 

between these variables are provided in Table 17.2.

Regression equation p (gradient) p (constant)

SDoff = (0.95*std) + 0.01 0.000 0.225
SDon = (1.12*RTSon) + 0.01 0.000 0.052

Table 17.2 Regression equation and significance levels for the gradient and 
constant in the equation for associations between outcome variables of different 
functions with Pearson’s r value > 0.70. Healthy subjects. (Key to abbreviations 
in Appendix K).

Although the significance level for the gradient of the regression equation was high 

(p<0.05), the significance level for the constant of the regression equation was greater 

than 0.05, for both associations. Thus, the association between these variables did not 

meet the criteria defined for an association of relevant strength for this study. There 

were therefore no relevant associations between the outcome variables for the healthy 

subjects.

17.1.2 Hemiplegic subjects

In the same manner as the investigation o f associations between symmetry and time 

variables during the different functional tasks for the healthy subjects, Pearson’s 

correlation coefficient was determined for the association between any two variables 

for the hemiplegic subjects. This process was carried out using all the results from 

control and practice group subjects from all weeks. The use of the combined data 

allowed the exploration of associations between functional activities in subjects with 

hemiplegia, regardless of treatment intervention or stage in rehabilitation. The 

Pearson’s r values for the associations between the different pairs o f values are 

provided in Table 17.3.
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Correlation
coefficient

sit std RTSon RTSoff RTStime SDoff SDon SDtime RSpeak RSafter RStime R Apeak RAafter RAtime
sit 1
std 0.38 1

RTSon 0.37 0.57 1
RTSoff 0.25 0.67 0.49 1

RTStime 0.13 0.23 0.32 0.29 1
SDoff 0.32 0.78 0.68 0.65 0.27 1
SDon 0.11 0.16 0.22 0.17 0.14 0.33 1

SDtime 0.06 0.06 0.03 0.06 0.09 0.19 0.08 1
RSpeak 0.18 0.18 0.34 0.33 0.46 0.29 0.31 0.08 1
RSafter 0.18 0.21 0.05 0.03 0.21 0.11 0.48 0.06 0.45 1
RStime 0.07 0.34 0.24 0.11 0.32 0.20 0.03 0.00 0.03 0.18 1
R Apeak 0.09 0.31 0.12 0.00 0.22 0.06 0.15 0.07 0.31 0.21 0.09 1
RAafter 0.38 0.00 0.27 0.14 0.40 0.11 0.52 0.05 0.51 0.61 0.19 0.11 1
RAtime 0.12 0.20 0.00 0.06 0.28 0.05 0.16 0.07 0.00 0.11 0.76 0.05 0.18 1

measured functions. Hemiplegic subjects. (Key to abbreviations in Appendix K).

The correlation coefficients for the association between the symmetry of weight 

distribution during stance and during the seat-off phase of sitting down and between 

the time taken to reach to the same and reach across to the opposite sides were greater 

than 0.70 (0.78 and 0.76 respectively). The significance levels of the gradient and 

constant o f the regression equations for the association between these variables are 

provided in Table 17.4. The significance level for the constant and gradient for both 

these regression equations were less than 0.05, meeting the defined criteria for an 

association of relevant strength. The regression lines for the association between 

these variables are displayed in Figure 17.1 and Figure 17.2.

Regression equation p (gradient) p (constant)
SDoff = (0.93*std) + 0.12 0.000 0.000

RAtime = (0.76*RStime) + 3.40 0.000 0.000

Table 17.4 Regression equation and significance levels for the gradient and 
constant in the equation for associations between outcome variables of different 
functions with Pearson’s r value > 0.70. Hemiplegic subjects. (Key to 
abbreviations in Appendix K).
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Figure 17.1 Association and regression line symmetry of weight distribution in 
standing against symmetry of weight distribution during seat-off phase of sitting 
down. Hemiplegic subjects.

•  «»

I

Figure 17.2 Association and regression line for time to reach to same side 
against time to reach across to the opposite side.

The data and graphs demonstrated that there was a positive association between the 

symmetry of weight distribution during stance and the symmetry of weight 

distribution during the seat-off phase for sitting down for subjects with hemiplegia. 

There was also a positive association between the time taken by subjects with 

hemiplegia to reach to the unaffected side and to reach across to the affected side.
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17.2 Functional ability score

In the previous chapters (chapters 11-16), the ability of the hemiplegic subjects was 

determined by comparing the ability of hemiplegic subjects with the “normal” range 

for each outcome variable, for each individual function. The “normal range” was 

defined as being between the 5* and 95* percentiles of the healthy subject data for 

that variable. The ability of the hemiplegic subjects was classified as “unable”, 

“abnormal” or “normal”. “Unable” was assigned to subjects unable to perform the 

specified task. “Abnormal” was assigned to subjects who were able to perform the 

task, but for whom the measured outcome variables for that task were with out the 

normal range of the healthy subjects. “Normal” was assigned to subjects who had 

outcome variables falling within the normal range of the healthy subjects. While this 

classification system was useful in the investigation of the ability of hemiplegic 

subjects to execute specific functions, this system was limited to the exploration of the 

ability of hemiplegic subjects to perform individual tasks. The hemiplegic subjects 

were demonstrated to have a lack of ability in a number of different functional tasks. 

To assess the total functional ability o f the hemiplegic subjects over the test weeks, 

the ability of each subject at each individual task was combined to give a total 

functional ability score (FAS).

The FAS was determined by assigning a score of 0 for unable, 1 for abnormal and 2 

for normal for each of the 14 outcome variables. The 14 outcome variables included 

the symmetry measures during sitting, standing, rising to stand, sitting down, reaching 

to the same side and reaching across to the opposite side, and the time measures for 

rising to stand, sitting down, reaching to the same side and reaching across to the 

opposite side. The FAS gave a maximum score of 28.

17.2.1 Control and practice groups

The median, interquartile range and range of the FAS for the control and practice 

group subjects are displayed graphically in Figure 17.3. The values of the medians 

and percentiles are provided in Table 17.5 and Table 17.6. The median FAS 

increased from week 0 to week 2 for both the control and practice groups. During the 

subsequent weeks (weeks 3-6) there was no observable trend in the data for either the 

control or practice group subjects, with the median values remaining fairly similar.
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During these weeks the median value for the control group was slightly higher than 

that for the practice group. At the baseline measure (week 0) the variation between 

subjects was very small; this was substantially greater during weeks 1-6, for both the 

control and practice groups. Although the median for the control group was slightly 

higher than that o f the practice group during weeks 3-6, the percentile values 

remained similar with a large area of overlap in the interquartile range and range for 

the two groups.

□  Control group 

■  Practice group

I

Figure 17.3 Medians, interquartile ranges and ranges of FAS for control and 
practice group subjects.

week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 10 13 18 17.5 20 18 19.5
25th percentile 9 9 10 13 12.5 11.5 11.5
75th percentile 11 21 22 19.25 22 20.75 20
interquartile range 2 12 12 6.25 9.5 9.25 8.5
5th percentile 8 8 8.6 8 9.7 9 9 .45
95th percentile 14.4 23 .3 22.4 21.5 23 22.35 21 .55
90% range 6.4 15.3 13.8 13.5 13.3 13.35 12.1

Table 17.5 Medians and percentiles for total FAS. Control group subjects.

week 0 week 1 week 2 week 3 week 4 week 5 week 6
median 9.5 12.5 18.5 16 17 17 17
25th percentile 9 8.75 13.75 10.5 12 13 13
75th percentile 11 19.25 20.5 18.5 18 20 21
interquartile range 2 10.5 6 .75 8 6 7 8
5th percentile 9 8 9.35 8.25 9.6 10.6 12.2
95th percentile 12.2 24 .3 22 19 20.4 20.8 21 .8
90% range 3.2 16.3 12.65 10.75 10.8 10.2 9.6

Table 17.6 Medians and percentiles for total FAS. Practice group subjects.
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17.2.2 Effect of discharge on functional ability score

As discussed in the earlier chapters, the number of subjects discharged over the test 

weeks could have potentially influenced the patterns and trends in the group results. 

One method that was used for investigating the possible effects o f discharge on the 

group results involved the exploration of the results of the subjects who were not 

discharged during the test period. The results o f the subjects who were not discharged 

during the test period were compared with the results of the subjects who were 

discharged home or discharged for other reasons during the test period. Figure 17.4 

illustrates the medians, interquartile ranges and ranges of the FAS for the control and 

practice group subjects who were not discharged during the test period. Table 17.7 

and Table 17.8 display the medians and interquartile ranges for the hemiplegic 

subjects according to discharge status.

Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 

discharged home 
discharged other

10.5 10.5 11.5 14.5 16.5 18 19.5
10.5 21 21 .5  19 23 18.5 
10 15.5 19 21

practice not discharged 
discharged home 
discharged other

9 9 15 15 17 17 17 
12 20 .5  21 19
10 23  22

Table 17.7 Median values of total FAS for control and practice groups according 
to discharge status.

Group Discharge status week 0 week 1 week 2 week 3 week 4 week 5 week 6
control not discharged 1.75 6 .75 11.25 8.75 8.75 10.5 8.5

discharged home 3.75 6 .75 3.25 2 1 3.25
discharged other 1 6.5 0 0

Practice not discharged 1 1 7 8 6 7 8
discharged home 1 4.5 1 0
discharged other 1 0 0

Table 17.8 Interquartile range values for total FAS for control and practice 
groups according to discharge status.
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□  Control group 

■ I  Practice group

Figure 17.4 Medians, interquartile ranges and ranges of FAS for control and 
practice group subjects who completed 7 test weeks.

The median values for the control and practice group subjects increased between test 

week 1 and test week 4, for subjects who were not discharged. The median values of 

the FAS remained low during test weeks 0 and 1, and also altered little during test 

weeks 4, 5 and 6. This contrasts with the whole group result where the median FAS 

increased between test weeks 0 and 2, and changed only slightly in the subsequent 

weeks. The values of the median FAS for the control and practice group subjects who 

were discharged home or discharged for other reasons provide a possible explanation 

for the difference between the whole group result (Table 17.5 and Table 17.6) and the 

results from the subjects who were not discharged (Table 17.7). The median values 

from the subjects who were discharged increased more rapidly than those from the 

subjects not discharged.

17.2.3 Effect of ability to achieve tasks on functional ability score

The FAS allocated a score of 0 to subjects who were unable to achieve a task. A 

number of subjects were unable to perform standing, rising to stand and sitting down 

on some of the test weeks. A subject’s ability to achieve stance, rising to stand and 

sitting down on each test week therefore had an influence on the FAS on each test 

week. Subsequently, a subject’s FAS could potentially have increased without a 

concurrent increase in the quality of the movement of a task.

Plotting the FAS against the proportion of subjects achieving a task would allow the 

relationship between these variables to be investigated and a regression equation
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determined. However, as data was only available for 7 test weeks, there were an 

insufficient number of data points to allow the use o f this methodology. Hence, to 

assess the influence of the subjects ability or inability to perform standing, rising to 

stand and sitting down, the pattern of change in the proportion of the control group 

and practice group subjects achieving these tasks was compared with pattern of 

change in the median FAS for each group on each of the test weeks. Figure 17.5 and 

Figure 17.6 illustrate the changes in the proportion of subjects achieving the tasks on 

each test week (plotted on the secondary y-axis) with the median FAS on each test 

week (plotted on the primary y-axis).
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Figure 17.5 Median FAS and percentage of subjects achieving standing, rising to 
stand and sitting down over the test weeks. Control group.
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Figure 17.6 Median FAS and percentage of subjects achieving standing, rising to 
stand and sitting down over the test weeks. Practice group.
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Figure 17.5 illustrates that the pattern of change of the median FAS for the control 

group over the test weeks was remarkably similar to the pattern of the changes in the 

proportion of control group subjects able to perform standing, rising to stand and 

sitting down over the test weeks. Figure 17.6 illustrates that the pattern of change of 

the median FAS for the practice group over the test weeks was remarkably similar to 

the pattern of changes in the proportion of practice group subjects able to perform 

rising to stand and sitting down. The pattern of changes in the proportion of practice 

group subjects able to stand was very similar to the pattern of changes in the median 

FAS for the practice group during test weeks 0-3. During test weeks 4-6 the 

proportion of practice group subjects able to perform standing changed while there 

was no change in the median FAS. However, during test weeks 4-6 the total number 

of subjects in the practice group was 5. This very low number of subjects meant that 

very small changes in the number of subjects able to perform standing resulted in a 

relatively large change in the proportion of subjects.

The strong similarity in the changes in the FAS and the changes in the proportion of 

subjects achieving standing, rising to stand and sitting down indicate that the FAS was 

directly influenced by the ability of the subjects to achieve these tasks. The changes 

in the proportion of subjects able to perform the different tasks appear to provide an 

explanation for the changes in the FAS.

17.2.4 Functional ability score and outcome

The baseline (week 0) total FAS had a small interquartile and 90% range for both 

control and practice group subjects. The median and percentiles for FAS of the 

control and practice group subjects during the initial measurement were similar. 

Improvement in ability over the test weeks was demonstrated by an increase in the 

FAS. The change in the FAS for the control and practice group subjects relative to 

the baseline score was used to determine outcome. A score which remained between 

the 5̂  ̂and 95* percentile of the combined control and practice group baseline (week 

0) measure was defined as a “fair” outcome. A “fair” outcome indicated that there 

had been no large improvement or deterioration in ability. A score falling below the 

5* percentile was defined as a “poor” outcome and a score above the 95* percentile 

was defined as a “good” outcome. Subjects with a “poor” outcome had a FAS that 

was lower than the 90% range of the baseline measure, and subjects with a “good”
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outcome had a FAS that was higher than the 90% range of the baseline measure. The 

5* percentile for the control and practice group subjects combined was 8.4; and the 

95* percentile was 13.7. Hence any score below 8.4 during the subsequent weeks 

was defined as a poor outcome; and any score above 13.7 was defined as a good 

outcome; and any score remaining within the 90% range from the baseline measure 

was defined a fair outcome. Table 17.9, Figure 17.7 and Figure 17.8 display the 

proportion of control and practice group subjects with poor, fair and good outcome for 

the FAS on each test week.

week 1 week 2 week 3 week 4 week 5 week 6
Control Poor 11% 6% 6% 0% 0% 0%

Fair 39% 35% 19% 40% 36% 40%
Good 50% 59% 75% 60% 64% 60%

practice Poor 25% 0% 17% 0% 0% 0%
Fair 25% 25% 17% 40% 40% 40%

Good 50% 75% 67% 60% 60% 60%
Table 17.9 Percentage of control and practice group subjects poor, fair and good 
outcome as compared to the baseline FAS over the test weeks.

Figure 17.7 
Proportion of 
control group 
subjects with poor, 
fair and good 
outcome on 
different test weeks.

Figure 17.8 
Proportion of 
practice group 
subjects with poor, 
fair and good 
outcome on 
different test weeks.
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The proportion of subjects with good outcome on each of the test weeks remained 

between 50% and 75% for both the control and practice group. The proportion with 

poor outcome was low, and remained as 0% for both groups during weeks 3 - 6 .  The 

outcome of both groups of subjects improved between week 0 and 1. The outcome of 

the control group subjects also improved during week 2. However during the 

subsequent test weeks there was no observable pattern or trend in the results, with 

little change in the proportion o f subjects with fair and good outcomes.

17.3 Functional ability and independent variabies

The functional ability score (FAS) depicted the total functional ability o f subjects, 

with reference to the symmetry and time variables during sitting, standing, rising to 

stand, sitting down, reaching to the same side and reaching across to the opposite side. 

The FAS was explored with reference to the subject group and to the test week. 

However, there were a number of independent variables that could potentially be 

associated with the FAS from the individual subjects.

17.3.1 Functional ability score and Barthel Index

In order to investigate the relationship between the FAS and the Barthel Index 

Spearman’s rho was calculated. The FAS and Barthel Index values from each subject 

on each test week were included in the testing. The inclusion o f subjects regardless of 

group and test weeks allowed the exploration of any association, regardless o f the 

type of treatment or stage in rehabilitation. Spearman’s rho indicated that there was a 

correlation of 0.519 (significance level 0.01). The relationship and regression line 

are displayed in Figure 17.9. This demonstrated that there was a positive association 

between the Barthel Index and the FAS. However, using the classification of strength 

o f association proposed by Currier (1990), the association between the FAS and 

Barthel Index was described as “poor”.
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Figure 17.9 FAS against Barthel Index. All hemiplegic subjects on all test 
weeks.

17.3.2 Functional ability score and side of hemiplegia

The effect o f the side of hemiplegia on the FAS was explored by examining the 

median and percentile values from the left and right hemiplegic subjects over the test 

weeks. Figure 17.10 illustrates the medians, interquartile ranges and ranges o f the 

FAS for the left and right hémiplégies subjects. Table 17.10 displays the values o f the 

medians and interquartile ranges of the left and right hemiplegic subjects.

i
t.... -I Left hémiplégies 

■ ■  Right hémiplégies

Figure 17.10 Medians, interquartile ranges and ranges of FAS for left and right 
hemiplegic subjects over the test weeks.
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Side of 
hemiplegia

week 0 week 1 week 2 week 3 week 4 week 5 week 6

median Left 10 10.5 17 15 13 17 17
Right 11 19 21.5 18 22 20 20

Interquartile Left 2 8.25 11 10 8.5 8.5 9
range Right 3 12.25 6.25 2 5 5.25 2

Table 17.11) Median and interquartile range for total FAS for hemiple
subjects according to side of hemiplegia.

Differences can be observed between the data from the left and the right hemiplegic 

subjects. The median value o f the left hemiplegic subjects changed little between 

week 0 and 1, and increased substantially between weeks 1 and 2. During weeks 2-6 

there was no apparent trend in the pattern of the results pertaining to the subjects with 

left hemiplegia. In contrast, although the median value for the right hémiplégies was 

close to that of the left hémiplégies during week 0, the median value for the right 

hémiplégies increased substantially between week 0 and 1. Following this increase in 

the median FAS there was little change during the subsequent weeks. The median 

FAS for the right hémiplégies was higher than that for the left hémiplégies during all 

test weeks. During test weeks 2 -  6 the interquartile range from the right hémiplégies 

was notable smaller than that o f the left hémiplégies; although the total range of 

values for the right hémiplégies remains similar to that o f the left hémiplégies.

Using the definitions of poor, fair and good outcome stated earlier (section 17.2.4), 

the outcome of the subjects with left and right hémiplégies was determined relative to 

the baseline FAS. The proportion of left and right hemiplegic subjects with poor, fair 

and good outcome are provided in Table 17.11, and are shown graphically in Figure 

17.11 and Figure 17.12.

week 1 week 2 week 3 week 4 week 5 week 6
left Poor 13% 7% 15% 0% 0% 0%

Fair 50% 40% 23% 55% 45% 45%
Good 38% 53% 62% 45% 55% 55%

right Poor 20% 0% 0% 0% 0% 0%
Fair 10% 20% 11% 22% 25% 25%

Good 70% 80% 89% 78% 75% 75%
Table 17.11 Percentage of left and right hémiplégies with poor, fair and good 
outcome as compared to the baseline FAS over the test weeks.
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Figure 17.11 
Proportion of left 
hemiplegic subjects 
with poor, fair and 
good outcome on 
different test weeks.

Figure 17.12 
Proportion of right 
hemiplegic subjects 
with poor, fair and 
good outcome on 
different test weeks.

The data and graphs pertaining to the outcome of subjects with left and right 

hemiplegia demonstrates that the proportion of right hemiplegic subjects with good 

outcome was greater than the proportion o f left hemiplegic subjects with good 

outcome on all test weeks. The pattern of the results over the test weeks was similar 

for the left and right hemiplegic subjects: for both the left and the right hemiplegic 

subjects the minimum proportion o f subjects with good outcome occurs in week 1, 

and the maximum in week 3.

17.3.3 Functional ability score and stroke classification

The effect of stroke classification on the FAS was explored by examining the medians 

and interquartile ranges o f groups o f subjects classified as TACI, PAC I, LACI, FOCI 

or PICH. The medians and interquartile ranges for subjects with different stroke 

classifications are shown in Table 17.12.
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Stroke
classification

week 0 week 1 week 2 week 3 week 4 week 5 week 6

median TACI 11 19.5 20 18 22 18 20
PACI 9 10.5 15 10 10 9.5 13
LACI 10 16 20 17.5 20 21 20
POCI 10 9 10 17 16.5 16.5 22
PICH 11 14 21 12 16.5 10 10

Interquartile TACI 1.5 9.75 4 2 1 2 5.5
range PACI 0.75 10.5 7.75 6 3.5 3.5 2

LACI 2 9 7 4.75 5.5 3.5 1.5
POCI 1 0 1 3 3.5 3.5 0
PICH 5 6.5 7.5 7 6.5 0 0

Table 17.12 Median values for total FAS for hemiplegic subjects according to 
stroke classification.

The low number o f subjects with some of these classifications (POCI, n=2; PICH, 

n=3) prohibited the graphic representation of the medians, interquartile ranges and 

ranges for each of the groups of subjects. However, it has been identified in the 

literature that the functional recovery of patients with a PACI, LACI or POCI may be 

similar, but that o f patients with a TACI may be substantially different (Smith and 

Baer, in press). Subsequently it was argued that it was appropriate to compare the 

functional ability of patients with classifications other than TACI with the functional 

ability o f patients classified as TACIs. Hence, the medians, interquartile ranges and 

ranges of subjects classified as PACI, LACI, POCI or PICH were combined and 

plotted, and compared with the medians, interquartile ranges and ranges of subjects 

classified as TACI, in Figure 17.13.

à i
I I Classification 

other than TACI

■ I TACIs

Figure 17.13 Medians, interquartile ranges and ranges of FAS for subjects 
classified as TACIs or with other classifications over the test weeks.
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The data and graphical display suggest that the scores were similar for subjects 

regardless of classification at week 0. However the FAS for the subjects classified as 

TACI appeared to increase earlier than the FAS for subjects with other classifications. 

The median value of the FAS for the TACI group was greater than the median value 

for the combined group during weeks 0 - 4 .  The data for subjects with different 

stroke classifications indicated that the FAS for TACIs increased faster and was 

higher than that of PACIs throughout the test weeks. Subjects classified as LACI, 

POCI of PICH exhibited median functional ability scores that reached a similar 

magnitude as those of the TACI group, although the POCI group did not achieve this 

level of FAS until week 6.

As in the exploration of the change in ability of subjects with left and right 

hemiplegia, the outcome of the subjects with different stroke classifications relative to 

the baseline FAS was determined. The definitions of poor, fair and good outcome 

previously provided were used. Figure 17.14 - Figure 17.18 and Table 17.13 display 

the proportion of subjects with different classifications, with poor, fair and good 

outcome over the test weeks.

week 1 week 2 week 3 week 4 week 5 week 6
TACI Poor 0% 0% 0% 0% 0% 0%

Fair 33% 20% 20% 20% 20% 33%
Good 67% 80% 80% 80% 80% 67%

PACI Poor 17% 0% 20% 0% 0% 0%
Fair 50% 50% 40% 75% 75% 75%

Good 33% 50% 40% 25% 25% 25%
LACI Poor 33% 0% 0% 0% 0% 0%

Fair 11% 22% 13% 29% 14% 17%
Good 56% 78% 88% 71% 86% 83%

POCI Poor 0% 0% 0% 0% 0% 0%
Fair 100% 100% 0% 50% 50% 0%

Good 0% 0% 100% 50% 50% 100%
PICH Poor 0% 33% 50% 0% 0% 0%

Fair 33% 0% 0% 50% 100% 100%
Good 67% 67% 50% 50% 0% 0%

Table 17.13 Percentage of hémiplégies with different stroke classifications with 
poor, fair and good outcome as compared to the baseline FAS over the test 
weeks.
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Figure 17.14 
Proportion of 
subjects classified as 
TACIs with poor, fair 
and good outcome on 
different test weeks.

Figure 17.15 
Proportion of 
subjects classified as 
PACIs with poor, fair 
and good outcome on 
different test weeks.

Figure 17.16 
Proportion of 
subjects classified as 
LACIs with poor, fair 
and good outcome on 
different test weeks.
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Figure 17.17 
Proportion of 
subjects classified as 
POCIs with poor, 
fair and good 
outcome on 
different test weeks.

week 1 week 2 week 3 week 4 week 5

week 2 week 3

Figure 17.18 
Proportion of 
subjects classified as 
PICHs with poor, 
fair and good 
outcome on 
different test weeks.

week 4 week 5 week

The proportion of subjects with TACIs with fair and good outcome over the test 

weeks remained relatively constant, with between 67% and 80% with good and 

between 20% and 33% with fair outcome on each test week. The proportion of 

subjects with PACIs with good outcome was less than that o f subjects with TACIs: 

between 25% and 50% of subjects with PACI had a good outcome on each test week. 

The proportion of subjects with LACIs with good outcome was only 56% on week 1, 

but was between 71% and 88% during weeks 2 - 6. This was similar to the 

proportion o f subjects with TACI with good outcome. The low number of subjects 

classified as POCI and PICH limit the ability to generalise from these results.
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18. Discussion: Measurements of functional ability

18.1 Introduction

Several important issues can be explored from the results obtained from this study. 

Data pertaining to symmetry and time variables during a number o f functional 

activities have been collected from healthy and hemiplegic subjects. The methods of 

analysis; the magnitude o f the variables recorded from the healthy and hemiplegic 

subjects; the changes in the data collected from the hemiplegic subjects over the study 

weeks; and the variations in the functional ability of subjects with different 

independent variables have been identified and discussed, for each of the different 

functional tasks, in the following sections (sectionl8.2 - 18.8).

Additionally, the following sections highlight differences that were found between the 

control group and practice group for each of the functional tasks. The differences 

between the control group and practice group have implications pertaining to the 

effectiveness o f the regime of independent practice. Although these implications are 

briefly referred to within the relevant sections of this chapter, the effectiveness of the 

regime of practice is expounded in more detail in the following chapter (chapter 19). 

Likewise, while implications of the results of this study for the assessment and 

treatment of patients with recently acquired stroke are briefly identified at pertinent 

points in this chapter, issues pertaining to the clinical implications of the study results 

are discussed more fully in chapter 20.

18.2 Sitting

There are few reports of measurements o f the symmetry of weight distribution in 

sitting available in the literature. It was hypothesised that this was due to the lack of 

suitable measurement equipment. The measurement system used in this study was 

accurate, precise and was suitable for the objective measurement of the symmetry of 

weight distribution in sitting.

18.2.1 Healthy subjects

This study demonstrated that healthy subjects had a highly symmetrical weight 

distribution in sitting. The variation between the healthy subjects was similar to the
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variation between repeated measures from individual subjects. This implies that the 

symmetry of weight distribution of healthy subjects varied randomly throughout the 

normal range. The normal range o f values for the healthy subjects was low: the 5^ 

percentile and 95^ percentiles of the healthy subject symmetry indices indicated that 

90% of the subjects distributed a maximum of approximately 55% (Sl=-0.10) and 

(81=0.06) of body weight to the right and left sides respectively. This indicates that 

the maximum weight distributed to one side in sitting by the healthy subjects was 

approximately 55%: the minimum weight distributed to one side during sitting was 

therefore 45%. The difference in weight distribution between the left and right sides 

was hence approximately 10%. Thus these results suggest that 90% of healthy 

subjects will randomly distribute between approximately 45% and 55% of body 

weight through the left and right sides.

Although no reports o f measures of weight distribution in sitting were found in the 

literature, instantaneous measures o f pressure distribution are reported (Drummond et 

al, 1982; Smith and Emans, 1992). Smith and Emans (1992) reported that the mean 

difference in pressure distribution between the left and right buttocks was 

7.1%±5.5%. This value indicates that approximately 95% of the subjects measured 

had a difference in pressure distribution between the buttocks of less than 18.1% 

(mean + 2 standard deviations). The results from this study found that 90% of the 

healthy subjects had a maximum difference in weight distribution between the sides 

o f approximately 10%. Therefore the measures of difference in pressure distribution 

reported by Smith and Emans (1992) were substantially greater than the 

measurements of weight distribution determined in this study. The reasons for the 

differences between the results of this study and the study by Smith and Emans (1992) 

are unknown. However, factors such as the sitting position, the measurement 

protocol, the reliability and validity of the equipment used; the use o f instantaneous 

measures rather than measures derived from a period of time; and the use of 

parametric rather than non-parametric statistics could potentially contribute to the 

differences in the results recorded.

No significant associations were found between the symmetry of weight distribution 

in sitting and any independent variables. The small but apparently random differences
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in weight distribution observed to exist between healthy subjects provide an 

explanation for the lack of association with independent variables. Similarly there 

were no associations between the symmetry of weight distribution in sitting and the 

symmetry of weight distribution in standing, rising to stand, sitting down, reaching to 

the same side, or reaching across to the opposite side. Again the small but apparently 

random differences in weight distribution in sitting preclude the existence o f any 

relationship between the symmetry of weight distribution in sitting and any other 

variables.

18.2.2 Hemiplegic subjects

This study provided the first known report of objective measures of the symmetry of 

weight distribution during sitting in subjects with recently acquired stroke. 

Measurements taken within 3 days of a subject with acute hemiplegia achieving the 

goal of 1 minute of sitting balance provided a valuable baseline pertaining to the 

sitting ability of subjects with recently acquired stroke. These measurements 

indicated that the weight distribution in sitting in acute stroke patients was, on 

average, symmetrical. The median value of the symmetry index for the hemiplegic 

subjects (Sl=-0.01) during this initial measurement was the same as the median 

symmetry index for the healthy subjects (Sl=-0.01). The 90% range for the 

hemiplegic subjects during the initial measure was 0.34. Assuming that on average 

the subjects had symmetrical weight distribution, this implies that 90% of the 

hemiplegic subjects had a difference in weight distribution of approximately 17% of 

body weight between the sides. This was substantially greater than the maximum 

difference of 10% in body weight between the sides for the healthy subjects.

Despite the lack of scientific evidence, it is commonly assumed that, following stroke, 

patients will have problems maintaining symmetrical alignment and weight 

distribution in sitting (Bobath, 1978, 1990; Davis, 1985, 1990; Carr and Shepherd, 

1989a, 1992; Ashbum, 1997). The results of this study confirm that subjects with 

acute hemiplegia do demonstrate greater asymmetry of weight distribution than 

healthy subjects. However, on average the hemiplegic subjects did demonstrate 

symmetrical weight bearing and there was no preference for increased weight 

distribution to either the unaffected or affected side. The assumption is often made 

that the lack of activity in the affected side will result in an overuse of the unaffected
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side (Bobath, 1978, 1990; Davis, 1985, 1990), and that this will result in an 

asymmetrical posture with increased weight through the unaffected side. The baseline 

measurement from acute stroke patients recorded in this study does not support this 

assumption.

The results of the measurements taken in weeks 1, 2 and 3 remained very similar to 

the baseline measurement for both the control group and practice group. In weeks 4, 5 

and 6 there was a very slight change in the results with the distribution shifting toward 

the unaffected side. During these weeks 90% of the control group subjects took a 

maximum weight of 53% (Sl=-0.06) through the affected side, and a maximum of 

61% (81=0.22) through the unaffected side. The practice group subjects took a 

maximum of 54% (Sl=-0.08) through the affected and 62% (81=0.24) through the 

unaffected side. This indicates that, despite active physiotherapy treatment aimed at 

improving sitting balance, during the 3 weeks following the attainment of independent 

sitting there was no change in the symmetry o f weight distribution during sitting for 

either the control or practice group subjects. During the initial 3 test weeks the 

hemiplegic subjects demonstrated weight distribution that was, on average, 

symmetrical but with greater variation than healthy subjects. Following these initial 3 

weeks, there was a slight indication that the weight distribution became asymmetrical, 

with an increase in the distribution of weight to the unaffected side, for both the 

control and practice group.

There may have been a difference in the symmetry of weight distribution during 

sitting between the practice group subjects who were and who were not discharged 

during the study period. The symmetry of weight distribution in sitting of the practice 

group subjects who were not discharged did not appear to change over the test weeks, 

while the symmetry of weight distribution in sitting of the practice group subjects 

who were discharged appeared to shift toward the affected side. This could 

potentially imply a predictive relationship between the symmetry of weight bearing in 

sitting and discharge status, and potentially a beneficial effect of the practice in some 

of the subjects. However, the low numbers of subjects prevents conclusions being 

drawn from these observations.
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Although firm conclusions cannot be drawn from the observation of the small changes 

in weight distribution, what is apparent from these results is the lack of any great 

change in the weight distribution of the patients. Despite 6 weeks of active 

physiotherapy treatment, which included techniques aimed at improving the 

symmetry of alignment and weight distribution during sitting, the symmetry of weight 

distribution in sitting demonstrated only minimal changes. This observation was 

confirmed by the proportion of subjects whose ability to achieve normal weight 

distribution in sitting changed over the weeks. Between the first and last 

measurement o f the symmetry of weight distribution in sitting the ability of over 70% 

o f the subjects did not change. This leads to the conclusion that the treatment given to 

the majority of patients aimed at improving the symmetry of weight distribution 

during sitting did not successfully meet these aims. This conclusion is supported by 

Nichols et al (1996) who reported that the symmetry of weight distribution of 12 

hemiplegic subjects did not change significantly during a period of in-patient 

rehabilitation.

The results pertaining to the symmetry of weight distribution in sitting by patients 

with recently acquired stroke derived from this study challenge several assumptions 

that are made in the literature. It is often assumed in the literature that subjects with 

stroke will demonstrate asymmetrical weight distribution and that, with physiotherapy 

intervention, the symmetry o f weight distribution will improve. This study found that 

following the achievement o f independent sitting balance many patients with acute 

stroke demonstrated weight distribution that was, on average, symmetrical with no 

strong preference for weight bearing on either the unaffected or affected side. The 

lack of preference for weight bearing on either the unaffected or affected side during 

the initial measurements of sitting suggests that asymmetry of weight distribution may 

not be a problem in the early stroke patient. No change was observed in the symmetry 

of weight distribution in sitting over a period of 6 weeks, during which physiotherapy 

was administered, for patients with recently acquired stroke. These results highlight 

the importance o f objective measurements o f human posture and movement, both for 

the determination of problems following stroke and for the assessment o f the 

effectiveness of treatment interventions. Further research is necessary to confirm 

these results, and to collect data from larger sample sizes.
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18.3 Standing

18.3.1 Healthy subjects

This study found that young healthy subjects had highly symmetrical weight 

distribution in stance. Examining the percentiles indicates that 90% of the young 

subjects distributed a maximum of approximately 56.5% (Sl=-0.13) and 54% 

(81=0.08) of weight through the right and left legs respectively. The percentile values 

imply that slightly more weight was taken through the right than through the left leg. 

The small discrepancy was due to the magnitude of the tails of the distribution curve 

being slightly greater to the right side than to the left side. In contrast, the elderly 

healthy subjects distributed slightly more weight to the left side than to the right, with 

a median weight distribution of 52% (81=0.04) on the left. Despite the apparent shift 

in the data, the maximum weight taken through one leg by 90% of the elderly subjects 

was approximately 57% (81=0.14). This was similar to the maximum weight taken 

through the right leg of 56.5% (81=-0.13) by the young subjects. This implies that the 

symmetry values for the elderly healthy subjects remained within the normal range, 

although the median value was shifted. It is proposed that the increased median 

weight distribution to the left leg demonstrated by the elderly subjects was due to 

chance, and occurred due to the relatively small sample size. It is surmised that these 

small shifts in the data would not occur if  the data collection was repeated, or if  a 

larger sample size was used.

Thus the maximum weight taken through one leg by 90% of the young healthy 

subjects was approximately 56.5%, and by 90% of the elderly healthy subjects was 

approximately 57%. The whole group data (young and elderly combined) suggested 

that 90% of the healthy subjects had differences of up to 13% (8I=-0.13) of body 

weight between the legs. This value was very similar to data provided in the 

literature: 8ackley and Lincoln (1991) reported that 95% of the 403 healthy subjects 

measured had differences in weight distribution between the legs of less than 12% of 

body weight.

A weak, although not significant, association was found between the age (R'"=0.146), 

and agc-group (R^=0.137), o f the healthy subjects and the symmetry of weight 

distribution. 8ackley and Lincoln (1991) did report, from a study with a larger sample
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size (n=403) that there was an association between the magnitude of the difference in 

weight distribution between the legs and age (R^=0.41). In contrast, Caldwell et al 

(1986) stated that there was no relationship between the difference in weight 

distribution between the legs and age, although the maximum difference in weight 

distribution for more elderly subjects was found to be greater than that for the young 

subjects. The ranges in the difference in weight distribution between the legs for the 

young and elderly subjects in this study were similar, and therefore did not indicate 

that there was an association between age and the difference in weight distribution 

between the legs during stance. However further research is necessary to confirm 

whether age is associated with the magnitude of the difference in weight distribution 

between the legs during stance.

The association observed in this study between age and symmetry of weight 

distribution during stance was not significant. Thus no significant associations 

existed between the symmetry of weight distribution in stance and the independent 

variables, or between the symmetry of weight distribution in stance and the symmetry 

of weight distribution during other functional activities. The variation between the 

mean symmetiy  ̂of weight distribution for the groups of healthy subjects was slightly 

greater (SI=0.19 and SI=0.21 for young and elderly groups respectively) than the 

variation between repeated measures of weight distribution from individual subjects 

(SI=0.07 and SI=0.10 for young and elderly groups respectively). Despite the slightly 

larger variation between subjects than within subjects, these results do suggest that, as 

in the case for the symmetry of sitting, the variations between subjects may occur 

randomly within a normal range. The lack of association between the symmetry of 

weight distribution in stance and other variables infers that the symmetry of weight 

distribution in stance occurs randomly within the identified normal range of weight 

distribution. The existence of a similarity between the variation of repeated tests and 

the group variation is supported by measures of the movement of the COP during 

quiet stance that are reported in the hterature (Black et al, 1982; Samson and Crowe, 

1996).

The maximum range of weight distribution during stance was slightly greater than the 

maximum range of weight distribution during sitting (13% difference between the 

legs in stance and 10% difference between the sides during sitting). Standing
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involves maintaining the centre of mass (COM) within a smaller base of support 

(BOS) than sitting. Standing therefore provides greater challenges to the ability to 

balance than sitting (Horak, 1987; Ekdahl et al, 1989; Riach and Starkes, 1993). The 

results of this study therefore indicate that subjects may be able to maintain greater 

symmetry of weight distribution during the maintenance of more balanced postures. 

If the ability to maintain symmetrical weight distribution is greater in postures 

involving a larger BOS, this suggests that weight distribution is related to the ability 

to balance. However, the differences in weight distribution during sitting and 

standing were very small (3% of body weight) and did not therefore appear to be 

directly related to the size of the BOS. The results of this study thus challenge 

whether the symmetry of weight distribution during the maintenance of a posture is 

directly related to balance control.

18.3.2 Hemiplegic subjects

The analysis of data pertaining to the symmetry of weight distribution in stance by the 

hemiplegic subjects was' limited due to the number of subjects who were unable to 

achieve independent stance. Very few subjects achieved a test of stance at week 0, but 

the numbers increased over the test weeks, with a maximum number of subjects 

achieving stance during test week 4. Despite the low numbers, the results revealed 

that the hemiplegic subjects who were able to stand demonstrated an increased 

preference for weight bearing through the unaffected leg on all test weeks. With the 

exception of the tendency for the median symmetry index to indicate increased weight 

bearing on the unaffected side, no patterns or trends in the data over the test weeks or 

between the control and practice group could be determined. The tendency for 

increased weight distribution to the unaffected side is supported by many studies 

reported in the hterature (Dickstein et al, 1984; Bohannon and Larkin, 1985; Caldwell 

et al, 1986; Dettmann et al, 1987; De Weerdt et al, 1989; Sackley, 1990, 1991; Wu et 

al, 1996).

Exploration of the data collected over the test weeks indicated that there was no 

remarkable change in the data over time. The number of subjects gaining the ability 

to stand independently increased rapidly over the first 3 weeks. This increase in the 

ability to stand accounted for the increase in the proportion of subjects able to stand 

with abnormal or normal weight distribution over these weeks. Approximately 30%
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of the control group and practice group subjects were initially unable to stand, but 

were able to stand with “abnormal” weight distribution at the final measurement; and 

approximately the same proportion were initially unable, but able with “normal” 

weight distribution at the final measurement. Despite the increase in the number of 

subjects able to stand independently over the test weeks, there was httle observable 

change in the proportion of patients able to stand with normal symmetry of weight 

distribution. The patients who achieved independent stance received active 

physiotherapy aimed at improving their ability to achieve a normal alignment and 

weight distribution in stance. Despite this active physiotherapy input little change in 

the symmetry of the weight distribution was observed in this subject group. This 

finding challenges the assumption that the symmetry of weight distribution in stance 

will improve with physiotherapy treatment for patients with acute hemiplegia.

A further point of note is the magnitude of the range of the symmetry of weight 

distribution between the hemiplegic subjects during stance. Over all the test weeks 

for all the hemiplegic subjects 90% of the subjects distributed a maximum of 

approximately 32% (SI=-0.32) more weight through their affected than through their 

unaffected leg. 90% of the subjects distributed a maximum of approximately 45% 

(81=0.45) more weight through the unaffected than through their affected leg. This 

implies that the maximum weight taken through the affected leg during stance was 

approximately 66% and the minimum through the unaffected leg was therefore 34%. 

Likewise, the maximum weight taken through the unaffected leg was approximately 

72.5% and the minimum through the affected leg hence 27.5%. Although these 

figures confirmed that greater asymmetry of weight bearing occurred ^^en more 

weight was taken through the unaffected leg than through the affected leg, the data 

also demonstrated that the asymmetry could occur in the opposite direction.

The maximum weight distributed on one leg by the healthy subjects was 

approximately 56.5%: less than the maximum of 66% distributed through the affected 

leg of hemiplegic subjects. This indicates that subjects with hemiplegia demonstrated 

increased weight bearing on the affected, as well as on the unaffected leg. Dettmaim 

et al (1987) found the mean body weight distributed to the affected leg by hemiplegic 

subjects to be 36.1±14.6%. This implies that 95% of the hemiplegic subjects
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distributed a maximum of 65.3% and a minimum of 6.9% of body weight on the 

affected side. While the values reported by Dettmann et al (1987) indicate a 

maximum distribution of weight to the affected side that was very similar in 

magnitude to the values found in this study, the minimum weight through the affected 

leg reported by Dettmann et al (1987) was less than that found in this study. 

However, these results indicated a similar trend in weight distribution to that found in 

this study: the difference in the lower magnitude can be attributed to variations in the 

profile of the subjects and the measurement protocol. Studies reporting the increased 

weight distribution recorded th rou^ the unaffected leg have often failed to highlight 

that the asymmetry of weight distribution in^ subjects with hemiplegia was not 

unidirectional. The existence of increased weight distribution on the affected leg 

during stance challenges assumptions relating to the overuse of the unaffected side of 

the body (Bobath, 1978, 1990; Davis, 1985, 1990). Further research is required to 

investigate the nature of asymmetry of weight distribution in stance, and vriiether 

there are any associations between factors relating to the stroke and outcome and the 

preferred side of weight bearing.

18.4 Rising to stand

18.4.1 Analysis of movement

The start and end of rising to stand were determined by calculating the point where 

the total vertical force varied from the quiet sitting or quiet standing vertical force by 

more th^n 2 standard deviations. Although this definition of the start and end of 

movement has not been used by previous authors, a similar methodology in which the 

start and end are related to variations in the momentum of body parts has been 

reported (Pai and Lee, 1994; Pai et al, 1994a). In order to calculate momentum data 

pertaining to mass and velocity is required. This study measured vertical force data 

only, thus preventing the use of definitions using kinematic data. The majority of 

studies that have recorded force data use subjective methods for determining the start 

and / or end of the movement. The use of subjective methods limits the accuracy and 

reproducibility of the results. Durward (1994) determined the start of movement as 

occurring at the point of seat-off, as this point could be determined objectively, using 

a seat-switch. However, Durward (1994) acknowledged that restricting the analysis 

of the rising to stand data to only the seat-off phase was a limitation of this study.
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Gioftsos and Grieve (1996) recorded force data only, and objectively identified the 

start and end of the movement by identifying when the total vertical force changed 

relative to the total vertical force during quiet sitting or quiet standing. Gioftsos and 

Grieve (1996) defined the start and end of the movement as occurring when the total 

vertical force changed by a specified percentage of body weight. The use of the 

stipulated percentage of body weight was not justified. Rather than using a change in 

percentage of the total vertical force, for which the validity of the specified magnitude 

remained unknown, it was more appropriate to identify when the total vertical force 

varied by plus or minus 2 standard deviations. The detennination of two standard 

deviations fi-om the mean can be justified statistically, and was related to the 

equations used with the kinematic data in other studies (Pai and Lee, 1994; Pai et al, 

1994a).

For the purpose of this study, rising to stand was divided into a seat-on and a seat-off 

phase. The division into these phases was simple and highly reproducible, as the 

point of seat-off could be easily and reliably determined fi’om the magnitude of the 

forces passing through the seat. The division of the movement of rising to stand into 

a seat-on and a seat-off phase is appropriate for a number of reasons. The seat-on 

phase and seat-off phase are distinguished by the difference in the magnitude of the 

BOS (Hanke et al, 1995). Balance has been identified to be directly related to the size 

of the BOS (Riach and Starkes, 1993) and, during rising to stand, to the size of the 

COM/BOS separation (Riley et al, 1991; Carr, 1992; Schultz et al, 1992). Division of 

the movement of rising to stand into a seat-on and seat-off phase therefore divided the 

movement relative to the degree of balance control required. Additionally, it has been 

identified that rising to stand involves a horizontal (forward flexion) and a vertical 

(extension) phase (Kelley et al, 1976; Pai and Rogers, 1990; Riley et al, 1990; 

Schenkman et al, 1990; Roebroeck et al, 1994; Hanke et al, 1995). Studies dividing 

rising to stand into horizontal and vertical phases have used a number of different and 

complex methodologies to identify the start and end of the phases. The point of seat- 

off has been demonstrated to occur during the transition fi’om the horizontal phase to 

the vertical phase (Pai and Rogers, 1990; Schenkman et al, 1990; Riley et al, 1991; 

Kerr et al, 1994b). Thus, the use of seat-off can broadly divide the movement into a 

horizontal (seat-on) and vertical (seat-oS) phase. Although, in this study seat-off was 

determined using measures of vertical force passing through the seat of the chair, it
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has been demonstrated that seat-off can be easily and accurately determined using a 

seat switch (Durward, 1994). The use of seat-off to divide the movement into phases 

is therefore a methodology that could easily be repeated in other clinical studies, 

regardless of the method of assessing rising to stand. Several other studies have used 

a force plate within the seat of the chair to objectively determine the point of seat-off 

(Pai and Rogers, 1990, 1991a,b; Pai and Lee, 1994; Pai et al, 1994; Hanke et al, 

1995). It was identified from the literature that standardised methods of determining 

the start and end of movement, and for dividing the movement into phases, are 

essential. It is proposed that the use of seat-off is an appropriate, rehable, and easily 

determined point and should be used by future studies in an attempt to create 

standardised methodologies.

18.4.2 Healthy subjects

The symmetry of weight distribution during the seat-on phase was similar for the 

young and elderly healthy subjects, in this study. The healthy subjects had highly 

symmetrical weight distribution, with 90% of the healthy subjects distributing a 

maximum of 54% (SI=-0.08) and 53% (SI=0.06) of weight to the right and left sides 

respectively. This implies that the maximum difference between the legs was less 

than 8% of body weight, which was slightly less than the maximum difference of 10% 

found for quiet sitting. This similarity suggests that subjects maintained highly 

symmetrical weight distribution both during the maintenance of a quiet sitting posture 

and during dynamic movement within the sitting posture. Although there are 

measures of symmetry of weight distribution during rising to stand reported in the 

literature, none of the studies found reported measurements during the seat-on phase, 

precluding the comparison of values from this study with values in the literature.

The weight distribution during the seat-off phase of rising to stand was also found to 

be highly symmetrical and similar for the young and elderly subjects. However, the 

variation in the weight distribution during the seat-off phase was greater than that of 

the weight distribution during the seat-on phase. While the maximum difference in 

weight distribution for 90% of the healthy subjects was approximately 8% during the 

seat-on phase, it was approximately 12% (5^ percentile, SI=-0.12; 95^ percentile, 

SI-0.12) during the seat-off phase. Thus, while approximately between 46% and 

54% of body weight was distributed to either side during the seat-on phase; this
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increased to approximately between 44% and 56% during the seat-off phase. The 

range of weight distribution determined during the seat-off phase of rising to stand 

was similar to that determined during quiet stance (43.5% to 56.5%). This implies 

that the weight distribution achieved during the maintenance of quiet stance was 

similar to that achieved during movement within a standing posture. This concurs 

with the conclusion that the weight distribution was similar in quiet sitting and during 

movement within a sitting posture.

The range of weight distribution determined during the seat-off phase, within which 

the symmetry of weight distribution of 90% of the healthy subjects fell (44%-56%), 

was slightly less than the range determined by the mean and standard deviations of the 

weight distribution during this phase of rising to stand reported by Durward (1994). 

Durward (1994) reported that the weight distribution during this phase of rising to 

stand for healthy subjects was 49.2%±4.5% implying that 95% of the sample had 

between 40.2% and 58.2% of body weight distributed to either side. There were no 

apparent reasons for the shghtly greater differences in the range of weight distribution 

found during the study by Durward (1994). However the differences are small, and 

the range reported by Durward included 95% of the sample as compared to the 90% 

reported in this study Tt is therefore proposed that the small differences in die normal 

range of weight distribution to either side found in these studies were random 

differences occurring as a result of the different statistical methods used and the 

smaller sample size used in this study. The relatively small magnitude of the 

asymmetry of weight distribution to either side during the seat-on and seat-off phases 

of rising to stand supports the frequently made assumption that weight distribution is 

symmetrical during rising to stand (Baer and Ashbum, 1995).

During the seat-on phase there is a large BOS and the COM remains within the BOS 

at all times. Thus, although movement was occurring in the seat-on phase and not 

during quiet sitting, the challenges to balance could be argued to be similar in both 

situations. The similarity in the challenges to balance during sitting and movement in 

sitting provide a potential explanation for the similarity in the difference in weight 

distribution during quiet sitting and during the seat-on phase of rising to stand found 

in this study.
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During quiet stance the COM remains close to the centre of the small BOS (Murray et 

al, 1975). In contrast, during the seat-off phase the COM has to be accelerated 

forward either from out of the BOS or from the limits of the BOS, and then 

decelerated to remain near the centre of the BOS, creating a greater challenge to 

balance (Riley et al, 1991; Carr, 1992; Shultz et al, 1992). The differences in the 

challenges to balance during standing and the seat-off phase of rising to stand lead to 

the prediction that weight distribution would be less symmetrical during the seat-off 

phase of rising to stand than during standing. However, the results of this study found 

little difference in the weight distribution between quiet stance and the seat-off phase 

of rising to stand. This lack of difference may be due to the degree of control exerted 

over balance and weight distribution during the seat-off phase of rising to stand. 

However, this study was limited to the investigation of the mean symmetry index 

during rising to stand. It would therefore have been possible that, although subjects 

demonstrated weight distribution which was, on average, symmetrical, the variation in 

the weight distribution over time during the seat-off phase of rising to stand may have 

been jgreater than the variation in weight distribution over time during quiet stance. 

Further exploration of the data is necessary to address these questions.

The time taken to rise to stand by the healthy subjects was approximately 2.3 seconds. 

The range in the time taken to rise to stand was relatively high, with 90% of the 

subjects taking between 1.68 and 3.06 seconds. This time was considerably greater 

than the 0.98 seconds reported by Durward (1994). However, the time reported by 

Durward (1994) was determined for the seat-off phase only, and was calculated using 

a subjective observation of the end of movement. The time taken to rise to stand 

determined in this study was also longer than the weighted time derived from the 

literature by Durward (1994) of 1.8 seconds, and longer than the values of 1.31+0.11 

seconds and 1.40+0.15 seconds reported by Mourey et al (1998). However, the large 

variations in the determination of the start and end of the movement used in different 

studies prevent any conclusions being drawn from these time differences. Despite the 

degree of variation in the time taken by the healthy subjects, it is proposed that the use 

of standardised and repeatable methods for determining the start and end of rising to
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stand will have produced results that are reproducible. The times reported in this 

study are hence presented as a valid reflection of the time taken to rise to stand.

No significant associations were determined between the symmetry or time variables 

recorded during rising to stand and either independent variables or symmetry or time 

variables firom other functions. For each of the reported variables the variation 

between the subjects was found to be similar to the variation between repeated 

measures, suggesting that the weight distribution and time taken during rising to stand 

varied randomly within the ranges of values provided. Random variation within the 

normal range of results for each of the healthy subjects provides an explanation for 

the lack of association with independent or dependent variables.

18.4.3 Hemiplegic subjects

As in the measurement of standing, analysis of the data relating to rising to stand was 

limited due to the number of subjects who were unable to rise to stand independently 

during the study period. The weight distribution of the practice group subjects was 

fairly symmetrical during the seat-on phase throughout the test weeks. The greatest 

median symmetry index on any of the test weeks for the practice group subjects 

(SI=G.06) indicated that the subjects distributed 53% of body weight to the unaffected 

side and 47% to the affected side. The percentile values also demonstrate that the 

weight distribution was approximately symmetrical. 90% of the practice group 

subjects distributed a maximum of 57.5% of weight to the affected side and minimum 

of 42.5% to the unaffected side (SI=-0.15); and a maximum of 57% to the unaffected 

side and a minimum of 43% to the affected side (SI=0.14) throughout the test period. 

This imphes that the practice group subjects had a maximum difference in weight 

distribution between the sides of approximately 15%, with the average weight 

distribution being symmetrical. While a maximum difference between the sides of 

15% indicates greater asymmetry than the healthy subjects, who demonstrated a 

maximum difference in weight distribution of approximately 8%, this value was 

comparable with the maximum difference in weight distribution during quiet sitting of 

approximately 17% by the stroke patients. The practice group subjects therefore 

demonstrated a similar pattern to the healthy subjects, with a maximum difference in 

weight bearing that was similar both during quiet sitting and during the seat-on phase
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of rising to stand. This similarity supports the suggestion that balance during the 

maintenance of a posture and during movement within that posture may be related.

In contrast to the practice group subjects, the control group demonstrated asymmetry 

of weight bearing during the seat-on phase, with increased weight distribution to the 

unaffected side during weeks 1-6. During these weeks the maximum weight taken 

through the affected side by 90% of the control group subjects was 55.5% (SI=-0.11), 

and the maximum weight taken through the unaffected side was 75.5% (SI=0.51). 

Thus, in comparison to the maximum difference between the sides of 15% by the 

practice group, the maximum difference between the sides was approximately 51% 

for the control group with a notable preference for weight bearing through the 

unaffected side. Despite these observable differences between the symmetry indices 

of the control group and practice group there were no significant difference between 

the ability of the two groups to achieve normal or abnormal weight distribution during 

this phase. It is suggested that the large variation between the difference in weight 

bearing between the sides was due to a small number of outliers within the control 

group. This suggestion was supported by the relatively large range and 90% range of 

the control group data during some test weeks.

Although the data for the symmetry of weight distribution during the seat-on phase 

did indicate an increased preference for weight bearing through the unaffected side by 

the control group, the magnitude of the differences between the control and practice 

group were small. Additionally there was a large overlap between the range of values 

for the control group and practice group. Thus the results of this study do not support 

the existence of a difference between the control and practice group in the symmetry 

of weight distribution during rising to stand. Although the control group tended to 

demonstrate increased weight bearing to the unaffected side, the degree of asymmetry 

was generally small. It was concluded that during the seat-on phase of rising to stand 

the hemiplegic subjects tended to demonstrate weight distribution that was, on 

average, symmetrical although there was a greater variation between the hemiplegic 

subjects than between the healthy subjects.

During the seat-off phase, the maximum weight distributed by 90% of the control 

group subjects on any of the test weeks through the affected leg was approximately
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59% (SI=-0.18), and through the unaffected leg was approximately 86% (81=0.72). 

The values for the practice group were similar, being 59% (SI=-0.18) and 87.5% 

(81=0.75) respectively. These values demonstrate that there was a preference for 

increased weight distribution through the unaffected leg during the seat-off phase by 

both the control and practice group subjects. This trend occurred throughout the test 

weeks, and there were no notable differences between the symmetry of weight 

distribution for the control and practice group subjects. The data indicate that the 

hemiplegic subjects did not tend to take much more than a normal proportion of 

weight through the affected leg (the healthy subjects took a maximum of 

approximately 56% of weight through one leg during this phase). In contrast, the 

maximum amount of weight that was distributed through the unaffected leg was 

substantially greater than the normal levels indicated by healthy subject data.

The differences between the weight borne through the affected and unaffected leg 

indicate that the hemiplegic subjects not only had an increased tendency to weight 

bear through their unaffected limb, but also had a tendency to distribute a 

substantially greater proportion of weight through the unaffected side. Durward 

(1994) reported that hemiplegic subjects distributed an average of 37.5% of body 

weight to the affected leg and 62.5% to the unaffected leg during what is equivalent to 

the seat-off phase of rising to stand. The median symmetry index determined in this 

study varied over the test weeks. During weeks 1-6, the greatest median value for the 

control group indicated that the control group subjects distributed 41.5% of body 

weight on the affected leg and 58.5% of body weight on the unaffected leg. For the 

practice group the greatest median value over test weeks 1-6 indicated that the 

practice group subjects distributed 36.5% of body weight to the affected side and 

63.5% of body weight to the unaffected side. The values determined in this study are 

supported by the values reported by Durward (1994), demonstrating a tendency for 

increased weight bearing on the unaffected side.

The weight distribution of the healthy subjects was similar during quiet sitting and 

during the seat-on phase of rising to stand, and was similar during quiet stance and 

during the seat-off phase of rising to stand. It has been demonstrated that for the 

practice group subjects the difference in weight distribution between the sides was 

similar during quiet sitting and during the seat-on phase of rising to stand. However,
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this pattern did not occur between quiet sitting and the seat-on phase for the control 

group, or between quiet standing and the seat-off phase for the practice or control 

group. This difference in symmetry of weight distribution between quiet postures and 

movement within postures indicates that, while the control group subjects could 

maintain relatively symmetrical weight distribution during quiet sitting, this symmetty 

could not be maintained during movement within the seated posture. The difference 

between the symmetry during these functions leads to the suggestion that, while the 

control group subjects could maintain a posture, their control over the COM within 

the BOS during active movement was impaired. For both the control and practice 

group subjects the degree of asymmetry toward the unaffected side was greater during 

the seat-off phase of rising to stand than during quiet stance. It can be proposed that 

this difference was due to impairments in the ability to control the COM during the 

dynamic movement of the seat-off phase of rising to stand: a movement providing 

many challenges to balance. This refutes the proposal arising from the healthy subject 

data stating that balance was similar during the maintenance of a posture and during 

movement within a posture. Alternatively it can be suggested that the difference 

between the healthy and hemiplegic subjects was directly related to a lack of control 

in the affected leg of hemiplegic subjects, resulting in the necessity to use greater 

musdc force with the unaffected leg, and thus the measurement of greater vertical 

force through the unaffected leg. The small sample size in this study limits the 

ability to generalise from these results.

The ability of only 1 subject in each of the control and practice group to achieve rising 

to stand during test week 0 prevented analysis of the baseline measurement of the 

time taken to rise to stand. The median time taken to rise to stand by the control 

group varied from 3.98 to 5.31 seconds between weeks 1 and 6. For the practice 

group the median time taken was between 3.92 and 6.76 seconds for test weeks 1-5. 

The range of time taken was large, with 90% of the control group subjects taking 

between 2.11 seconds and 10.33 seconds, and 90% of the practice group subjects 

taking between 1.67 and 10.04 seconds during these test weeks. The median value 

during week 6 for the practice group was considerably larger than the median values 

in previous weeks, or for the control group subjects. The low number of subjects 

achieving rising to stand during this test week may have produced what appears to be 

an anomalous result.
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There was little observable pattern in the times taken by control and practice group 

subjects over the test weeks. However, exploration of the times taken by subjects 

completing 4 or more test weeks and exploration of the times at each subjects’ first 

and final measurement did indicate that the time taken to rise to stand decreased over 

the test period. The finding of differences between the times taken as derived from 

the whole group data, and those derived taking the effect of discharge into account 

emphasises the care which must be taken in interpreting this data in light of the effects 

of the discharged subjects. The suggestion that the time taken to rise to stand 

decreased over time was supported by the work of Durward (1994), which reported 

that this time decreased significantly (p<0.05) over a period during vsdiich 

rehabilitation was given.

Comparison of the time recorded in this study with values reported in the literature 

was hindered by the lack of standardisation of the start and end of the movement 

recorded. The times reported by Durward (1994) referred to only the time for the 

seat-off phase. As would be predicted, the times reported by Durward (1994) were 

lower than those determined in this study; with a mean value of 3.49±1.63s found for 

the first measurement. However, the differences in the definition of the movement of 

rising to stand and in the patient groups tested prevent further comparison of these 

results.

Assessing the ability of the hemiplegic subjects relative to the healthy subjects over 

the different test weeks and the changes between the initial and final test weeks 

highlighted a number of general features. While the majority of the hemiplegic 

subjects were unable to perform rising to stand during week 0, a relatively large 

proportion of the subjects gained this ability during the ensuing 6 weeks. However, 

the majority of both control and practice group subjects who achieved rising to stand 

demonstrated outcome variables that remained with out the healthy subject range 

throughout the test period. Although the number of subjects able to rise to stand 

increased during the 6 weeks of treatment, the ability of the subjects to have weight 

distribution and time variables in the normal range did not increase. The majority of 

the hemiplegic subjects who were able to rise to stand demonstrated abnormal weight
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distribution during the seat-on and seat-off phases and abnormal time to rise to stand. 

For the symmetry and time variables, for both the control and practice group, the 

maximum proportion of subjects with variables within the normal range was 40%, 

Miile the maximum proportion with variables with out the normal range was 80%, on 

any of the test weeks. The pattern of greater proportions of subjects demonstrating 

abnormal symmetry and time variables remained throughout the test weeks. The lack 

of change in the ability of hemiplegic subjects over the 6-week period was highlighted 

by these results. This lack of change challenges the assumption that subjects with 

hemiplegia can regain normal patterns of movement, and questions the ability of 

physiotherapy to promote normal patterns of rising to stand.

18.5 Sitting down

18.5.1 Analysis of movement

This was the first known report of a study using force data that explored both rising to 

stand and sitting down, and used comparable objective definitions for determining the 

start and end of movement and for division of the movement into phases during sitting 

down and during rising to stand. The need for investigation of sitting down, and for 

the use of standardised, clearly defined, methods for determining the start and end of 

the movement was emphasised by the literature. It is proposed that the definitions of 

the start and end of movement used in this study are valid and rehable and would 

allow easy reproduction in future studies. The use of the same methodology to 

determine the start and end of both rising to stand and sitting down was advantageous 

as it allowed valid comparison between the seat-on and seat-off phases of the two 

movements.

18.5.2 Healthy subjects

On average, the healthy subjects had symmetrical weight distribution during the seat- 

off and seat-on phases of sitting down. During the seat-off phase 90% of the healthy 

subjects distributed a maximum of 56% (SI=-0.12) and 57% (SI=0.14) of body weight 

to the right and left sides respectively. Utis imphes tiiat 90% of the healthy subjects 

had a difference of less than 14% between the sides during the seat-off phase. During 

the seat-on phase 90% of the healthy subjects distributed a maximum of 55% (5* 

percentile, SI=-0.10; 95* percentile, SI=0.10) of body weight to either side; a
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difference of less than 10% between the sides. The weight distribution during the 

seat-off phase of sitting down and rising to stand was very similar, with 90% of the 

healthy subjects distributing between 44% and 56% to either side during rising to 

stand and between 43% and 57% during sitting down. The weight distribution during 

the seat-on phases of sitting down and rising to stand were also very similar, with 

90% of the healthy subjects distributing between 46% and 54% and between 45% and 

55% body weight to either side during the seat-on phases of rising to stand and sitting 

down respectively.

The results from the seat-off phase of sitting down can be compared with the mean 

weight distribution of 48.7±4.1% reported for the descending phase by Durward

(1994). This imphes that 95% of the 120 healthy subjects tested had between 40.5% 

and 56.9% of body weight through one leg during the seat-off phase. This was a 

similar range to the 43% to 57%, which included 90% of the healthy subjects in this 

study.

The difference in weight distribution between the sides during the seat-off phase of 

sitting down and during quiet stance was similar, with 90% of healthy subjects having 

differences of up to 13% between the legs during stance, and up to 14% during the 

seat-off phase of sitting down. This similarity concurs with the similarity between 

the results for stance and for the seat-off phase of rising to stand. The differences 

between the weight distribution during quiet sitting and the weight distribution during 

the seat-on phases of rising to stand and sitting down were also similar. The 

similarity between the symmetry of weight distribution during maintenance of a 

posture and during movement within that posture challenges the assumption that 

asymmetry of weight distribution will be greater during activities providing greater 

challenges to balance. However, as has previously been discussed, the ability to draw 

conclusions from this study relating to the stability of a posture or movement was 

limited due to the use of the mean symmetry values.

The average time taken to sit down was approximately 2.9 seconds, with 90% of the 

healthy subjects taking between 2.2 and 3.6 seconds. This was slightly longer than 

the 2.0410.4 seconds recorded by Durward (1994); relatively similar to the 2.5
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seconds reported by Engardt and Olsson (1992), and substantially longer than the 

values (1.40±0.15s and 1.6910.31 s) reported by Mourey etal (1998). The longer time 

taken by subjects in this study as compared to the study by Durward (1994) was as 

expected, as Durward (1994) defined the end of movement as occurring at seat-on 

while in this study recording continued until movement (as determined by changes in 

vertical forces) had ceased. The similarity of the time reported by Engardt and Olsson 

(1992) supported the time determined in this study, while the times reported by 

Mourey et al (1998) were less than any other values found in the literature. The 

reason for the methodology adopted for determining the start and end of movement by 

Mourey et al (1998) was not explained and may not, therefore, be a valid 

representation of the start and end of the movement.

Although the magnitude of the difference between the times taken to rise to stand and 

sit down recorded in this study was not as large as that reported by Durward (1994), 

in both studies the time taken to sit down was longer than the time taken to rise to 

stand. It could be predicted that, as sitting down involves the movement fi’om a small 

BOS to a relatively large BOS, less control is required over the movement of the 

COM during sitting down than during rising to stand. However the greater length of 

time taken to sit down implied that active control was exerted over the movement of 

the COM during this movement. It could be argued that the longer time taken to sit 

down is indicative of the degree of postural control exerted over the movement of the 

COM during the descent.

A significant relationship was found between the dominant hand of the healthy 

subjects and the symmetry of weight distribution during the seat-on phase. It could be 

proposed that this relationship was due to the use of the arm rests during sitting down, 

or due to the subjects turning around in one direction to observe the chair before 

sitting down. The regression equation indicated that left-handed subjects distributed 

more weight to the left side (symmetry index more positive), supporting the 

suggestion that subjects tend to place more force through the arm rest on their 

dominant side. There was no evidence found in the literature pertaining to the 

distribution of forces during turning around to look behind. There were a number of 

factors that limited the ability to generalise fi*om these results. A key factor was the
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inequality in the distribution of subjects with left and right dominance; with 92% of 

the healthy subjects having a dominant right hand. A further limitation was that the 

symmetry variable was the mean value from throughout the seat-on phase of sitting 

down. Durward (1994) found that the distribution on body weight through the 

armrests was only approximately 1.5% of body weight during sitting down. With 

such small magnitudes of force it is unlikely that the use of the armrest by the 

dominant hand could have substantially influenced the mean symmetry result. It is 

proposed that the association between hand dominance and the symmetry of weight 

distribution during the seat-on phase was anomalous, and possibly related to the low 

number of subjects with dominant left hands. Further research is required to confirm 

or refute this association. No significant associations were found between the 

symmetry and time variables and the other independent variables or the variables 

relating to other functions. As previously, it was proposed that the explanation for the 

lack of association was related to random variation between and within subjects.

18.5.3 Hemiplegic subjects

During the seat-off phase of sitting down the maximum weights distributed to the 

affected and unaffected sides, respectively, were 51.5% (SI=-0.03) and 81.5% 

(81=0.63) of body weight for 90% of the control group subjects, on any of the test 

weeks. For 90% of the practice group subjects, the maximum weight distributed to 

the affected and unaffected sides were 56.5% (SI=-0.13) and 74.5% (81=0.49) 

respectively on any of the test weeks. These figures clearly demonstrate the 

preference for weight bearing through the unaffected side by both the control and 

practice group subjects throughout the test weeks. Although the median value for the 

symmetry of weight distribution during the seat-off phase was less for the practice 

group during week 6, the percentile values still demonstrated a shift in the results 

toward the unaffected side. The anomaly of the lower median and 25^ percentile was 

likely to be related to the low number of subjects in the practice group measured 

performing sitting down during week 6. Thus there were no apparent patterns in the 

weight distribution during the seat-off phase, or differences between the control and 

practice group. The degree of asymmetry of weight distribution toward the unaffected 

side was similar during this phase to that during the seat-off phase of rising to stand. 

There were also similarities between the symmetry during the seat-off phases of rising 

to stand and sitting down for the healthy subjects. The similarities between these
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phases for both the healthy and the hemiplegic subjects suggest that the affinity 

between these functions result in similar challenges to postural control.

A significant positive relationship was found between the symmetry of weight 

distribution during quiet stance and the symmetry of weight distribution during the 

seat-off phase of sitting down (R^=0.178, p<0.05). The association between these 

variables indicated that subjects distributing more weight to the unaffected side during 

stance would also distribute more weight to the unaffected side during the seat-off 

phase of sitting down. The relationship between these variables demonstrated that, 

unlike the healthy subjects whose symmetry of weight distribution during different 

functions occurred randomly, for the hemiplegic subjects a preference for directional 

weight distribution during stance corresponded with a preference for directional 

weight distribution during the seat-off phase of sitting down. The symmetry of 

weight distribution of the hemiplegic subjects did not, therefore, appear to occur 

randomly. If the symmetry of weight distribution did occur randomly, this would 

support the argument that the asymmetry of weight distribution was related to a global 

impairment in the abihty to control the COM within the BOS. However, the distinct 

and repetitive preference for weight bearing through the unaffected limb leads to the 

argument that the asymmetry of weight distribution was related to the motor control 

over the affected limb during stance and during movement in stance. An increase in 

muscular activity by the unaffected limb could result in a related increase in vertical 

force through the unaffected limb during posture and movement. These suggestions 

have implications that are central to the rehabilitation of patients with stroke. Further 

research is necessary to investigate the apparent preference for weight bearing through 

the unaffected limb in subjects with hemiplegia.

Durward (1994) measured a mean distribution of weight on the affected leg for 

subjects with hemiplegia of 38.4±13.4% during the seat-off phase, implying that 95% 

of the subjects tested distributed between 11.6% and 65.2% of body weight to the 

affected side. This data was comparable with the data recorded in this study which 

showed a distribution to the affected side of between 18.5% (maximum on unaffected 

= 81.5%) and 51.5% for 90% of the control group and between 25.5% (maximum on 

unaffected = 74.5%) and 56.5% for 90% of the practice group. Durward's slightly
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greater range of values corresponds to 95% of the subjects, rather than to 90% as in 

this study, and may be further explained by differences in subject samples and testing 

protocols between the studies.

During the seat-on phase for 90% of the control group subjects, the maximum weight 

distributed to the affected and unaffected sides were approximately 64.5% (SI=-0.29) 

and 74.5% (SI=0.49) respectively during any of the test weeks. These values identify 

that there was a slight preference for increased weight bearing to the unaffected side; 

the results demonstrate that this preference was more apparent during test weeks 3-6. 

However, with the exception of the slight preference for increased weight distribution 

to the unaffected side, no remarkable trends can be observed in the distribution of 

weight between the sides during the seat-on phase for the control group.

The pattern of results from the seat-on phase for the practice group subjects can be 

observed to be different from that of the control group subjects. During test weeks 1- 

3 the range in the distribution of weight of the practice group subjects was less than 

that of the control group subjects, although the slight preference for increased weight 

distribution to the unaffected side was apparent. During weeks 1-3 90% of the 

practice group subjects had a maximum of 58% (SI = -0.16) of weight distributed to 

the affected side and a maximum of 66.5% (SI = 0.33) of weight distributed to the 

unaffected side. In contrast, during weeks 4-5, the pattern reversed with 90% of the 

practice group subjects demonstrating a maximum of 62.5% (SI = -0.25) of weight 

distributed to the affected side and a maximum of 52% (SI = 0.04) distributed to the 

unaffected side. This tendency for increased weight bearing to the affected side by the 

practice group subjects during weeks 4 and 5 did not relate to an overall pattern or 

trend in the results of the practice group. The low number of subjects in the practice 

group limits the ability to draw firm conclusions from these results. Although these 

differences occurred, there were no significant differences in the abihty of the control 

and practice group to achieve normal weight distribution during this phase. It is 

suggested that the differences between the control and practice group were 

anomalous, and would not be reproducible in further studies. Further studies are 

required to confirm this.
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The time taken to sit down by both the control and practice group subjects was very 

similar throughout the test period with no trend or pattern over the test weeks. The 

median time taken by the control and practice subjects varied from 2.82 to 4.33 

seconds over the test weeks. The variation in the time taken by the hemiplegic 

subjects to sit down was substantially less than the variation in the time taken by the 

hemiplegic subjects to rise to stand. 90% of the hemiplegic subjects took between 

1.76 and 6.69 seconds to sit down  ̂in comparison to times of over 10 seconds during 

rising to stand. Durward (1994) reported lower times to sit down, of 1.69 -  5.69s, for 

95% of subjects. However the times reported by Durward were for the seat-off phase 

of sitting down only.

As in the case for rising to stand, the data pertaining to the ability of the hemiplegic 

subjects during the test weeks pro\ided valuable information relating to changes in 

the ability of the subjects over time. None of the hemiplegic subjects was able to 

perform sitting down during the initial measurement, which highlights the degree of 

impairment in acute hemiplegic subjects. The subjects who achieve the ability to sit 

down independently tended to have greater asymmetry of weight distribution than 

healthy subjects did, during both the seat-off and seat-on phases, and tended to take 

longer to perform the function. Approximately 30% of the subjects remained unable 

to sit down independently throughout the study period. Approximately 50-60% had 

weight distribution during the seat-off phase and time taken to sit down with out the 

normal range; and approximately 30-40% had weight distribution during the seat-on 

phase with out the normal range.

Both the impairment of the hemiplegic subjects and the failure of the ability of these 

subjects to improve with active treatment were highlighted by the results of this study. 

The lack of difference in the subjects over the test weeks, and the high proportion of 

subjects with “abnormal" outcome variables during their final test week challenged 

whether these subjects were able to regain the ability to perform sitting down with 

normal symmetry and time variables and whether the physiotherapy treatment was 

adequately addressing this impairment.
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18.6 Reaching to the same side

18.6.1 Analysis of movement

No studies were found in the literature that assessed weight transference under both 

the seat and the feet during lateral reaching from sitting. The lack of studies 

pertaining to measures of symmetry during lateral reaching precluded the 

identification of methods of data analysis from the literature, and prevented the 

comparison of the results from this study with the results from other studies.

The assessment of the symmetry of weight distribution during reaching was argued to 

be fundamentally different from the assessment of the symmetry of weight 

distribution in sitting, standing, rising to stand or sitting down. Sitting, standing, 

rising to stand and sitting down were all classed as “symmetrical” tasks, with the left 

and right sides of the body having identical functions. In each of these tasks it is 

generally assumed that healthy subjects will execute the function with symmetrical 

movement and weight distribution. The results of this study confirmed that healthy 

subjects had symmetry weight distribution during these “symmetrical” tasks. In 

contrast to the “symmetrical” tasks, the goal of reaching to the side was to achieve 

maximum weight transference on to one side. Thus, reaching to the side actively 

encouraged asymmetry of movement and weight distribution. Although there were 

fundamental differences between the goals of the “symmetrical” tasks and the 

reaching (“asymmetrical”) tasks, the symmetry index remained appropriate for both 

these types of functional tasks. The symmetry index provided a continuous scale, 

capable of identifying the degree of asymmetry achieved during a movement.

In order to identify appropriate measures of outcome, for the analysis of reaching to 

the same side, the pattern of the symmetry index during the movement was initially 

explored. The pattern of the symmetry index during reaching to the same side was 

found to be consistent between the healthy subjects and involved a smooth 

transference of weight over to the side being reached to, followed by a return to quiet 

resting symmetry index. The magnitude of the maximum asymmetry (peak symmetry 

index) was investigated; it was argued that this value provided a quantifiable measure 

of a subject's ability to transfer weight to that side. In addition, the symmetry of 

weight distribution following the weight transference was investigated (mean
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symmetry index during sitting after reaching). It was anticipated that following a 

movement which encouraged asymmetrical weight distribution, a subject would 

return to sit with symmetrical weight distribution following the movement. The time 

taken to complete the movement was also determined, to allow the investigation of 

the association of the time taken to reach with other variables.

An additional feature that can be observed from the graphs of the SI during reaching 

to the same side, is the apparent tendency for the SI to initially have a small change in 

the direction opposite to the direction being reached to. At the end of the movement 

the SI can again be observed to move past the point of symmetrical weight 

distribution in the direction opposite to the direction reached to. This observation is 

supported by reports in the literature that the acceleration of the arm at the beginnmg 

of a reaching movement is associated with a movement of the trunk in the opposite 

direction (Moore and Brunt, 1991; Moore et al, 1992). It has been proposed that this 

occurs as an equal and opposite aim to shoulder force following the arm acceleration 

(Moore and Brunt, 1991, Moore et al, 1992). However whether this occurs as a 

reaction or as an anticipatory postural adjustment remains unknown. Further research 

is required to explore the pattern of the change in the SI in the direction opposite to 

the reach at the beginning and end of the movement cycle.

In order to determine the time taken to reach, accurate calculation of the start and end 

of movement was required. Since reports of measures of reaching to the same side 

were not found in the literature, it was important to define methods of determining the 

start and end of the movement, and of calculating the desired outcome variables, 

which were accurate, reliable and repeatable in future studies. Reports of anticipatory 

postural adjustments prior to reaching (Friedli et al, 1984, 1988; Horak et al, 1984; 

Bouisset and Zattara, 1987) emphasise the need for objective measures of the start of 

movement, as subjective methods such as using the time of the command to move 

could provide erroneous results. Methods similar to those used to define the start and 

end of rising to stand and sitting down were adopted, as the use of changes in output 

relative to the mean and standard deviation were accepted statistical methods. 

However, while the start and end of rising to stand was determined through 

identification of change in the total vertical force, there was no evidence to suggest 

that the total vertical force would vary during reaching. The nature of reaching
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resulted in a change in the symmetry index: the changes in the symmetry index 

relative to the resting symmetry index were therefore used to define and derive the 

start and end of the movement of reaching to the same side. The high degree of 

similarity between the curves obtained >^en the data fi’om each healthy subject was 

converted to exclude the influence of differences in time and velocity (by determining 

100 data points for the x-axis fi'om the range of data) and plotted on the same graph 

(Figure 14.4) confirmed the validity of the definitions used to determine the start and 

end of movement.

Further research into the analysis of weight transference during reaching is indicated, 

in order to confirm the observations made in this study and to verify the validity of the 

methodology for identifying the start and end uf the movement. However, it is 

proposed that the methods adopted in this study provided an accurate, valid and 

reproducible methodology for quantifying the asymmetry of weight distribution 

achieved during reaching to the same side and the symmetry of weight distribution 

returned to following reaching to the same side.

18.6.2 Healthy subjects

The median peak symmetry index for the healthy subjects was approximately 0.85. 

This imphed that the healthy subjects achieved a difference in weight distribution of 

up to 85%. This equated to approximately 92.5% of body weight being distributed 

through the side that was being reached to. There was relatively little variation in the 

maximum amount of weight that was distributed through the side reached to. 90% of 

the healthy subjects had peak symmetry indices of between approximately 0.70 and 

0.94. This equated to peak weight distribution through the side reached to of between 

85% and 97% of body weight. These values constitute the first reported 

measurements of the maximum amount of weight transference that can be achieved 

during lateral reaching from a sitting position. The measurements of the asymmetry 

of weight distribution achieved demonstrated that healthy subjects had the ability to 

control the position of the COM within the BOS during the transfer of an extremely 

large proportion of body weight on to one side of the body.

The distribution of the symmetry mdex during quiet sitting following reaching to the 

same side was not normal, with more weight distributed through the side reached to
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than through the opposite side. Although the median value showed that the weight 

distribution was fairly symmetrical, with 51.5% (SI=0.03) of body weight distributed 

to the side reached to, the increased tendency to weight bear on the side reached to 

was confirmed by the interquartile range, vààch did not include symmetrical 

distribution (25^ percentile, SI=0.00; 75^ percentile, SI=0.07). This indicated that the 

50% of the subjects with symmetry indices within the central part of the distribution 

curve all distributed more weight on to the side reached to than the opposite side 

during sitting after reaching to the same side. The maximum weight distribution on 

the side reached to for 90% of the healthy subjects was approximately 57% (SI=0.14), 

while the maximum weight distribution on the side opposite that reached to was 54% 

(SI=-0.08). Thus, although the interquartile range indicated a shift in the data, the 

maximum weight distributed to either side by 90% of the healthy subjects was 

remarkably similar. It is therefore possible that the observed shift was due to random 

occurrence and the small sample size. If, however, healthy subjects did maintain 

increased weight bearing on the side reached to, following reaching to the same side, 

this would lead to the suggestion that a subject’s symmetry of weight distribution 

could be directly influenced by active lateral weight transference. Such a suggestion 

would have implications for the treatment of patients, and would challenge the 

assumption that healthy subjects tended to return to symmetrical posture and weight 

distribution following movement. It is consequently important that further research is 

carried out to demonstrate whether the noted shift in the results is repeatable.

90% of the yoimg healtiiy subjects took between approximately 5.4 and 8.8 seconds to 

complete reaching to the same side, and 90% of the elderly subjects took between 

approximately 5.6 and 11.5 seconds to complete the movement. As can be seen from 

these figures, the lower end of the range of time taken was similar for the young and 

elderly subjects, wfrile the upper end was different, with elderly subjects taking longer 

than young subjects to complete the movement. The difference in the upper time limit 

suggests that the distribution curve of the time variables for either the young or 

elderly subjects, or both, was not normal. Observation of the distribution curves 

confirmed that there were distinct differences between the curves for the young and 

elderly subjects, with neither of the curves exhibiting normal distribution. Statistical 

tests further confirmed the differences in the time taken by the young and elderly 

subjects, which showed significant positive association between age and time taken to
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reach to the same side. Since there were no further associations with independent 

variables, such as height or mass, it was concluded that the differences observed 

between the time taken by subjects of different age groups was directly related to age 

and not to a secondary factor.

A number of different arguments can be posed to explain the longer time taken by 

elderly subjects to reach to the same side. It could be conjectured that elderly subjects 

have less flexibihty than younger subjects. However, less flexibility would imply that 

more elderly subjects would be unable to transfer as much weight to the side reached 

to, due to a decreased ability to move into an asymmetrical posture. The results do 

not support this, as the maximum weight transference of the young and elderly 

subjects was similar. Alternatively it could be proposed that the longer times 

exhibited by the more elderly subjects were due to the necessity for the older subjects 

to move more slowly in order to more achieve control over the COM relative to the 

BOS. This proposal implies that more elderly subjects may have a lack of ability or 

problems relating to the control of the COM within the BOS. As this is the first 

reported investigation of time taken to reach, there are no studies with which these 

results can be compared.

Although there were no reports of the time taken to complete a reaching task found in 

the literature, there are a number of studies that report the time taken to perform other 

functional tasks by healthy subjects. Studies reporting the time to rise to stand 

indicated that elderly subjects may take longer to perform this function (Wheeler et al, 

1985; Engardt and Olsson, 1992; Durward, 1994), although this findmg remains 

inconclusive (Durward, 1994). Further investigations are required to investigate the 

times taken to perform functional activities by healthy subjects of different ages.

Due to the differences between the time taken by the young and elderly healthy 

subjects to reach to the same side, to enable comparison with the time taken by 

hemiplegic subjects the data from the elderly subjects was used. The mean age and 

age range of the hemiplegic subjects was more similar to those of the elderly subjects 

than to those of the young subjects.
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18.6.3 Hemiplegic subjects

Initial measurements (week 0) demonstrated that the patients with hemiplegia had a 

median peak symmetry index during reaching to the same side of 0.63. This 

symmetry index equates with the transference of approximately 81.5% of body weight 

on to the unaffected side. 90% of the hemiplegic subjects transferred between 

approximately 64% (81=0.28) and 91% (SI = 0.82) of body weight on to the 

unaffected side, compared to values of between 84.5% and 97% for 90% of the 

healthy subjects. The variation in the ability of the hemiplegic subjects was greater 

than the variation between the healthy subjects. Some of the hemiplegic subjects 

achieved weight transference that was well within the healthy subjeçt range; however, 

large proportions transferred less weight to the side reached to than the healthy 

subjects. The feilure of the majority of the hemiplegic subjects to transfer a “normal” 

magnitude of weight on to the side reached to implied that many of the hemiplegic 

subjects had impaired ability to transfer weight onto the unaffected side. It is 

proposed that this impairment was related to a lack of ability to control the COM 

towards the limits of the BOS, which subsequently prohibited the subjects from 

transferring more weight to that side. Studies of weight shifting in stance confirm 

that the ability of hemiplegic subjects to transfer weight could be impaired in 

comparison to healthy subjects (Murray et al, 1975; Goldie et al, 1996).

Over the following weeks, the median value of the peak symmetry index during 

reaching increased for the control group subjects. The magnitude of the increase was 

relatively small. During weeks 1-6 there was no trend in the change of the 5* 

percentile, indicating that there was no increase in the minimum weight transferred by 

the subjects. However, a slight upward trend in the maximum amount of weight 

transference occurred over these weeks. Thus it appears that, while the ability of 

some of the control group subjects to transfer weight improved, this was not the case 

for the entire group. The slight change in the ability of the control group subjects to 

transfer weight on to the unaffected side was further demonstrated in the exploration 

of the proportion of subjects \^diose ability was “abnonnal” or “normal” throughout 
the test weeks. These data did suggest that, while the improvement in ability was 

slight, there was a definite upward trend in the abihty of the control group subjects to 

transfer weight on to the unaffected side.
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In contrast to the observable changes in the peak symmetry index of the control group 

over the test weeks, there was no apparent trend in the amount of weight transference 

by the practice group subjects. The shght difference between the control and practice 

group subjects can be observed both in the values of the medians and percentiles, and 

in the rating of the ability of the hemiplegic subjects relative to the healthy subjects. 

However, the proportion of hemiplegic subjects achieving normal weight transference 

between the first and last measurement was similar for both the control and practice 

group.

A factor that further challenged the relevance of the observed differences between the 

ability to weight transfer by the confrol and practice groups, was the apparent 

influence of discharge status on the peak symmetry index during reaching to the same 

side. For both the control and practice group subjects the median peak symmetry 

index for the subjects not discharged during the study period had no remarkable trend 

or pattern. However the median peak symmetry indices for the control and practice 

group subjects who were discharged home or discharged for other reasons had a 

definite upward trend. It can be surmised that the functional ability of subjects who 

were discharged home improved more than that of subjects who were not discharged 

home within 6 weeks of achieving independent sitting balance. This leads to the 

proposal that ability to transfer weight on to the unaffected side may be related to 

functional ability.

The low number of subjects who were discharged for other reasons and the different 

reasons for the discharge preclude generalised conclusions being drawn from the 

results of these subjects. However, the apparent relationship between discharge status 

and the peak symmetry index during reaching may provide an explanation for the 

difference between the trends in the symmetry data for the control and practice group 

results. No subjects were discharged from the practice group after week 3, while 

subjects were discharged from the control group until week 5. The greatest difference 

between the peak symmetry data for the control and practice group occurred during 

weeks 4 and 5; when subjects who were discharged during the test period remained in 

the control group but not the practice group. It cannot, therefore, be assumed that the 

slight differences in the ability to transfer weight between the control and practice
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group occurred as a result of the practice intervention. Further research is necessary 

to investigate the relationship between the peak symmetry of weight distribution 

during reaching and discharge status.

During the week 0 measurement, 90% of the hemiplegic subjects returned to sit after 

reaching with a maximum of between approximately 64% (SI = -0.28) of body weight 

on the affected side and 62% (SI = 0.24) on the unaffected side. The median amount 

of weight taken through the affected side following reaching to the unaffected side 

was approximately 52% (SI=-0.04). The median value and the percentiles imply that 

there was, on average, approximately symmetrical weight distribution. For the 

hemiplegic subjects; during sitting after reaching 90% of the values for the mean 

symmetry index were within a range of 28% and during quiet sitting 90% of the 

values for the mean SI were within a range of 17%. For the healthy subjects these 

values were 14% and 10% for sitting after reaching and quiet sitting respectively. 

The data suggest that the ability of the hemiplegic subjects to achieve symmetrical 

weight distribution during sitting after reaching was diminished relative to the healthy 

subjects.

Over the following test weeks the median symmetry of weight distribution after 

reaching for the control group subjects had a slight upward trend, starting with weight 

distribution of approximately 54.5% (SI=-0.09) of weight on the affected side and 

ending with weight distribution of approximately 54.5% (SI=0.09) to the unaffected 

side. Despite this apparent trend in the median value, the percentiles demonstrated 

that there was a relatively large variation in the control group results over the test 

weeks, the limits of which did not support the existence of an upward trend. 

Throughout the 7 weeks of testing the maximum weight distributed to the affected 

side was 63% (SI = -0.26) and the maximum weight distributed to the unaffected side 

was 68.5% (SI = 0.37), for 90% of the control group subjects. This imphes that the 

increased variation in the symmetry of weight distribution during sitting following 

reaching was evident throughout the test period for the control group.

For the practice group, during the initial 3 weeks of testing, the symmetry of weight 

distribution during sitting following reaching was similar to that of the control group. 

The maximum weight distributed to either side varied from a maximum of 62% (SI =
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-0.24) on the affected side to a maximum of 65% (SI = 0.30) on the unaffected side, 

for 90% of the practice group subjects. However, during the following weeks the 

practice group subjects appeared to distribute increasing amounts of weight to the 

affected side during sitting after reaching. During test weeks 4 and 5 over 90% of the 

practice group subjects all distributed more weight on the affected than on the 

unaffected side. The tendency for practice group subjects to distribute more weight 

on the affected than the unaffected side during the latter test weeks is emphasised 

further in the exploration of the data from subjects tested on all the test weeks.

The increased weight distribution to the affected side by the practice group subjects, 

and the weight distribution that remained close to symmetrical weight distribution by 

the control group, was reflected in the comparison o f the ability o f the hemiplegic 

subjects with the normal range of the healthy subjects. A substantially greater 

proportion of the control group than the practice group had normal weight distribution 

during the test weeks, and there appeared to be a slight upward trend in the proportion 

of the control group subjects achieving normal weight distribution. There were no 

apparent trends in the proportion of practice group subjects achieving normal weight 

distribution during sitting following reaching. The difference in the proportion of 

control group and practice group subjects achieving normal weight distribution 

reaches a significant level during week 3 (Chi^ = 0.016), when the proportion of 

practice group subjects achieving normal weight distribution was significantly less 

than the proportion of control group subjects achieving normal weight distribution.

The statistically significant difference between the ability of the control group and 

practice group implies that the practice intervention had an effect on the symmetry of 

weight distribution in sitting following reaching. The practice intervention appeared 

to result in an increase in weight distribution toward the affected side, and 

subsequently a decrease in the proportion of practice group subjects achieving normal 

weight distribution, in sitting after reaching. The increase in weight distribution on 

the affected side did not appear to be a beneficial effect, although the consequence of 

this effect was not known. The difference between the control group and practice 

group did not appear to be permanent, as the weight distribution during sitting after 

reaching for the practice group was more symmetrical during the final test week. The
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implication of the differences between the control and practice group will be 

discussed in the following chapter.

The time taken to reach to the same side remained remarkably constant for both the 

control group and practice group throughout the test period. There were no 

observable differences between the control group and practice group or trends in the 

time taken over the test weeks. The minimum time taken for 90% of the control or 

practice group subjects on any of the test weeks was 6.00 seconds, and the maximum 

time was 15.85 seconds. These values demonstrate that there was a relatively large 

variation in the time taken by different subjects. 90% of the elderly healthy subjects 

took between 5.61 seconds and 11.47 seconds. The length and variation in the time 

taken by the hemiplegic subjects was nut dissimilar to the time taken by the elderly 

healthy subjects. The upper limit of the times taken by the hemiplegic subjects was 

slightly greater than the upper limit of the times taken by the elderly healthy subjects, 

but there was httle difference in the lower limit. The high proportion of hemiplegic 

subjects achieving times within the normal range highlights the similarity in the times 

taken by the elderly healthy and hemiplegic subjects.

18.7 Reaching across to the opposite side

18.7.1 Analysis of movement

As was the case for the analysis of the movement of reaching to the same side, there 

were no studies found in the literature that assisted in the identification of pertinent 

measures of outcome for the analysis of reaching across to the opposite side. The lack 

of studies in the literature relating to the symmetry of weight distribution meant that 

there was no available data with which the results of this study could be compared

The goal for reaching across to the opposite side was, as for reaching to the same side, 

to achieve the maximum possible asymmetry of weight distribution. Although the 

goals of reaching to the same side and reaching across to the opposite side were 

similar, there was no available evidence that indicated whether the outcome variables 

assessed to be appropriate for the analysis of reaching to the same side were also 

applicable to the analysis of reaching across to the opposite side. In order to identify
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appropriate measures of outcome, for the analysis of reaching across to the opposite 

side, the pattern of the symmetry index during the movement was initially explored.

The pattern of symmetry of weight distribution during reaching across to the opposite 

side was found to be similar, although opposite in direction, to the pattern of 

symmetry of weight distribution during reaching to the same side. In order to allow 

comparison of the variables during reaching across to the opposite side with the 

variables during reaching to the same side, the outcome variables and definitions for 

the start and end of movement for reaching across to the opposite side were identical 

to those for reaching to the same side. Although there was no evidence fi*om previous 

studies that reaching across to the opposite side was related to reaching to the same 

side, observation and exploration of the raw data indicated that there were similarities 

between the outcome variables for the two movements. Reaching to the same side as 

the arm being reached with and reaching across the body with the arm to the opposite 

side could be argued to be two different fimctional activities. However, the pattern of 

symmetry of weight distribution was observed to be similar in both these fimctional 

activities. Thus it is proposed that similar patterns of weight transference can be 

induced, regardless of the method of reaching. The magnitude of the weight 

transference achieved dwing reaching across to the opposite side, in comparison to 

reaching to the same side, provided evidence pertaining to the observations made 

jfrom the pattern of movement.

18.7.2 Healthy subjects

During reaching across to the opposite side the median difference in weight 

distribution between the sides for the healthy subjects was approximately 81% (SI = 

-0.81), indicating that approximately 90.5% of body weight was distributed through 

the side reached to. i here was relatively little variation in the maximum amount of 

weight distributed through the side reached to, with 90% of the healthy subjects 

having peak weight distribution through the side reached to of between 83.5% (SI = 

-0.67) and 96% (SI = -0.92). These values were very similar to the range of peak 

weight distribution taken through the side reached to during reaching to the same side 

(90% of subjects between 84.5% and 97%). The magnitude of the peak symmetry 

index demonstrated that healthy subjects had the ability to transfer a maximal amount 

of body weight on to the side reached to, regardless of whether the arm had to reach
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across the body or not. The similarity in the magnitude of weight transference during 

reaching across the body with the arm and during reaching out to the side without 

reaching across the body potentially has significant imphcations for the treatment of 

patients with hemiplegia. Patients with hemiplegia often have poor control over the 

affected arm. This study indicates that lateral weight transference on to the affected 

side -  a common goal of treatment (Davies, 1985, 1990; Bobath, 1990) - can be 

facilitated through reaching with the unaffected arm across the body.

As in the case of sitting after reaching to the same side, the median values for the 

symmetry of weight distribution during sitting after reaching across to the opposite 

side indicated that subjects continued to distribute more weight through the side 

reached to during silting after reaching. However, unlike the results from sitting after 

reaching to the same side, the interquartile range of the symmetry index for sitting 

after reaching across to the opposite side indicated that the subjects did have fairly 

symmetrical weight distribution during the period of sitting. 90% of the healthy 

subjects distributed a maximum of 56.5% (SI = -0.13) on the side reached to and a 

maximum of 55.5% (SI = 0.11) on the opposite side following reaching across to the 

opposite side. The healthy subject results thus indicated that healthy subjects tended 

to return to a position with symmetrical weight distribution following reaching to the 

opposite side. Comparing the symmetry of weight distribution during sitting after 

reaching across to the opposite side (90% of subjects within a range of 43.5% to 

56.5%) with the symmetry of weight distribution during quiet sitting (90% of subjects 

within a range of 45% to 55%) suggests that the symmetry of weight distribution 

following reaching was similar to that during quiet sitting. This similarity implies that 

subjects returned to a normal sitting posture with symmetrical weight distribution 

following reaching across to the opposite side.

The results from the healthy subjects during sitting after reaching to the same side 

indicated that there was a slight shift in the results. It was proposed that the shift 

might be attributed to chance, and that this result would not be repeatable. The 

identification that during sitting after reaching across to the opposite side healthy 

subjects demonstrated highly symmetrical weight distribution lends support to the 

proposal that the shift observed in the data from reaching to the same side was 

anomalous.
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The time taken to reach across to the opposite side by the young and elderly subjects 

was very similar. 90% of the healthy subjects took between approximately 5.8 and 

9.6 seconds to complete the movement. While there were significant differences 

between the times taken by the young and elderly healthy subjects during reaching to 

the same side, the times taken by the young and elderly healthy subjects during 

reaching across to the opposite side were similar. The median time taken to reach 

across to the opposite side was 7.2s for the young subjects and 7.4s for the elderly 

subjects (for reaching to the same side these times were 6.8s and 8.3s respectively). 

However, comparison of the times taken by any of the healthy subjects during 

reaching to either side, must be carried out with caution, as the distribution of times 

taken was not normal for any o f the groups o f subjects. A weak but significant 

association was found between the time taken to reach across to the opposite side and 

gender (R^=0.126, p<0.05), with female subjects taking longer to complete the 

movement. The magnitude of the variation between the times taken between different 

subjects was large, and it was therefore concluded that further investigation was 

required to explore the differences in time taken by subjects of different gender during 

reaching to the same side and reaching across to the opposite side.

18.7.3 Hemiplegic subjects

At the initial measurement of reaching across to the opposite side 90% of the 

hemiplegic subjects transferred between 64% (SI = -0.28) and 96% (SI = -0.92) of 

body weight on to the affected side. This was similar to the proportion of body 

weight transferred on to the unaffected side during reaching to the same side (90% of 

subjects between 64% and 91%). Some of the hemiplegic subjects achieved weight 

transference within the normal range of the healthy subjects, while a considerable 

proportion of the hemiplegic subjects transferred less weight than the healthy subjects 

did.

The magnitude of the weight transference by the healthy subjects during reaching to 

the same side and to the opposite side was similar regardless of the direction of reach. 

Due to hemiplegia it might have been proposed that the similarity in the magnitude of 

the peak symmetry index during reaching to the same and to the opposite side would 

not be observed in the stroke patients. However the similarity in the magnitude of
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weight transference to either side indicated that the stroke patients did not tend to be 

more impaired during reaching in one direction than during reaching in the opposite 

direction. Studies of the ability of hemiplegic subjects to laterally weight-shift during 

stance have demonstrated that hemiplegic subjects have a better abihty to transfer 

weight to the unaffected than to the affected side (Goldie et al, 1986). In contrast, the 

results of this study indicate that the ability of hemiplegic subjects to transfer weight 

in sitting was not impaired more in one direction than another. The difference 

between the results of this study and the results of the studies of weight transference 

in stance (Goldie et al, 1986) suggests that the abihty to transfer weight in sitting and 

standing may not be related.

The lack of differences between the reaching ability to the affected and unaffected 

sides is supported by the study by Tanaka et al (1997), which found that trunk rotation 

by hemiplegic subjects was equally impaired to the affected and unaffected sides. In 

contrast, Bohannon et al (1995) reported a greater impairment in strength of lateral 

flexion to the affected side than to the unaffected side. However, Bohannon et al

(1995) did find that not all hemiplegic subjects had greater muscle strength on the 

unaffected side. The results of this study indicate that trunk control is impaired 

equaUy on the affected and unaffected sides, and that stroke patients do not tend to be 

more impaired during reaching in one direction than during reaching in the opposite 

direction. The similarity between weight transference to the unaffected and affected 

side observed in this study has implications for physiotherapy; not only as hemiplegic 

patients have been demonstrated to have equal ability to transfer weight to the 

affected and unaffected side, but also because this has been demonstrated using the 

unaffected arm to facilitate the movement in either direction. This study indicates 

that reaching with the unaffected arm, in either direction, is an appropriate method of 

facilitating weight transference.

During test weeks 1 - 6  there was little change in the peak symmetry data collected 

during reaching, with no apparent differences between the control and practice group 

or trends in the data over the test weeks. However, exploring the proportion of 

hemiplegic subjects achieving normal peak symmetry indices over the test weeks 

indicated that the ability of the practice group subjects was greater than that of the 

control group subjects. The differences in the proportion of control group and
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practice group subjects achieving normal weight transference, despite the lack of 

apparent differences between the symmetry data, was explained by the degree of 

overlap between the hemiplegic data and healthy subject data. Although the median 

and interquartile ranges of the control group and practice group were similar over the 

test weeks, the range of values for the control was greater than that of the practice 

group, with a shift in the range toward a lower (less negative) symmetry index. The 

shift in the control group data resulted in a lower proportion of the control group 

subjects being within the “normal” range. The lower proportion of control group 

subjects with weight transference in the normal range suggested that the ability of the 

practice group subjects was different to that of the control group subjects. However, 

due to the low number of subjects in the study, one of two outliers within the control 

group could explain the apparent difference between the conftol group and practice 

group. Further research is necessary to investigate whether this difference is due to 

random chance or whether the ability of the practice group was greater than that of the 

control group.

During the week 0 measurement, 90% of the hemiplegic subjects returned to sit after 

reaching across to the opposite side with between 63% (SI = -0.26) of body weight on 

the affected side and 62% (SI = 0.24) on the unaffected side. The median amount of 

weight taken through the affected side during sitting following reaching to this side 

was approximately 53% (SI = 0.06). The median and percentiles imply that there 

was, on average, approximately symmetrical weight distribution with a maximum of 

approximately 26% difference in weight distribution between the sides. This was 

very similar to the distribution of body weight during sitting after reaching to the 

same side (where 90% of subjects had 28% difference in weight distribution between 

the sides).

Both the control and practice group demonstrated greater variation than the healthy 

subjects, with the greatest asymmetry occurring with more weight on the affected than 

on the unaffected side, on all test weeks. 90% of the control group subjects 

distributed a maximum of 75.5% (SI = -0.51) of body weight on the affected side and 

a maximum of 64% (SI = 0.28) of body weight on the unaffected side, during any of 

the test weeks. For the practice group these values were 71.5% (SI = -0.43) and 

59.5% (SI = 0.19) respectively.
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While the median value of the symmetry index for the control group remained close 

to that of the healthy subjects throughout the test weeks, the practice group median 

value indicated that the practice group tended to distribute more weight to the affected 

side than to the unaffected side. The tendency to distribute more weight to the 

affected side than the unaffected side increased over the test weeks, and in weeks 4, 5 

and 6 90% of the practice group subjects all distributed more weight to the affected 

side than to the unaffected side. The differences between the control group and 

practice group were highlighted by the proportion of control group and practice group 

subjects achieving normal weight distribution during sitting after reaching. There was 

little difference in the proportion with normal and abnormal weight distribution 

between the control and practice group during weeks 0 and 1, however in weeks 2-6 a 

greater proportion of control group subjects achieved normal weight distribution. 

This difference reached significance in week 4 (Chi^ = 0.027).

Interestingly the difference in the weight distribution during sitting after reaching 

across to the opposite side between the control group and practice group demonstrated 

a similar pattern of results as was found for sitting after reaching to the same çide. 

During both sitting after reaching to the same side and sitting after reaching across to 

the opposite side, the practice group subjects distributed increased weight to the 

affected side during the later test weeks. For both functions there was a significant 

difference in the proportion of control and practice group subjects achieving normal 

weight distribution during one of the test weeks. The statistically significant 

differences between the control group and practice group imply that the practice 

intervention increased the tendency for weight bearing through the affected side 

following reaching. The tendency for weight bearing through the affected side during 

sitting after reaching appears to occur regardless of the direction of the reach 

executed.

One of the problems following stroke fi'equently referred to in the literature is 

asymmetry of posture and weight distribution in sitting (Bobath, 1978, 1990; Davis, 

1985, 1990; Carr and Shepherd, 1989, 1992; Ashbum, 1997). It has frequently been 

assumed that patients with hemiplegia tend to favour their unaffected side (Bobath, 

1978, 1990; Davis, 1985, 1990). The results of this study suggest that the practice
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intervention can increase the weight distribution toward the affected side; however 

this results in the subjects demonstrating asymmetry of weight distribution to the 

affected side rather than demonstrating symmetry of weight distribution that is, on 

average, symmetrical. Such a finding challenges whether the practice intervention 

was beneficial or, indeed, detrimental. However, the results of this study also 

identified even more fimdamental questions pertaining to the rehabihtation of subjects 

with stroke. These questions relate to the pathophysiology behind the adoption of 

asymmetry of weight distribution and whether subjects have the ability to regain 

normal posture and movement. Further research is essential to identify normal 

patterns of recovery of patients with stroke and the relationship of factors relating to 

the symmetry of posture and movement and functional outcome. The difference 

between the control and practice group is further explored in the following chapter.

Exploration of the time taken to reach across to the opposite side demonstrates that 

there was no apparent trend in the results over the test weeks, or differences between 

the time taken by the control group and practice group subjects. 90% of the 

hemiplegic subjects took between 5.94 seconds and 15.13 seconds to reach 

throughout the test weeks. The upper limit of the time taken by the hemiplegic 

subjects was substantially more than the upper limit of the time taken by the healthy 

subjects; 90% of the healthy subjects took between 5.75 and 9.58 seconds. As in 

reaching to the same side, there was a large variation in the time taken by hemiplegic 

subjects to reach across to the opposite side. However, there was a significant positive 

relationship (r = 0.76) between the time taken to reach to either side by the hemiplegic 

subjects. The association between the time taken to reach to either side indicated that 

the time taken by the hemiplegic subjects was not random, but was reflective of 

subjects’ functional abihty. It has been proposed in the literature that the time taken 

to perform functional tasks can be reflective of more global functional ability 

(Durward, 1994): the apparently non-random nature of the time to reach suggests that 

the time taken during reaching may be related to patients’ abihty.

Unlike the time taken to reach to the same side, there was greater difference in the 

upper time limit taken by the healthy subjects and the hemiplegic subjects. This 

difference was reflected in the proportion of hemiplegic subjects whose time was 

within normal limits during reaching. A relatively small proportion of control and
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practice group subjects achieved normal time limits for reaching across to the 

opposite side, in contrast to the relatively large proportion for reaching to the same 

side. This difference between the abihty of the hemiplegic subjects to perform 

reaching to the same side and reaching across to the opposite side within the normal 

time limits indicates that the stroke patients may have had more difficulty during 

reaching across to the opposite side than during reaching to the same side. Although 

the magnitude of the weight transference was similar during reaching to the same side 

and reaching across to the opposite side, the time taken to complete reaching across to 

the opposite side was longer. The differences in the ability for the two movements 

suggest that subjects with stroke have more difficulty executing the movement of 

reaching across to the opposite side than reaching to the same side. An increased 

amount of rotation required during reaching across to the opposite side, an increased 

necessity to control muscle groups on the affected side; or a decrease in the abihty to 

control the COM within the limits of the BOS on the affected side, could all provide 

potential explanations for the difference in the abihty to reach to the same side and to 

reach across to the opposite side. Further research is necessary to explore the 

differences in the abihty to transfer weight to the unaffected and affected side.

18.8 Functional ability

18.8.1 Comparing functional tasks

The association between the symmetry index during stance and the seat-off phase of 

sitting down, and between the symmetry index during the seat-on phases of rising to 

stand and sitting down, were found to have high and fair correlation respectively, for 

the healthy subjects. Both stance and the seat-off phase of sitting down involve an 

upright posture with a relatively small BOS; both the seat-on phases of rising to stand 

and sitting down involve movement within the sitting posture. The similarities 

between these functions provide an explanation for the association between the 

symmetry of weight distribution during their execution. However the association 

between these variables was not significant, with the significance level of the 

variables in the regression equations being less than 95%. There were no other 

significant correlations between the different functions for the healthy subjects. The 

relatively low variation between the symmetry values for all tiie tasks, and the finding 

that, for many tasks, the variability between the subjects was similar to the variation
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between repeated measures precluded correlation between the variables. The 

variation between some of the timed measures was greater than the variation between 

the symmetry variables. However it was still found that repeated measures tended to 

vary throughout the range, making the chances of association between timed variables 

low.

There were significant associations found between variables for the hemiplegic 

subjects. There was a significant and fair correlation between the symmetry of 

weight distribution during stance and the symmetry of weight distribution during the 

seat-off phase of sitting down. It is interesting to note that these variables were 

correlated, although not significantly, for the healthy subjects. For the hemiplegic 

Subjects this significant association implied that subjects distributing increased weight 

to the unaffected side during stance would also do so during the seat-off phase of 

sitting down, and vice versa. This findmg led to the conclusion that the hemiplegic 

subjects had a preferred side for weight bearing rather than the asymmetry occurring 

randomly. It can be suggested that the asymmetry of weight bearing during these 

tasks, which involve a small BOS and thus create a challenge to balance, may occur 

due to an impairment in the ability to control the COM within the centre of the BOS. 

Alternatively it could be suggested that the asymmetry of weight bearing might occur 

due to a lack of motor control on the affected side resulting in a dependency on the 

unaffected side, and thus a greater vertical force applied through the unaffected side in 

order to generate sufficient muscular activity for posture and movement. The finding 

of a significant association between symmetry variables indicated that asymmetry was 

not occurring randomly and supported the existence of a preferred side of weight 

bearing, thus indicating that the asymmetry might be directly related to the motor 

control over the affected and unaffected sides of the body.

The lack of studies in the literature reporting measurements of the symmetry of 

weight distribution during a number of postures and movements prevented direct 

comparison of the results fi'om this study with results in the literature. However, a 

significant correlation between the symmetry of weight distribution during stance and 

the position of the COP during lateral weight shifting in stance was reported by 

Dettmann et al (1987). This implied that there might be a relationship between the 

ability to weight shift and the symmetry of weight distribution during the maintenance
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of a posture. The lack of association found in this study between the symmetry of 

weight distribution during sitting and the peak weight transference during lateral 

weight shifting in sitting was unable to support the results of Dettmann et al (1987). 

However, as has been identified in the review of the literature, it cannot be assumed 

that measures of the position of the COP and measures of weight distribution during 

weight shifting are related. This emphasises the limitations arising from the lack of 

knowledge pertaining to the different methods of measuring aspects of balance.

A significant association was also found between timed variables, with hemiplegic 

subjects taking longer to reach to the same side also taking longer to reach across to 

the opposite side. This association suggests that rather than the time taken to reach by 

the hemiplegic subjects varying randomly through a specified range, the times taken 

to reach were specific to the individual subjects. The association between the timed 

reaches infers that the time taken to reach to either side might be related to an 

independent factor pertaining to the nature of stroke or the stage in recovery. During 

the review of the literature the validity of duration taken to reach as a measure of 

fimctional recovery was challenged. However, the results of this study appear to 

support the use of time taken to reach, reported by Dean and Shepherd (1997), as an 

indicator of functional improvement. Further investigation is necessary to determine 

whether the time taken to reach has any associations with independent variables. It 

has been identified that simple timed tests are useful clinical indicators of gait 

performance (Wade et al, 1985a) and it has been proposed that the time taken to rise 

to stance and sit down represents a basic but fundamental indicator of functional 

status in stroke patients (Durward, 1994). The limited results of this study therefore 

support the argument that accurate measures of time taken to perform functional 

activities may prove to be basic indicators of functional ability in stroke patients.

18.8.2 Functional ability score

The FAS incorporated all 14 outcome variables, which included symmetry values 

from both symmetrical and asymmetrical tasks and time variables. Arguably a 

“symmetrical ability score” (SAS) assessing the ability of subjects to achieve 

symmetrical weight distribution during the symmetrical tasks (sitting, standing, rising 

to stand, sitting down) could have been a more appropriate assessment of total ability 

to achieve and maintain a symmetrical posture. Similarly a “timed ability score”
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(TAS) assessing the ability of subjects to achieve normal time to complete tasks 

(rising to stand, sitting down, reaching to the same side, reaching across to the 

opposite side) may have been a more appropriate assessment of the ability to control a 

task over time. Limited exploration was carried out to explore the association 

between the FAS, SAS and TAS. The FAS, SAS and TAS were each calculated for 

each subject on each test day. Spearman's rho was computed to determine the degree 

of correlation between these 3 different scores of ability. These are displayed in 

Table 18.1.

FAS SAS TAS
FAS 1.000 0.940 0.762
SAS 0.940 1.000 0.786
TAS 0.762 0.786 1.000

Table 18.1 Spearman’s rho for association between scores of ability (significant 
at 0.01 level).

There was a high association between the FAS and the SAS and a fair association 

between the SAS and TAS, and FAS and TAS. An association between the FAS and 

SAS and between the FAS and TAS was expected, as the variables included in the 

SAS and TAS were also included in the FAS. However, the same variables were not 

included in the SAS and the TAS. The relatively high correlation between the scores 

indicated that the scored outcome variables were assessing similar aspects of ability. 

The next stage in the analysis of such associated variables would have been to 

determine whether any of the 14 outcome variables were redundant in the assessment 

of ability. This process could be carried out using a process of Factor Analysis to 

determine the relative strengths and influences of the individual outcome variables on 

the ability score. However this process requires a large sample size (Bryman and 

Cramer, 1990). Factor Analysis could not therefore be carried out with the results 

from this study. Although Factor Analysis, with the results from a larger sample, may 

have identified that some of the outcome variables used in the FAS were redundant 

and that an alternative score, using less variables, may have been appropriate, this 

remained unknown. The functional ability of the hemiplegic patients was therefore 

assessed using all 14 outcome variables (FAS). While this seore may have been 

heavily weighted by the symmetry variables, and weighted less by time and 

asymmetry variables, it was argued that the FAS was most likely to be sensitive to a
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change in ability. Further exploration of the use of the symmetry and time variables 

to develop a score of functional ability is required.

For both the control and practice group subjects the FAS tended to increase between 

week 0 and week 2 and then remain relatively unchanged for the remainder of the test 

weeks. The increase between weeks 0 and 2 was proposed to be due to the number of 

subjects who became able to stand, rise to stand and sit down during these weeks. 

Evidence was provided for this in chapter 10, where the number of subjects tested 

performing each of these tasks can be observed to increase between weeks 0 and 2 

and remain relatively unchanged thereafter. Additional evidence for the effect of the 

number of subjects able to stand, rise to stand and sit down on the FAS was found 

when the pattern of change of the proportion of subjects aehioving these tasks was 

compared with the pattern of change of the FAS (section 17.2.3). There was a 

remarkable similarity in the pattern of change of the proportion of subjects achieving 

these tasks and the pattern of change of the FAS, for the control group and practice 

group. This high degree of similarity leads to the proposal that an increase in the 

ability to carry out standing, rising to stand and sitting down may have been the only 

measured improvement in ability over the 6 weeks of physiotherapy. With the 

exception of the increased numbers achieving these functions during weeks 0,1 and 2, 

there was no evidence to indicate that there was any tendency for improvement in the 

ability to perform the assessed functional tasks within the “normal” limits during the 

test period. It can be concluded that during the first 2 weeks of physiotherapy 

treatment there was an increase in the number of subjects able to perform tasks 

involving a smaller BOS. During the subsequent 4 weeks of physiotherapy treatment 

there was no apparent change in the ability of the hemiplegic subjects to perform the 

assessed functional tasks.

The increase in the FAS for subjects discharged home during the study period 

occurred between weeks 0 and 1, Wiile the increase in the FAS for subjects 

completing all 7 test weeks occurred between weeks 1 and 4. It is predicted that the 

difference between subjects who were and who were not discharged may be related to 

independent variables, and thus that there may be associations between the FAS and 

independent variables. Although the rate of change of the FAS varied in different 

groups of subjects, the change in the FAS could stül be directly related to the

414



achievement of stance, rising to stand and sitting down rather than changes in the 

ability to perform the tasks within the “normal” range. In both groups of subjects a 

point was reached vdiere no further change in the FAS occurred. It is proposed that in 

both groups the initial change in the FAS was related to the achievement of stance, 

rising to stand and sitting down, and the lack of change in the following weeks was 

due to a lack of improvement in the numbers of subjects able to perform the 

functional tasks within the normal limits.

The functional tasks that were assessed were chosen as they reflected the generahsed 

aims of physiotherapy for the acute stroke patient. The classification of unable, 

abnormal or normal was selected, as a key aim of physiotherapy is to return the 

hemiplegic patients to having “normal” posture and patterns of movement. There was 

no evidence provided from this study that patients with stroke improved in the ability 

to perform the selected tasks in a “normal” manner. Thus this study was unable to 

confirm that the aims of physiotherapy were met during the 6-week period of in

patient treatment. The implications of this to physiotherapy practice are discussed in 

later chapters.

18.8.3 Functional ability and independent variables

A significant, but poor, association was found between the Barthel Index and the 

FAS. The graph plotting the FAS against the Barthel Index (Figure 16.9) indicated 

that, although there was an observable positive relationship, there was a large amount 

of variation around the regression line. It has previously been suggested that changes 

in the FAS over the test weeks tended to occur as the subjects achieved the ability to 

stand, rise to stand and sit down. The functions assessed in the Barthel Index could 

be argued to include functional items that would be influenced by subjects' ability to 

stand, rise to stand and sit down. For example, the subjective assessment of a 

patient's dependence during the activities of a chair / bed transfer, toiletting, mobility 

and stairs, included in the Barthel Index, may all be associated with ability to stand, 

rise to stand and sit down. The association between the FAS and the Barthel Index 

infers that both the FAS and the Barthel Index were influenced by whether a subject 

was able or unable to perform a functional task, but that the ability of the subject to 

perform the task within the normal limits of human movement did not influence these 

scores. However, unlike the Barthel Index, the nature of the FAS was such that it did
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have the potential to detect changes in the ability of subjects to perform functions 

within the normal limits. Since the aims of physiotherapy are directly related to the 

functions assessed by the FAS and to the method of assessing the ability relative to 

the normal, it is proposed that the FAS may be a more appropriate and sensitive 

outcome score than the Barthel Index. Further exploration of the FAS, including 

Factor Analysis, is necessaiy to assess the potential of the FAS as an indicator of 

functional ability and as an assessor of the achievement of the aims of physiotherapy.

Differences were noted between the FAS of subjects with left and right hemiplegia 

over the test weeks. The FAS of the right hémiplégies increased more rapidly than 

that of the left hémiplégies; with the right hémiplégies reaching a relatively 

unchanging maximum score in week 1, and Ihe left hémiplégies in week 2. The 

median score of the left hémiplégies remained lower than that of the right hémiplégies 

on all test weeks. Although the FAS was relatively similar in week 0 for subjects 

with left and right hemiplegia, the proportion of subjects whose ability improved was 

substantially greater for the right hémiplégies than the left hémiplégies on all test 

weeks. Lesions within the left and right hemispheres can result in specific deficits. It 

was identified, in the review of the literature, that right hemiplegia (damage to left 

hemisphere) tends to be associated with disorders in language, specific perceptual 

disorders and apraxia, while left hemiplegia (damage to right hemisphere) tends to be 

associated with major perceptual dysfunction, such as visual spatial neglect, tactile 

perceptual disorders and constructional apraxic deficits (Wade et al, 1985a). The 

perceptual dysfunction associated with right hemisphere lesions can result in the 

failure of patients to perceive spatial relationships (Rode et al, 1997). A failure to 

perceive spatial relationships Could feasibly manifest as an inability to maintain 

symmetrical alignment and weight distribution, and to control the COM within the 

BOS. The lower functional ability in subjects with left; hemiplegia found in this 

study was therefore supported by the nature of the dysfunction occurring following 

damage to the right hemisphere.

Few differences in functional recovery between patients with left and right hemiplegia 

can be identified in the literature (Wade et al, 1985a), although studies of motor 

control and performance following hemispheric damage have demonstrated 

differences relating to the side of the lesion (Kimura, 1977; Haaland et al, 1987;
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Winstein and Pohl, 1995; Rode et al, 1997). This study did identify observable 

differences in the FAS and change in FAS of the left and right hémiplégies on 

different test weeks, although the range of values was relatively large and there was 

considerable overlap between the functional ability of the subjects with left and right 

hemispheric damage. The differences in the median values for the left and right 

hémiplégies do suggest that the FAS was sensitive to differences in the functional 

ability of subjects with damage to the left or right hemisphere. It could be argued that 

differences have been identified in this study as, as in the work of Haaland et al 

(1987), Kimura (1977) and Winstein and Pohl (1995) and in contrast to the work 

reported by Wade et al (1985a), the outcome variables were specific to sensori-motor 

dysfunction and to the potential variations between subjects with left and right 

hemiplegia. Further studies are required to investigate the relationship between the 

side of lesion and functional abihty.

Comparing the FAS of subjects with different stroke classifications was made 

difficult due to the relatively low number of subjects with each stroke classification. 

Comparing the FAS of subjects with TACI against the FAS of subjects with other 

stroke classifications demonstrated that the FAS of the TACI group improved more 

rapidly and the median value tended to be greater. Observing the median values and 

the change in FAS from week 0 to the other weeks indicates that the functional ability 

of the TACI group and LACI group were similar and remarkably greater than that of 

the PACI group. The low number of subjects with POCIs and PICHs preclude 

generalisation of these results. The greater functional ability of the TACI group than 

the PACI group was not supported by the classification system, which defined more 

severe lesions as TACIs and less severe as PACIs (Bamford et al, 1991). Studies in 

the literature have generally reported that patients with more severe lesions (TACIs) 

have a worse functional ability and outcome than patients with less severe lesions 

(Sackley and Gladman, 1998; Smith and Baer, in press). The findings of this study 

are therefore not supported by the evidence pertaining to stroke classification in the 

literature. There is no scientific evidence that explains the anomaly of the greater 

functional ability of the TACI group found in this study. This was a small-scale study 

with relatively low numbers of subjects. It is possible that a sample with an uneven 

ratio of independent variables, for example side of hemiplegia, between subjects with 

different stroke classification may have resulted in such an anomalous result. Studies
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of functional ability have demonstrated the opposite to the results in this study, 

finding the functional outcome of patients classified as PACI, LACI and POCI to be 

similar, and substantially greater than the functional outcome of patients classified as 

TACI (Smith and Baer, in press). However, studies in the literature have tended to 

assess ability using assessments of ability to achieved functional goals, rather than 

measures of the quality of achieving functional goals. The lack of assessment of the 

quality of the functional movement in studies reported in the literature prevents direct 

comparison of these studies with the measures of FAS, which assessed the quality of 

the movement and postures. Further research, with larger sample sizes, is therefore 

necessary to explore the relationship between the FAS and stroke classification.

18.9 Summary and conclusions

18.9.1 Healthy subjects

• Healthy subjects generally distributed between 43% and 57% of body weight to 

either side during sitting, standing, rising to stand and sitting down.

• Healthy subjects generally distributed a maximum of between 83% and 97% of 

body weight on one side during lateral reaching.

18.9.2 Hemiplegic subjects

• Hemiplegic subjects demonstrated greater asymmetry of weight distribution than 

the healthy subjects during sitting, standing, rising to stand and sitting down, with a 

preference for weight bearing through the unaffected side.

• Hemiplegic subjects distributed a similar proportion of weight to the unaffected 

and the affected side during lateral reaching.

• There was a generalised lack of change in the ability of the hemiplegic subjects to 

perform the assessed tasks over the test weeks.

• There were significant differences in the symmetry of weight distribution during 

sitting after reaching between the control group and the practice group. The 

consequences of these differences are not known.
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19. Discussion; Effect of independent practice

19.1 Introduction

This chapter identifies the differences in functional ability between the patients 

carrying out the regime of independent practice (practice group) and the patients who 

received standard physiotherapy only (control group). The implications of the 

differences between the control group and practice group are identified, and the 

effectiveness of the regime of independent practice is discussed. Based on the results 

of the clinical trial, the evidence for motor learning in patients with acute stroke is 

commented upon and the practical implementation of a regime of independent 

practice within a clinical setting is reviewed.

19.2 Differences between control and practice group

This study found that there were no significant differences detected between the 

control and practice group for the majority (12 out of 14) of the outcome variables 

over the test period. The variables for which there were no notable differences 

between the groups were:-

Symmetry of weight distribution during sitting;

Symmetry of weight distribution during standing;

Symmetry of weight distribution during seat-on phase of rising to stand;

Symmetry of weight distribution during seat-off phase of rising to stand;

Symmetry of weight distribution during seat-off phase of sitting down;

Symmetry of weight distribution during seat-on phase of sitting down;

Weight transference during reaching to the unaffected side;

Weight transference during reaching to the affected side;

Time taken to rise to stand;

Time taken to sitting down;

Time taken to reach to the unaffected side;

Time taken to reach to the affected side.

There were differences detected between the control and practice group for 2 of the 

outcome variables, with the differences being significant during one test week for 

each variable. These variables were the symmetry of weight distribution during

419



sitting after reaching to the unaffected side and during sitting after reaching to the 

affected side. The lack of difference between these variables for the control and 

practice group during the initial test weeks, the existence of the largest (most 

significant) differences during test weeks 3 and 4, and the smaller differences (less 

significant) during test week 6, all indicate that the practice was directly responsible 

for these differences. The greatest differences occurring in weeks 3 and 4 suggests 

that the practice had a cumulative effect. The reduction in the difference between the 

control and practice group during the final test week suggests that the effect of the 

practice was not permanent.

The one effect of the practice regime was, therefore, to increase the amount of weight 

dislribuied through the affected side during sitting following maximal weight 

transference to the unaffected or the affected side. It was hypothesised that the 

practice regime would result in the outcome variables of the practice group becoming 

more similar to those of the healthy subjects. This did not occur. The consequence of 

the increase in weight distribution to the affected side during sitting after reaching is 

not known. There is no evidence to suggest Wiether this change was beneficial, 

detrimental or of no consequence to the functional outcome of the practice group 

subjects. However, despite the lack of knowledge pertaining to the consequence of 

the change effected by the independent practice, it can be concluded that independent 

practice did effect a change in motor performance. This study was not able to 

conclude that the practice regime effected a change in motor learning, as the change in 

motor performance was not sustained during the retention tests.

In summary; the results of the clinical trial indicate that the practice regime had 

relatively little influence on the outcome variables of the practice group. However the 

practice regime did effect a change in the ability of the practice group, resulting in a 

small, but significant, temporary increase in the weight distributed to the affected side 

during sitting after reaching. The following sections discuss the possible reasons for 

the lack of difference between the control group and practice group for the majority of 

the outcome measures, and the implications of the changes in motor performance that 

were effected by the practice regime.
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19.3 The practice regime

There are four broad reasons that could potentially explain the lack of motor learning 

resulting from the practice carried out by the hemiplegic subjects. These are:

1. The implemented practice regime did not promote optimal motor learning.

2. The motor tasks practised were inappropriate for effecting permanent change in 

the motor performance of the specified motor skiUs.

3. The environmental context of the patients did not promote optimal motor learning.

4. The process of motor learning is inappropriate for effecting permanent change in 

the motor performance of individuals with neurological damage.

The following sections will address each of these potential explanations for the lack of 

motor learning effected by the independent practice implemented in this study.

19.3.1 The practice regime and optimal motor learning

The evidence pertaining to the optimal learning of motor skills was reviewed in 

Chapter 4.2. It is important that a subject practising a skill recognises the purpose of 

the skill and has the motivation to practice and learn it (Schmidt, 1991; Magill, 1993). 

The purpose of the practice regime was explained to each subject participating in the 

practice group, and the importance of gaining control over movement in sitting was 

stressed. However, it could be argued that the motor tasks practised by the 

hemiplegic subjects did not have an immediate and apparent association with 

functional ability and the recovery of ability to perform activities of daily living. 

Thus the goals of the practice may not have been meaningful (Magill, 1993) to the 

subjects.

Following stroke, patients have many disabilities and impairments (Wade et al, 

1985b). The subjects carrying out the practice regime all had relatively severe 

physical dysfunction that resulted in a decreased ability to maintain or achieve sitting 

balance and severely impaired mobility. The priorities of the patients in the practice 

regime may therefore have been related to the recovery of functional independence 

and mobility. A failure to comprehend the theoretical relationship between the goals 

presented by the practice regime and functional recovery may have reduced the 

motivation of patients to carry out the practice regime. Deficits in communication 

and cognition, occurring as a result of the stroke, may also have limited the patients' 

comprehension of the relevance of the motor skills practised.
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Objective, quantifiable goals are more effective than abstract goals (Magill, 1993). 

The motor tasks practised by the practice group subjects were all objective and 

quantifiable. However the tasks involved reaching “as far as you can”, rather than 

having a specific quantifiable goal. Thus, although the goal attained could be 

quantified, the subject was not presented with a quantifiable goal at the start of a 

motor task. It could be argued that to ensure the objectivity of the task, the subject 

should have been presented with a set quantified goal. Due to the experimental nature 

of the practice regime used in this study, there was no evidence available that could be 

used to set highly specific quantified goals that would be attainable by the hemiplegic 

subjects. However the evidence gathered by this study, pertaining to distance and 

height o f reach following acute Stroke, could be used to set more objective 

quantifiable goals in future studies (details of distance and height during practice 

regime are provided in Appendix L).

The general goal of the practice was to improve the ability to achieve and maintain 

symmetrical alignment in sitting and to improve the abihty to control the COM during 

voluntary movement within sitting. This was a broad goal and the “voluntary 

movement within sitting” could potentially have involved a myriad of activities. 

However, the motor tasks were developed to ensure that the regime involved 

practising the “whole” task (Marteniuk, 1979; Schmidt, 1988, 1991; Magill, 1993). 

Despite ensuring that each of the tasks involved voluntary movement of the COM 

within the BOS, the motor tasks practised were limited to tasks involving reaching 

with the unaffected arm. The degree to which learning to control the COM during 

reaching can be transferred to other tasks requiring control of the COM, and the 

degree to which control of the COM during reaching is specific to the learning of 

control during reaching, will be central to the motor learning resulting firom the 

practice regime. Although the whole task of reaching was practised it is not known if 

this practise was specific to reaching, or whether there could be transfer of the ability 

to control the COM during reaching to the ability to control the COM during other 

seated tasks. The only measured outcomes in which any change in ability was 

determined due to the practice were directly related to reaching, suggesting that there 

was no transfer between the ability to control the COM during reaching and the ability 

to control the COM during other activities. A lack of transference between the ability
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to control the COM during different postures and movements could have fundamental 

implications for physiotherapy intervention.

As suggested in the literature (Schmidt, 1988; Magill, 1993), the implemented practice 

regime used a massed practice schedule. The research indicated that random practice 

schedules lead to better retention of learning than blocked practice schedules (Shea 

and Morgan, 1979; Lee and Magill, 1983; Schmidt, 1988, 1991; Lee et al, 1991). 

However, the use of random practice schedules was limited by a number of factors. 

The development process identified that the tasks should involve movement across the 

midline, rather than repetitive reaching to one side: this prevented the presentation of 

tasks in an entirely random manner. In addition, the practice regime had to be able to 

be carried out by the hemiplegic subject independently and the regime had to be 

suitable for execution within a hospital environment. This further limited the amount 

of randomisation of practice that could practically and feasibly be included in the 

regime. The use of computerised equipment could potentially have generated random 

goals during each practice session; however this was beyond the resources of this 

study. The tasks had to be presented to the subject in a manner that encouraged 

independence; the development procedure identified that blocks of practice of different 

tasks were necessary to reduce the amount of supervision and prompting required by 

the patients. However, in an attempt to produce variability in the tasks practised 

within each block, the angles and heights of reach were varied using a combination of 

both random and systematic variation. Although the use of computerised equipment 

to generate random motor tasks may have promoted more optimal motor learning, it is 

proposed that the methods utilised within the practice regime to generate variation of 

practice promoted optimal motor learning within the given constraints of the resources 

of the study.

The majority of studies described in the literature involve the investigation of healthy 

individuals during the acquisition of specific, discrete, novel tasks. The tasks 

investigated can vary considerably in their complexity and in the motor sequences 

required. Consequently, conclusions regarding the influence of the number of 

repetitions of a task within each practice schedule, the length of each practice schedule 

and the number of practice schedules over time cannot be derived from the literature 

the literature. There is no evidence to suggest the amount of independent practice of
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any particular task required to effect a change in motor performance or in motor 

learning. The number of repetitions in studies with healthy subjects have had little 

consistency; varying firom studies reported by Lee et al (1991) using 36 trials, to a 

study by Shea and Kohl (1990) using 289 trials. Only one of the practice group 

subjects attended all 20 of the desired practice sessions (5/week for 4 weeks). None of 

the subjects completed the maximum number of 203 repetitions during any of the 

practice sessions. The primary reason for the lack of attendance was tiredness, as was 

the reason for the failure to complete the 203 repetitions during each session. These 

results imply that the aimed practice schedule was not appropriate for these patients.

From the profile of attendance and number of repetitions completed it is suggested that 

practice sessions involving fewer repetitions are required. It is proposed that a greater 

number of practice sessions per day, each involving fewer repetitions, may be 

appropriate for this patient group. It is also suggested that if the timing of the practice 

sessions was more flexible than during this study the attendance rate might improve. 

It was found that the patients had periods of each day when they were tired or had 

other activities to complete (for example, other appointments, visitors, bathing). If the 

practice sessions were completed at times convenient and appropriate to the individual 

patient it is likely that the numbers of both sessions attended and repetitions completed 

would increase. Thus this study has identified several pertinent points for future 

studies of motor learning for stroke patients.

The extrinsic feedback provided to the subjects during the practice regime was limited 

to knowledge of results, comprising verbalised feedback relating to the success of the 

motor tasks, such as the height and distance of reach and the score attained. 

Knowledge of performance, giving details of the correct kinematics of the desired 

movement, was not provided, as the aim of the study was to develop a practice regime 

that could be carried out independently, supervised by an untrained assistant. It can 

be argued that the failure to provide knowledge of performance, or any form of 

guidance, may have limited the results of the practice regime.

It has been identified in the literature that plastic changes within the CNS may not all 

be beneficial (Bach-y-Rita, 1981b; Dombovy and Bach-y-Rita, 1988; Dombovy, 

1991). The Bobath Approach suggests that the experience of “abnormal” afferent
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input, through the execution of unnatural patterns of movement, can be detrimental to 

functional recovery (Davies, 1985; Bobath, 1990). The absence of the provision of 

knowledge of performance in this study may have resulted in the subjects having 

inadequate information about the pattern of the required movement, and a subsequent 

failure of the subjects to modify the movement patterns. This could have resulted in 

the repeated practice of incorrect kinematic sequences and potential detrimental plastic 

changes.

Carr and Shepherd (1989a) emphasise that the Motor Learning approach for 

individuals with neurological deficits involves the assessment of movement and 

identification of missing movement components followed by practice of the missing 

components by tihe patient. Thus the Motor Learning approach requires the 

identification and re-education of specific kinematic components of a movement for 

each individual subject (Carr and Shepherd, 1989a). Although the implemented 

practice regime was aimed at addressing a specific problem common to all the stroke 

patients recruited to the study, no attempt was made to identify and address specific 

kinematic problems in each individual subject. It could be argued that the failure to 

identify and address specific kinematic problems and to provide adequate knowledge 

of perfonnance limited the required modification of movement patterns, and thus 

restricted changes in motor performance and, consequently, motor learning.

19.3.2 The practice regime and the specified motor skills 

The lack of improvement in motor performance resulting from the practice regime 

may be related to the nature of the motor skills practised. The majority of studies 

reported in the literature have investigated the motor performance and learning of 

highly specific, discrete, novel tasks. In these studies, the discrete nature of the task 

means that the task to be learnt is synonymous with the task to be practised. 

However, in this study, the aim was to improve the sitting balance of subjects with 

stroke. Balance has been identified to be a multidimensional concept for which there 

is no universally accepted definition (see chapter 2). Loss of balance control in sitting 

has also been identified to have several presentations (Bobath, 1978, 1990; Davis, 

1985, 1990; Carr and Shepherd, 1989a,b, 1992; Ashbum, 1997). The 

multidimensional nature of balance and the variations in the presentation of problems
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with sitting balance mean that there was no one specific task that could be practised in 

an attempt to improve motor performance relating to sitting balance.

In order to increase the specificity of the tasks to be learnt, specific aims of the 

practice of sitting balance were defined (section 9.2.1). Despite the creation of clearly 

stated aims, based on the available literature, the nature of the practice required to 

meet these aims remained elusive. There was no evidence in the literature that 

indicated the specific nature of motor tasks to be practised in an attempt to meet the 

stated aims. Consequently, the practice regime that was constructed to meet the stated 

aims was developed through a process of scientific exploration. It could be argued 

that the lack of objective evidence relating the developed motor tasks included in the 

regime to the specified aims of the practice meant that the motor tasks practised were 

inappropriate to meet the aims of the practice. This would imply that the lack of 

change in motor performance and lack of motor learning could be due to the practice 

of inappropriate motor tasks.

A small, but significant, change Was detected in two of the outcome variables that 

were specific to the nature of the tasks practised. Although a change was measured, it 

was not apparent what the consequence of this change was. If the subjects were 
repeatedly practising a task that encouraged the use of an abnormal pattern of 

movement, this abnormal pattern of movement may result in detrimental changes to 

motor performance. Thus, while this study has demonstrated that the independent 

practice of the developed motor tasks has the potential to create small changes in 

motor performance, the importance of practising carefully selected and developed 

motor tasks has also been highlighted. It is proposed that exploration of the 

kinematics of the relevant movement, using objective measurement tools, may be 

necessary to ensure the development of motor tasks appropriate for independent 

practice.

The clinical symptoms that occur following stroke are dependent on the size and 

location of the area of disrupted blood supply, and the anatomical structures which are 

involved (Ryerson, 1996). Consequently the clinical symptoms of each individual 

subject with stroke will be different. Although it has been identified that a common 

problem following stroke is related to the maintenance of sitting balance (Brunnstrôm,
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1970; Lane, 1970; Bobath, 1978; Davies, 1985; Borello-France et al, 1988), the wide- 

ranging variations in clinical symptoms emphasise that the problems relating to sitting 

balance may not be synonymous in different subjects. The wide-ranging variations 

between individual subjects infer that the ability of each subject should be assessed 

individually, and personalised motor tasks to be practised should be identified for 

each individual. Alternatively, in the same manner in which patients can be classified 

according to the nature of the neurological lesion (Bamford et al, 1991), it is proposed 

that it may be possible to classify patients according to the specific presentation of the 

balance deficits in sitting. Further investigation of the nature and presentation of 

balance deficits in different subjects is necessary to address these proposals.

Interestingly, the study by Dean and Shepherd (1997) was relatively similar to this 

study, involving a training regime comprising reaching tasks aimed at improving 

sitting balance. Dean and Shepherd (1997) found beneficial changes in motor 

performance in the stroke patients in the practice group, reporting changes that 

included an increased distance of reach and an increase in the ground reaction force 

(GRF) under the affected leg during reaching and during rising to stand. However, a 

review of the study questioned the validity of several aspects of the study design, 

including die effects of researcher bias, the ability to generalise from these results and 

the lack of retention tests. Hence the results from the study reported by Dean and 

Shepherd (1997) have to be interpreted with care.

19.3.3 The practice regime and the environmental context 

Although the regime of independent practice was developed based on the evidence for 

optimal motor learning, it was not possible to address the overall context within which 

the practice regime was implemented. The patients involved in the study were all in

patients on a hospital ward. The activities of the patients during times other than the 

one-hour practice session, five days per week, were out with the control of this study. 

In relation to the time spent carrying out the regime of independent practice, the time 

spent in other environmental contexts and situations was substantially greater. 

Previous studies have identified, from systematic observation of patient activity, that 

out with periods of therapy stroke patients tend to participate in little activity and have 

low contact with hospital staff (Lincohi ct al, 1996).
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The patients all received “standard” physiotherapy and occupational therapy 

treatment, which was based on the Bobath Approach. Central to treatment based on 

the Bobath Approach is the manual handling of the patient by the therapist (Davies, 

1985). Subsequently treatment based on the Bobath Approach is therapist led, and the 

patient is a passive recipient of the treatment (Lennon, 1996). During the study, it 

was observed that the communication between the therapists and nursing staff was 

high, occurring frequently and involving comprehensive discussion of patients’ 

abilities. The therapists adopted an educational role, encouraging the incorporation of 

the principles of the Bobath approach into the nursing care of the patients. 

Consequently, with regards to the functional movement of patients, it could be argued 

that the interaction between patients and staff within the hospital environment 

primarily placed the patient into a passive role. The active role, necessitating 

motivation, attention and cognition, required for the process of motor learning, 

appears to contrast greatly with the passive role encouraged by the Bobath approach. 

The emphasis of the passive role of the patient within the hospital environment may 

not have been conducive to the active role necessary to promote optimal motor 

learning. Whether the incorporation of treatment based on the Motor Learning 

approach into an environment in which treatment was principally based on the Bobath 

Approach provided a suitable context for the promotion of optimal motor learning 

could be questioned.

It was observed that the physiotherapists frequently communicated the aims and 

objectives of the physiotherapy intervention based on the Bobath approach to the 

patients. Often by the time patients had achieved one-ntinute of independent sitting 

balance and had been recruited into the clinical study, there had been substantial 

contact between the physiotherapists and the patients. It could be argued that, at the 

time of recruitment into the study, the patients were familiar with the process of 

physiotherapy, as indicated by the Bobath approach. Subsequently, the active role 

encouraged by the regime of independent practice might have opposed the established 

and accepted views of physiotherapy treatment held by the patients. The aim of this 

study was to investigate a principle of treatment in which the Bobath and Motor 

Learning approach contrasted: the independent practice of functional tasks. However, 

the nature of the contrast between the Bobath and Motor Learning Approach may 

have indirectly influenced the outcome of this clinical study.
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The routine of the hospital ward prescribed that the standard therapy treatments 

occurred in the morning, followed by lunch and then either a period of rest or 

volunteer-led social activities before visitors arrived in the afternoon. This routine 

dictated that the only suitable time in which the practice regime could be carried out 

was between lunch and visiting time in the afternoon. During the study, it was found 

that, up until the time of recruitment into the practice group, the patients had generally 

been assisted into bed by the nursing staff for a rest immediately after lunch. This 

appeared to have become a routine for many of the patients involved in the practice 

regime, and this resulted in a high number of absences fi’om the practice regime. 

Patients often reported that they were tired at this time and requested not to attend the 

practice regime in order to rest in bed. The apparent necessity and / or desire to rest at 

this time decreased the attendance of the practice regime and could thus be argued to 

influence the outcome of this study.

The reasons for the apparent necessity and / or desire to rest during the afternoon may 

potentially have implications for the treatment of patients with stroke and for future 

research studies. Observations made during the study period indicated that the rest 

period during the afternoon might have become habitual for patients and nursing staff. 

However regular comments given by the patients in the practice group during the 

study period indicated that patients attributed their desire to rest during the afternoon 

to three main factors. These three factors were related to tiredness arising fi’om the 

relatively long standard physiotherapy treatment session attended immediately before 

lunch; to the consumption of a relatively large meal (the routine of the hospital being 

to provide the main meal of the day at midday); and to a lack of sleep during the night 

due to the noisy ward environment. The absences fi'om the practice regime, resulting 

firom patient tiredness, led to the speculation that the hospital and ward routine was 

not conducive to the addition of a regime of independent practice. It could be argued 

that in order to identify the optimal pattern of activity that would promote recovery 

following stroke, exploration of the hospital and ward routine and patient activity 

levels should be carried out.

During the time of the clinical study it was observed that attendance at the practice 

regime by the patients was often considered by the nursing staff and patients to be
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“additional”, or optional. In contrast, attendance at the standard physiotherapy 

sessions was generally viewed as a compulsory part of the daily routine. Patients who 

requested not to attend the standard physiotherapy sessions, but who were medically 

well enough to do so, were actively encouraged, and often persuaded, to attend by 

nursing, therapy and medical staff The process of the clinical trial necessitated the 

full explanation of the study background and aims, and provision of informed consent 

by the patient. In order to meet with guidelines for ethical approval, each patient who 

was requested to volunteer for the trial was informed that involvement in the trial was 

optional and that they could withdraw from the trial at any time without having to 

give a reason. Additionally, in the explanation of the study background, the 

information sheet that was provided to each subject (Appendix H) stated that the 

subject should not expect to notice any direct benefits from taking part in the study. 

Consequently, it could be argued that the research process involved in undertaking the 

clinical trial may itself have contributed to a reduction in the attendance of patients at 

the practice regime. Furthermore, while motivation and active participation are 

central to optimal motor learning (Schntidt, 1988, 1991; Magill, 1993), the act of 

explaining the study background may have served to reduce patient motivation thus 

adversely effecting the motor learning process.

The processes of ethical approval, the provision of information regarding the study 

aims by the researcher and the informed consent of volunteers are an essential part of 

any clinical trial. By their nature, clinical trials must generally be incorporated into 

an existing clinical environment and routine, and control over the environmental 

context will be limited. Observations made during this study suggest that the 

processes involved in executing a clinical trial and the environmental context in which 

this is done could adversely effect the outcome of the study. It is proposed that if the 

practice regime had been made a more cohesive and accepted feature of the hospital 

and ward routine, and that the “additional” or optional appearance of the study had 

been reduced, the attendance at the practice regime may have been greater.

19.3.4 Motor learning and patients with neurological deficits

The previous sections have discussed the lack of change effected by the independent 

practice on the majority of the Outcome variables, referring to the possible limitations 

in the implementation of optimal motor learning of sitting balance within the hospital
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environment. More fundamental than whether the practice regime and specified motor 

tasks were appropriate to gain motor learning relating to sitting balance is the question 

of whether the patients retained the ability to re-leam motor skills through the process 

of practice and feedback.

This study did detect a small, but significant, change in the measured outcome of 

patients in the practice group, providing limited evidence that independent practice 

effected changes in the motor performance of patients with stroke. This finding is 

supported by neurophysiological evidence that suggests that motor performance in 

individuals with neurological damage occur through mechanisms associated with 

motor learning (Dobkin, 1993; Devor, 1994; Lee and van Donkelaar, 1995; 

Rosenzweig and Bennett, 1996; Seitz and Freund, 1997). However, the results of this 

study also highlight that changes in motor performance may not necessarily be 

obviously beneficial to function. Further research, investigating the effects of practice 

and feedback based on scientific evidence, is essential to determine the motor learning 

ability of patients with neurological deficits.

19.4 The outcome variables

It has been identified that there are no global methods of measuring balance (Horak, 

1987; Berg, 1989), and that many available methods are aimed at assessing different 

aspects of balance (Berg et al, 1989; King et al, 1994). There was therefore no one 

accepted measure of balance that could be used to assess the effect of the independent 

practice. As a result of this, the outcome variables recorded in this study were 

developed specifically for the assessment of the independent practice. It must 

therefore be challenged whether the outcome variables measured were appropriate 

valid and sensitive assessors of changes occurring as a result of the practice regime. 

In response to this challenge, it is necessary to explore the outcome variables with 

reference to the aimed effect of the independent practice.

The selection of the outcome variables with which to assess the effect of the 

independent practice was determined in relation to the 3 specified aims of the practice 

(see section 9.2.1 )>

1. The maintenance and achievement of appropriate symmetrical alignment in sitting 

were assessed by measuring the symmetry of weight distribution during quiet
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sitting and by measuring the symmetry of weight distribution during quiet sitting 

immediately following voluntary movement of the COM within the BOS (lateral 

reaching).

2. The ability to cope with the effects of gravity and make appropriate balance 

adjustments while sitting were assessed by measuring the symmetry of movement 

during the functional activities of rising to stand and sitting down. Rising to stand 

^ d  sitting down both involve coping with the effects of gravity during the 

movement to or from sitting (Pai et al, 1994), and require appropriate balance 

reactions during the movement of the COM between two bases of support (Berger 

et al, 1989a,b; Pai and Rogers, 1990; Carr, 1992; Hughes et al, 1994; Hanke et al, 

1995).

3. The control of body alignment during maximal voluntaiy shifts of the COP was 

assessed by measuring the weight transference during a maximal lateral reach to 

either side.

Thus, although there is no accepted method of assessing aspects of sitting balance, it 

is proposed that the outcome variables used in this study were appropriate to the aims 

of the intervention and would have been sensitive to any changes in the sitting balance 

resulting from the practice regime.

19.5 The study design

Having discussed whether the implemented regime of practice had the potential to 

create changes in sitting balance and whether the recorded outcome variables were 

appropriate and sensitive to changes in outcome, it is also pertinent to address whether 

the study design was appropriate to the research questions.

19.5.1 Sample size

This study was designed as an initial, investigative, study and subsequently the 

number of subjects included in the study was limited. The restricted number of 

subjects created limitations in the ability to analyse and generalise from the recorded 

data. The limited number of subjects was further confounded by the number of 

subjects who were unable to perform tasks and by the number of subjects who were 

discharged during the study period. Additionally, the large degree of variation
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between the outcome measures from the hemiplegic subjects reduced the chances of 

small differences between the control and practice group being detected.

One of the aims of a small-scale study is to identify the sample size that will be 

necessary to detect changes in future studies. The minimum number of subjects 

required in each group can be determined, based on the expected variation in the 

functional ability score (score derived from the combined outcome measures). The 

equation for identifying the minimum number of subjects in each group, assuming 

that the size, n, of each group is equal, is (Bland, 1995):-

n = (f(a,P) X (within group SD)  ̂x 2) / (difference to detect) ̂

The standard deviation of the functional ability score was approximately 3.8. With a 

probability, F, of 0.80 of identifying a change, and a significance level, a , of 0.05, 

f(a,P) is 7.9 (Bland, 1995). Thus, the number of subjects can be determined by using 

these figures and a value for the “difference to detect”.

No accepted methodology could be found for defining the value of the “difference to 

detect”. Replacing the “difference to detect” value with a number of different values 

demonstrates the limitations of the process of determining sample size. For example, 

detecting a difference of 1 point on the FAS scale would require a minimum of 228 

subjects in each group. This would mean that this study only included approximately 

6% of the necessary study numbers. However, detecting a difference of 4 points on 

the FAS scale would only require a minimum of 14 subjects in each group. This 

study, which included 28 subjects, would therefore have had an adequate sample size.

The aim must be to use a number that would detect a change in ability that would be 

clinically relevant. It could be argued that an appropriate methodology would be to 

determine the number of subjects required to detect a specific percentage change in 

the FAS. To detect a 10% change in the FAS would therefore involve detecting a 

difference of 2.8 points. Calculating the number of subjects required in each group to 

detect a 10% (2 8 points) difference -
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%=> n = (7.9x3.8^x2)/2.8^ 

c=>  n = 29.1

Thus, to detect a minimum of a 10% difference in the FAS would require a minimum 

of 29 subjects in each group. Hence, 58 subjects would be required in the study.

However, it could also be argued that the difference to detect should be based on the 

results obtained from this study. For example, an observable difference was detected, 

during test week 2, between the median scores of FAS of the control group and 

practice group who had completed 7 test weeks (Figure 16.4). The difference 

between the median scores of the control group and practice group during this week 

was 3.5 points (Table 16.7). Calculating the number of subjects tequired to detect an 

observable difference (3.5 points):- 

o  n = (7.9x3.8^x2)/3.5^ 

i= >  n =  18.6

Thus, to detect a difference of 3.5 points a minimum of 19 subjects would be required 

in each group. 38 subjects would therefore be required in the study.

While it is acknowledged that the process of determining the required sample size can 

readily by manipulated by substituting different numbers, this process is useful for 

assisting the design of future studies. The finding that 58 subjects should detect 

changes of 10% of the FAS and that 38 subjects should detect a difference that was 

observed in this study leads to the proposal that sample sizes of between 38 and 58 

subjects would produce clinically relevant results.

19.5.2 Control and intervention group

During this study, blocked randomisation was used to assign the subjects to the 

control or practice group. Assessing the ratio of subjects in each group with different 

independent variables illustrated that there were inequalities between the groups. The 

gender distribution was very uneven, with the practice group comprising only 

females. There were no associations found between gender and the majority of 

outcomes for the healthy subjects, and subsequently the inequality between the groups 

was unlikely to influence the differences between the control and practice group for 

these variables. However, there was an exception to this and a low, but significant, 

association was found between gender and the time taken to reach across to the
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opposite side for the healthy subjects, indicating that the inequality of gender 

distribution between the groups could have potentially influenced the results of this 

study.

The ratio of subjects with left and right hemiplegia was approximately equal in the 

control group, while there was a greater proportion of subjects with left hemiplegia in 

the practice group. A distinct difference was observed between the functional ability 

scores of subjects with left and right hemiplegia with the functional ability of subjects 

with right hemiplegia being greater than that of subjects with left hemiplegia. The 

uneven distribution of subjects with left and right hemiplegia between the groups 

could therefore potentially have influenced the results, and the lack of differences 

between the groups could be related to the predominance o f patients with left 

hemiplegia in the practice group. Kimura (1977) and Haaland et al (1987) found that 

the motor performance of a novel, abstract, upper hmb task was lower for patients 

with left hemiplegia than right hemiplegia, supporting the finding of this study.

The inequality in the proportion of subjects with different independent variables 

between the groups could be attributed to the low number of subjects, and with a 

larger study the probability of inequahties occurring would have been reduced. 

However, the observed differences between subjects with left and right hemiplegia, 

and the potential for differences between subjects with different stroke classifications, 

lead to the question of whether it would have been appropriate to carry out stratified 

randomisation to prevent uneven distribution. Future studies should consider the use 

of stratification during the design of the study.

The blocked random assignment of subjects to either a control or intervention group 

involved no change to the standard therapy provided to patients, and the intervention 

took the form of additional therapy. Studies reported in the literature are often limited 

due to the failure of the researchers to define factors relating to “standard” or 

“conventional” therapy (e.g. Stem et al, 1970; Logigian et al, 1983; Dickstein et al, 

1986; Basmajian et al, 1987; Lord and Hall, 1990; Brunham and Snow, 1992; 

Sunderland et al, 1992). Ethical considerations prevented the use of a control group 

that received no therapy intervention. It is proposed that the research design adopted 

in this study was suitable for the investigation of clearly defined interventions and
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would be appropriate for the investigation of interventions other than independent 

practice.

19.5.3 External validity

A potential limitation of the study design was the involvement of the researcher in 

both the implementation of the intervention and the measurements, and the knowledge 

of the researcher of the groups of the subjects being tested. It could be argued that the 

expectations of the researcher could have influenced the results of the measurements 

of functional activity (the “Rosenthal effect”). In order to reduce the potential 

expectancy effect, standardised procedures were identified and adhered to during all 

tests. The objective nature of the measurement system limited the ability for the 

results to be influenced by the researcher. There would have been greater scope for 

the influence of the expectancy effect during the subjective assessment of functional 

ability. To remove this effect, the Barthel Index that was routinely collected by the 

nursing staff was recorded as a measure of functional ability. Although the group of 

the subjects may have been known by the nurse assessing the Barthel Index, the 

nursing staff were not involved with the study in any way, were unaware of the aims 

and objectives of the study, and were not considered to have any expectations 

pertaining to the clinical trial.

The patients in the practice group received attention from the researcher, and 

participated in a group practice session. No specific alternative attention was given to 

the control group. This difference in attention could potentially have influenced the 

behaviour of the subjects (the “Hawthorne effect”). However, it could be argued that 

the attention and interaction with other practice group subjects was a realistic effect of 

independent practice. It was acknowledged that the attention and interaction provided 

to the practice group subjects could potentially have influenced the study results, and 

future research should address this issue.

The physiotherapists and occupational therapists providing the standard treatment 

were not blind to the groups of the patients in the study. The expectations of the 

physiotherapists treating the patients could therefore have influenced the treatment 

provided to each palienl. The confhct between the Bobath approach, on which the 

standard treatment provided by the physiotherapists was based, and the independent
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practice, which the practice group subjects undertook, could be argued to encourage 

the formation of expectations. It was acknowledged that the expectations of the 

therapists treating the patients could potentially have resulted in changes to the 

treatment given to patients and thus influence the study results. The lack of 

standardisation of treatment and documentation of treatment prevented the specific 

assessment of the treatment provided to the patients. The limited resources and the 

environmental context of this study prevented the physiotherapists fi"om being kept 

blind to the study groups of the patients. However future studies should attempt to 

reduce the potential influence of the expectations of the physiotherapists providing the 

standard treatment.

19.5.4 Experimental design

The experimental design adopted for this study was a randomised controlled design. 

The randomised controlled design is accepted as a methodology for the establishment 

of causality (Bryman and Cramer, 1990). Within the clinical setting the randomised 

controlled trial (RCT) is established as a powerful research process for identifying 

optimal patient care (Begg et al, 1996). The theory of random assignment of subjects 

to a control or intervention group is that, due to probability, the members of the two 

groups will end up as similar as possible. However, this study demonstrated that, due 

to chance, 100% of the male subjects were assigned to the control group. Although 

this study used a blocked randomisation procedure, where every subject had a 2:1 

chance of being assigned to the control group, each subject had an equal probability of 

being assigned to the control group. Thus, through probability, the members of the 

control group and practice group groups should have been similar. The probability of 

obtaining similar members in two groups increases as the sample size increases. The 

sample size in this study was relatively low (n=28), thus reducing the probability of 

achieving similar groups. Although it was proposed earlier (section 19.5.2) tiiat 

stratified randomisation might have provided a suitable methodology for achieving 

similar groups, there would be a limit to the number of features that could 

successfully be controlled for. For example, in a study such as this, patient 

characteristics such as age, gender, side of hemiplegia and stroke classification could 

all potentially have influenced outcome. It would not have been feasible to stratify 

the sample according to each of these variables.
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All available volunteers from a designated stroke unit were randomised into this trial 

over a 10-month period. Achieving a larger sample size would therefore have had 

substantial resource implications, necessitating a longer time period for the trial or a 

multi-centre trial. For this study, where there was a lack of previous research on 

which to base the experimental design, the intervention and the measurement 

techniques, a larger scale study, with the associated resource implications, was not 

indicated. However, the limitations found during this small scale RCT indicate that 

the RCT may not be the most appropriate study design when sample sizes are low. 

Begg et al (1996) stated that reviews of RCT have identified that a large majority of 

clinical RCTs had too few subjects to permit firm conclusions to be drawn. It must be 

questioned whether small scale RCTs are appropriate research methodologies, and 

whether there are suitable alternatives.

Single-subject designs can be useful in the investigation of the clinical effectiveness 

of a particular intervention on an individual subject (Polgar and Thomas, 1988). The 

large variations between subjects, and the potential for change to occur without the 

addition of independent practice, would make the use of a single subject ABAB 

design inappropriate. However, rather than the blocked randomised design, an 

alternative study design could involve the instigation of the additional therapy to all 
the patients within a stroke unit for a stipulated length of time: the intervention phase. 

During the control phase no additional therapy would be provided. Measures of 

outcome would be recorded during both the intervention and control phases. This 

could be described as a longitudinal ABAB design, where the A and B phases are 

blocks of time, and none of the patients on the stroke unit carry out independent 

practice during the A phases (control), and all of the patients carry out independent 

practice during the B phases (phase). Although this study design has disadvantages 

relating to the possibility of influences from changes other than the intervention, such 

as changes to the standard treatment provided to patients, the design also has a 

number of advantages. This study design might prevent the patients in the different 

groups from feeling “different” as neither would be aware of each other. It would 

therefore be possible to address issues relating to the environmental context and times 

in the daily routine in which the independent practice was carried out; and there 

would be no restrictions relating to the effect on the control group if the independent 

practice was carried out within the ward. This study design would also remove the
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need for randomisation procedures and for the consideration of stratified samples. It 

is proposed that future studies should consider using an ABAB design, rather than the 

RCT design adopted in this study.
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20. Clinical Implications

20.1 Introduction

The aims of this study were to explore the recovery of aspects of balance in patients 

with stroke, through comparison of patient data with “normative” values, and to 

investigate the effect of independent practice by patients with recently acquired stroke 

on the achievement of specified goals. The specific aspects of balance explored, and 

the aims of the independent practice, were related to the achievement of normal 

symmetry of weight distribution during posture and movement. This chapter 

highlights the clinical implications of this study, with specific reference to the 

assessment and physiotherapy intervention for patients with acute stroke. The direct 

inferences pertaining to current physiotherapy intervention arising fi’om this study are 

stated.

20.2 Assessment of patients with acute stroke

20.2.1 Balance and symmetry

An extensive review of the literature identified that the mean symmetry of weight 

distribution during posture and movement was an appropriate aspect of balance to be 

investigated during the assessment of patients with acute stroke. This study 

concluded that there was no change in the mean symmetry of weight distribution 

during sitting, standing, rising to stand or sitting down, or any change in the 

magnitude of weight transference during reaching firom sitting, during a period of in

patient rehabilitation. The functional ability, as assessed using the Barthel Index, of 

the patients improved, indicating that there was no relationship between symmetry of 

weight distribution during posture or movement and functional ability. The lack of 

relationship between measures of symmetry of weight distribution and functional 

ability challenges whether the selection of symmetry of weight distribution as a 

measure of balance was appropriate for this patient group. It was identified in the 

review of the literature that postural control was the process of the maintenance of 

balance. Horak (1987) emphasised that the measurement of postural control should 

consider the “appropriateness and efficiency of movement strategies used to achieve 

that equilibrium position”. Although the measurement of symmetry of weight
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distribution was identified to be a pertinent aspect of balance, the use of this outcome 

measure could be argued not to include appropriate assessment of the strategies of 

postural control.

It was identified, firom the literature, that the achievement and maintenance of 

symmetry of weight distribution during posture and movement was a key aim of 

physiotherapy treatment for patients with acute stroke. This study demonstrated that 

this was not achieved during physiotherapy treatment, although the functional ability 

of patients improved. This evidence suggests that the achievement and maintenance 

of symmetry of weight distribution may not be an appropriate aim of treatment, and 

that consideration of other aspects of balance and the movement strategies adopted 

may be necessary in order to determine appropriate aims and measures of outcome 

following stroke. Further research is required to investigate the association between 

symmetry of weight distribution during posture and movement and aspects of balance, 

postural control, and functional ability.

20.2.2 Measurements of outcome following stroke

The Barthel Index is a subjective rating score that is fi'equently used both in clinical 

and research environments to assess the functional ability of patients with stroke 

(Wade and Langton-Hewer, 1987; Tumer-Stokes and Tumer-Stokes, 1997). This 

index was routinely assessed and reported within the stroke unit used in this study. 

Over the 6-week study period the Barthel Index exhibited an upward trend for the 

majority of the stroke patients. A positive association, with a low correlation, was 

found to exist between the Barthel Index and the functional ability score (FAS) 

derived fi'om the objectively measured outcome variables. However, exploration of 

the trends over time of the individual outcome variables indicated that there were no 

apparent trends in the outcome variables relating to sitting or reaching. The trends 

that existed in the outcome variables relating to standing, rising to stand and sitting 

down were found to be directly associated with the number of subjects who were 

unable to perform the function, and there was no apparent trend in the outcome 

variables of the subjects able to perform the function. The lack of trend in the ability 

of subjects indicates that the overall upward trend in the FAS was due to an increase 

ia the number of Subjects able to Stand, rise to stand and sit down rather than in 

improvements in the ability to perform these tasks within the normal range. This
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indicates that the correlation between the Barthel Index and the FAS only occurs due 

to the weighting within the FAS of the ability to perform these tasks.

It is essential that questions relating to the validity of the FAS and to the relative 

weighting of the different outcome variables included are addressed. The evidence 

from this study suggests that there was no tendency for improvement in the ability of 

the hemiplegic subjects to perform sitting, standing, rising to stand, sitting down and 

reaching within the normal range. The aims of physiotherapy are generally for the 

ability of subjects with hemiplegia to become more like the ability of healthy subjects. 

This study suggested that these aims, as related to the measured functions, were not 

met during 6 weeks of physiotherapy following acute stroke. Hence it appears that 

the Barthel Index score can improve regardless o f whether the specific aims o f 

physiotherapy intervention are met. The apparent ability for the Barthel Index score 

to improve despite no improvement in the achievement of physiotherapy goals 

indicates that the Barthel Index may not be a suitable tool for the assessment of the 

aims of physiotherapy. This argument must be viewed in light of the earlier 

discussion pertaining to the appropriateness of the use of the mean symmetry of 

weight distribution as a measure of outcome following stroke. It could be propounded 

that the Barthel Index may be related to measures of balance other than the mean 

symmetry of weight distribution during posture and movement.

The suggestion that the Barthel Index may not be an appropriate measure of outcome 

following stroke is supported by Miyai et al (1997), who proposed that the lack of 

sensitivity in the Barthel Index resulted in non-significant results in studies of 

functional outcome. Future studies of physiotherapy intervention must consider the 

association of the Barthel Index to the treatment effect being investigated, and must 

not assume that this index provides a valid assessment of changes occurring as a result 

of physiotherapy intervention. It is proposed that it may be appropriate to include 

other functional measures in the assessment of functional ability in addition to or 

instead of the Barthel Index

The suggestion that the changes in the FAS and the Barthel Index are due only to 

changes in functional ability, and not due to any changes in the ability to maintain 

postures or move within the normal limits, implies that functional ability may not be
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related to the ability to perform tasks within the normal limits. This suggestion is 

supported by Nichols et al (1996) who found no correlation between the FTM score 

and measures of the symmetry of weight distribution or ability to weight shift in 

sitting. However, several studies contradict these findings, demonstrating 

relationships between the symmetry of posture and movement and measures of 

fimctional ability. Sackley (1990) reported correlations between the symmetry of 

weight distribution during stance and motor fimction and activities of daily living, and 

Sackley (1991) found a significant relationship between the symmetry of weight 

distribution during stance and the length of hospital admission. Engardt et al (1993) 

found a strong correlation between the symmetry of weight distribution during rising 

to stand and sitting down and the fimctional ability of patients with hemiplegia; and 

Durward (1994) reported a low correlation between the symmetry of weight 

distribution during rising to stand and sitting down and clinical gait assessment. 

Further research is essential to determine whether “normal” posture and movement is 

related to fimctional ability after stroke.

Subjective assessments are often the primary measures of outcome used in the clinical 

setting (Tumer-Stokes and Tumer-Stokes, 1997). The results of this study suggest 

that subjective assessments may not be appropriate for the assessment of the 

achievement of the goals of physiotherapy. It is argued that future research studies 

should use outcome measures that are accurate and precise, and are directly related to 

the aims of the study. While subjective assessments could potentially be valuable in 

the clinical environment, care has to be taken in the generalisation of these 

assessments. This study has demonstrated that objective measurement systems can be 

quick and easy to use in the clinical setting and may provide information that is highly 

relevant to the specific goals of physiotherapy. It is proposed that the clinical 

measurement system used in this study could be an appropriate objective 

measurement tool for the routine assessment of patients with stroke in the clinical 

setting. However, before the measurement system used in this study can legitimately 

be incorporated into the routine assessment of patients with stroke, further research is 

required in order to ascertain the appropriateness of measurements of the symmetry of 

weight distribution to the outcome of patients following stroke.
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20.2.3 The clinical measurement system

It has been identified in the literature that patients with acute stroke can present with a 

wide range of sensori-motor deficits (Wade et al, 1985b). Problems relating to the 

control of balance have been proposed as common (Knott and Voss, 1968; 

Brunnstrom, 1970; Bobath, 1978, 1990; Davis, 1985, 1990; Carr and Shepherd, 

1989a, 1992; Ashbum, 1997), with problems with balance during specific postures 

and movement being highlighted by many authors. Despite the apparent acceptance 

that problems with balance are very common in the patient with acute stroke, there are 

few assessments described that can provide objective evidence relating to deficits in 

balance and that are suitable for use in the clinical setting. The objective clinical 

measurement systems that are available primarily concentrate on the assessment of 

balance during stance. Although aspects of balance in stance have been identified as 

problems following acute stroke, it can be argued that tools that are only capable of 

assessment of balance during one posture are of limited use in the clinical setting. 

The measurement system used in this study was designed to be suitable for use in the 

clinical setting and to provide accurate and precise objective assessment of aspects of 

balance in a number of different postures and movements in patients with acute 

stroke.

A series of calibration checks were carried out to determine the accuracy and 

precision of the measurement system used in this study. These checks demonstrated 

that the measurement system had a high degree of accuracy and precision.

The measurement system used in this study had previously been used in a clinical 

setting (Durward, 1994). However, all the patients involved in the clinical study 

carried out by Durward (1994) had the ability to ambulate, either independently or 

with assistance, and to mobilise on to the platform and into the chair. The physical 

dysfunction of the patients involved in this study was greater than in the study by 

Durward and, at entry into the study, none of the patients had the ability to walk, with 

or without assistance. Subsequently tiie patients had to be assisted to transfer fi-om a 
wheelchair into the measurement chair. Due to the height of the measurement 

platform, the wheelchair had to be manoeuvred on to a second platform adjacent to 

the measurement system in order to allow the transfer to take place. While this
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system was satisfactory for the duration of the study period, a permanent extension to 

the measurement platform, including a wheelchair ramp, would assist in the ease of 

use of this system within the clinical setting. In addition, the incorporation of an 

extended platform with ramp might make the use of a mechanical hoist possible to 

transfer heavy or more severely disabled patients. Patients requiring to be transferred 

with a hoist could not be included in this study.

During the assessment of standing, rising to stand and sitting down of some of the 

more disabled patients the tester required an assistant to ensure patient safety. The 

necessity for the tester to return to the computer in order to initiate a new test at times 

placed limitations on the testing procedure as the patient was unable to remain 

standing independently during this process. Although recording could be started with 

the hand-held switch, the ability to operate more functions with a hand-held switch 

would have been beneficial to the use of the system in the clinical setting.

For one subject in the clinical trial, tests of standing, rising to stand and sitting down 

could not be assessed. This subject was able to achieve these tasks, but was unable to 

maintain his feet on the foot measuring sections during these tasks. Other subjects 

required prompting or repeated tests to ensure that the feet were kept on the 

measurement sections during the tests. Larger force measuring sections within the 

platform of the measurement system might assist in the ability to assess standing, 

rising to stand and sitting down with this patient group.

However, in general, the measurement system was found to be suitable for use in the 

clinical setting and for use with patients with severe physical disabilities. It is 

proposed that this measurement system could be useful for future clinical research 

studies and also for routine use by physiotherapists to attain objective measures of 

patient outcome that are specific to the goals of treatment.

20.2.4 Data presentation and clinical assessment

The symmetry and time variables derived from the measurements in this study were 

ratio data. However, during the analysis of data a procedure was utilised to convert 

the ratio data into ordinal data. The categories o f “normal”, “abnormal” and *hinable”
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were defined, based in the results of data fi-om healthy subjects. The patient data was 

then categorised as “normal”, “abnormal” or “unable” for each task assessed.

The conversion of ratio data into ordinal data is not a process that is commonly found 

described in the literature for the assessment of fimction. Hamrin et al (1982) 

presented data that had been converted in a similar manner. Hamrin et al (1982) 

assigned a ranked score (1,2 or 3) to ratio data collected fi-om a force platform during 

a test of standing balance. In the review of the literature, the data presentation used 

by Hamrin et al (1982) was criticised, as the method of assigning ranked scores was 

not explained and the presentation lost the advantages of the sensitivity of the ratio 

data. The only explanation of the assignment of ranked scores was:

“with the help o f the recording the standing balance was estimated, 

using a maximum score of 3 (normal or nearly normal balance).”

No further definitions were provided. Although the use of ranked data, rather than 

ordinal data, could be challenged, with a clear and concise definition of the method of 

converting the ratio data based on accepted statistical processes, it could be argued 

that the conversion of ratio data to ordinal data could be a statistically valid procedure. 

This process of analysis was found to be extremely valuable in this study, resulting in 

unequivocal presentation of data and providing data suitable for statistical analysis 

(using the Chi-squared test).

A common aim of physiotherapy treatment is to return a patient to having “normal” 

movement. “Normal”, although rarely defined, generally refers to movement that is 

within the limits of movement carried out by the healthy population. The presentation 

of ratio data can be extremely informative, providing details pertaining to the quality 

of movement and allowing changes within and between subjects to be identified. 

However, interpretation of ratio data could be argued to be more difficult than the 

interpretation of simple, clearly defined, ordinal data. A physiotherapist presented 

with a symmetry index value would have to make a judgement regarding the meaning 

of the value to a patient’s ability. In contrast, the classification of a patient’s ability as 

“normal”, “abnormal” or “unable” would be unequivocal and have direct relevance to 

the goals of physiotherapy.
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The presentation of ordinal data does have a number of disadvantages, such as the 

lack of ability to detect small changes in patient ability, and ratio data has an 

important and irreplaceable role in the assessment of patient ability. However, it is 

argued that the conversion of ratio data to ordinal data can be advantageous, providing 

objective data that has high clinical relevance and that is easy to interpret.

20.3 Physiotherapy for patients with acute stroke

20.3.1 Independent practice as an addition to physiotherapy intervention

This study found that there were no benefits relating to the addition of a regime of 

independent practice to physiotherapy intervention based on the Bobath approach. No 

evidence can therefore be proposed for any change to current clinical practice. It has 

been proposed that the independent practice, based on the motor learning theories, had 

a number of limitations that prevented the promotion of optimal motor learning. 

Problems and limitations relating to the independent practice have been discussed in 

section 19.2. It has been identified that the practice regime did not meet with all tiie 

criteria for optimal motor learning and that the number of repetitions and practice 

sessions may have been inadequate. Thus, although it has been demonstrated that the 

independent practice carried out by patients in this study was ineffectual at aiding 

recovery, this study is unable to conclude that the Motor Leammg approach is 

ineffectual if appropriately applied.

In order to increase the methodological rigour of this study, the intervention 

(independent practice) was highly standardised. The clinical relevance of the 

application of a standardised regime of practice, with no direct physiotherapy 

supervision, must be challenged. The Motor Learning approach emphasises that 

individual tasks should be assessed and evaluated; problems identified and missing 

components practised (Carr and Shepherd, 1989b, 1990, 1992). The use of the 

standardised practice regime in this study prevented the incorporation of assessment 

and identification of problems for individual patients. In addition, the Motor Learning 

approach advocates continuous assessment o f the motor performance of individual 

patients so that the practice of tasks can be progressed as motor performance 

improves. While the practice regime used in this study included progression relating 

to the distance and height of reaching, the use of the standardised practice regime
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prohibited assessment and subsequent progression of the motor tasks performed by 

individual patients. Thus, although in terms of study design and methodological 

rigour the application of a standardised practice regime to the entire study population 

was advantageous, it must be challenged whether the standardisation was clinically 

appropriate.

Although it was identified from the literature that the Bobath approach and the Motor 

Learning approach differed in respect of the support for independent practice, the 

degree to which the practice promoted by the Motor Learning approach is truly 

“independent” may be debated. If patients practice tasks, without the continuous 

physical guidance advocated by the Bobath approach, but with physiotherapeutic 

supervision, the provision of feedback and the continuous progression of motor tasks, 

can the practice truly be described as “independent”? The theories pertaining to the 

optimal acquisition of motor skills, on which the Motor Learning approach is based, 

do highlight the importance of feedback and providing the learner with the “idea” of 

the movement to be achieved. Whether the use of “independent” practice as adopted 

in this study successfully fiilfilled the aims of clinical practice as advocated by the 

Motor Learning approach must be challenged.

During this study the intervention (independent practice) was administered as an 

addition to the “standard” physiotherapy treatment that patients received. The 

standard physiotherapy treatment was based on the Bobath approach. It has been 

proposed (section 19.3.3) that the provision of the independent practice as an addition 

to the treatment based on the Bobath approach, may not have been a suitable 

methodology for the investigation of the effect of independent practice. If, as 

previously suggested, the nature of the contrast between the Bobath and Motor 

Learning approaches result in incompatible treatment strategies the legitimacy of 

physiotherapists adopting a combination of treatment techniques may be challenged. 

Further investigation to determine the effect of administering treatment based on one 

approach as an “addition” to treatment based on another approach is required.

20.3.2 Physiotherapy and the achievement of “normal” posture and movement

Regardless o f the approach to physiotherapy, the aims o f treatment are generally for 

patients to return to having “normal” posture and movement. The feilure for this goal
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to be achieved, as found in this study, challenges whether this is a realistic goal of 

treatment. Although neurophysiological theories of recovery and plastic changes 

following neurological damage suggest that structural reorganisation of the CNS can 

occur (Dombovy and Bach-y-Rita, 1988; Dombovy, 1991; Devor, 1994; Good, 1994; 

Dlis, 1994), the degree to which the functioning of the individual can beneficially 

change remains unknown (Bach-y-Rita, 1981b; Dombovy and Bach-y-Rita, 1988; 

Dombovy, 1991). Thus, although neurophysiological evidence exists that changes in 

functional ability can occur despite damage to areas within the CNS, whether the 

changes in functional ability will be sufficient to return the individual to entirely 

“normal” functioning has not been established. This study demonstrated that patients 

with neurological damage gained the ability to perform certain functions over time, 

but that there was no change in the abihty to perform those functions within the 

“normal” range. This suggests that while plastic changes may act to enable patients to 

carry out functional activities, this process appears to involve adaptation that allows 

the function to be carried out, but not necessarily within the “normal” range. If it is 

not possible, due to the neurophysiological mechanisms of recovery, for patients with 

stroke to regain “normal” posture and movement, this implies that the current aims of 

physiotherapy intervention are unachievable. In contrast, if the neurophysiological 

mechanisms of recovery can occur to the extent of allowing patients with stroke to 

regain “normal” posture and movement, this implies that the current physiotherapy 

interventions are ineffectual at obtaining these goals.

Durward (1994) also concluded that the aims of achieving normal movement and 

posture following stroke were not achieved, and proposed that this could be due to 

intrinsic factors relating to patient motivation. Durward (1994) proposed that 

“it is possible that patients adopt a pragmatic approach to recovery and 

are less concerned with the 'nuances’ of motor performance such as 

symmetry. This underlying attitude may account for the lack of 

change in performance.”

The proposal by Durward suggests that the failure of the physiotherapy intervention is 

due to a lack of motivation on the part of the stroke patients to attain “normal” 

movement. This implies that physiotherapists must not only consider whether the 

goal of “normal” movement is realistic in terms of the neurophysiological 

mechanisms involved but also whether the goal of “normal” movement is meaningful
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and desirable to the patient. DeSouza (1983) also questioned whether 

physiotherapists provided goals which motivated patients with stroke. It may be that 

the attainment of “normal” posture and movement is not meaningful or important to 

an individual following stroke: the achievement of “optimal” posture and movement, 

taking into account the specific neurological damage and sensori-motor dysfunction 

of that individual may be a more appropriate, relevant and meaningful goal.

The lack of achievement of “normal” movement can lead to the proposal that the aim 

of achieving “normal” posture and movement may be inappropriate. The goal of 

achieving normal patterns of posture and movement is central to the Bobath approach 

(Davis, 1985; Bobath, 1990). Thus the suggestion that the aim of achieving “normal” 

posture and movement is inappropriate challenges the fundamental basis of treatment 

based on the Bobath approach. Conversely, if the aim of achieving “normal” posture 

and movement is assumed to be an appropriate goal, the lack of change demonstrated 

in this study challenges the effectiveness of treatment based on the Bobath approach. 

Hence, regardless of the appropriateness of the goal of achieving normal posture and 

movement, the results of this study dispute whether the Bobath approach to 

physiotherapy is effectual in the treatment of patients with stroke. This contention 

hi^ igtits tiie necessity for investigation of the efficacy of the Bobath approach, 

which is -  in turn -  reliant on the provision of adequate up-to-date written material 

pertaining to the approach.

20.3.3 The efficacy of current physiotherapy intervention 

Assuming that the achievement of normal symmetry of posture and movement was an 

appropriate goal, then the results of this study imply that the current physiotherapeutic 

interventions may not be efficacious at achieving this goal. Thus the results of this 

study imply that physiotherapy for patients with stroke may not promote optimal 

recovery. The available neurophysiological evidence indicates that functional 

recovery following neurological damage occurs through plastic mechanisms involving 

the same processes as learning new motor skills (Dobkin, 1993; Devor, 1994; Lee and 

van Donkelaar, 1995; Rosenzweig and Bennett, 1996; Seitz and Freund, 1997). 

Although there are a number of different physiotherapy approaches for the treatment 

o f patients following stroke, it has been identified that the evidence given in support 

of the different approaches is often the same (Leimon, 1996). At present there is
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substantial evidence that suggests that no one treatment approach is more beneficial 

that the other treatment approaches (Stem et al, 1970; Logigian et al, 1983; Dickstein 

et al, 1986; Lord and Hall, 1986; Basmajian et al, 1987; Ernst, 1990; Wagenaar et al, 

1990; Gelber et al, 1995). The results of this study are unable to refute this evidence 

and, in addition, this study is unable to demonstrate any specific benefits of either of 

the physiotherapy approaches investigated in the achievement of the goal of “normal” 

weight distribution during posture and movement. It is imperative for the provision of 

treatment able to promote optimal recovery that physiotherapy intervention 

incorporates all the available scientific knowledge and relates this to both the aims 

and the practice of physiotherapy.

20.4 Direct inferences of study resuits to ciinicai practice

The results of this study have led to discussion and comment relating to the 

assessment and treatment of patients with acute stroke. The extent to which the 

results of this study directly indicate and support changes to current clinical practice 

must be highlighted.

This study found that the addition of a regime of independent practice, aimed at 

improving sitting balance, to standard physiotherapy intervention resulted in no 

observed or measured changes in patient performance or outcome. Thus the results of 

this study do not support the independent practice of motor tasks as an addition to 

standard physiotherapy intervention by patients with stroke. No direct inferences can 

be made from the results of this study relating to the physiotherapy treatment given to 

patients with recently acquired stroke

Measurements of the symmetry of weight distribution during sitting, standing, rising 

to stand and sitting down and the weight transference during reaching fi-om sitting 

indicated that there was no change in these parameters during the study period. The 

relatively low number of subjects in the study, the variation between subjects, and the 

failure to continue to collect data from patients discharged home during the study 

period limit the ability to generalise fi-om the results of this study to the wider 

population of patients with recently acquired stroke. In addition, it must be 

recognised that the results of this study were limited to the measurement of the mean 

symmetry of weight distribution during specified postures and movements. There is
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no direct evidence that the measures of symmetry relate to alternative measures of 

balance or postural control, or that measures of symmetry are sensitive to the changes 

in the motor performance of patients with stroke. Thus the measurements of 

symmetry of weight distribution recorded during this study have no direct impact on 

clinical practice.

The results of this study can be argued to have direct implications for future research. 

Several methodological issues pertaining to study design, to the measurement of 

balance and symmetry, and to data presentation and clinical assessment, have been 

highlighted during this study. However, no inferences pertaining directly to clinical 

practice can be procured from this study.
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21. Suggestions for further research

This study has identified copious areas requiring further scientific exploration, and 

has been argued to have direct implications for future research. The following 

sections highlight some of the key areas of further research arising directly fi-om this 

preliminary study.

21.1 Studies of functionai abiiity

The measurement system developed and used in this study was used to investigate 

symmetry during a number of postures and movements, and asymmetry during 

reaching fi-om sitting. The system provides information pertaining to the vertical 

forces passing through different body parts. There is potentially valuable information 

to be derived fi-om the exploration of the vertical forces through each of the 10 force 

measuring sections, and from the investigation of the relative symmetry within the 

feet and seat during posture and functional movement.

The literature review identified that there were many methods available for the 

assessment of different aspects of balance. There is a lack of evidence pertaining to 

the relationship of the various measures of balance. Future studies to investigate the 

relationship between different measures of balance will be useful to identify the 

appropriateness of different outcome measures in the assessment of human balance. 

This could include the investigation of the association between measures of the 

symmetry of weight distribution and measures of the position of the COP. In addition 

to the investigation of different methods of measuring balance, there is also a 

necessity to identify the relationship, if any, between different outcome variables; for 

example, the different variables that can be derived from the measurement of the 

movement of the COP.

In this study, a number of different outcome variables were used in the description of 

the functional ability of patients with stroke. There is a need for further investigations 

of the relationship between the different symmetry and time variables during different 

functions, and the relative weighting of these variables in the construction of the total 

functional ability score used in this study. Such investigation could lead to the 

creation of a battery of outcome measures that could be used to validly express
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balance in the clinical situation or during further research studies. Studies of the 

balance ability of patients with stroke could determine whether the nature of balance 

deficits following stroke are related to variables such as the side of hemiplegia or the 

stroke classification.

21.2 Studies of functional recovery following stroke

This study identified that there was generally no change in the ability of patients ^vith 

stroke to achieve “normal” posture and movement, over a period of 6 weeks. 

Longitudinal studies, with larger sample sizes, to confirm the finding of this study and 

to assess if the lack of change is maintained over longer periods of time, are essential 

to determine \^ether and to what extent the current aims of physiotherapy are being 

achieved. Additionally, exploration to assess the association of alternative measures 

of functional outcome with measures of symmetry and time of movement will allow 

the investigation of the relative importance of “normal” movement to outcome 

following stroke.

Further objective assessments of the sensori-motor dysfunction relating to balance 

following stroke, using methods other than that used in this study, are important to 

accurately identify problems following stroke and, subsequently, relevant aims of 

treatment. This study concentrated on the measurement of kinetic data; it is proposed 

that measurements of the kinematic features of posture and movement will provide 

valuable data relating the symmetry of weight distribution to the symmetry of posture 

and movement. Studies investigating the kinematic features of functional activities 

could also provide objective evidence pertaining to the appropriateness of specific 

motor tasks for independent practice aimed at achieving specific changes in motor 

performance. Studies of the relationship of the recovery of different functional tasks 

should be carried out in order to address issues relating to the specificity and 

transferability of functional ability.

21.3 Studies of physiotherapy for stroke

This study has identified that further studies o f the efficacy o f physiotherapy and the 

relative efficacy of different approaches to physiotherapy are essential in order to 

identify tiie optimal treatment for patients with stroke. The review of the studies in 

the literature that have compared the efficacy of different treatment approaches
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emphasises the necessity that future studies should ensure that the treatment 

approaches investigated are based on written scientific evidence or hypotheses. This 

study has identified that there are many problems associated with the definition of 

treatment approaches. It is proposed the future investigations of treatment for patients 

with stroke should consider the use of the study design adopted in this research study, 

involving the use of an “additional” treatment.

This initial study investigated the effect of independent practice as an addition to 

normal physiotherapy input. The results of this study support the implementation of 

further studies to investigate independent practice based on the principles of motor 

learning. However, this study led to the conclusion that the practice regime 

implemented in this study did not encourage optimal motor learning. It is proposed 

that the practice regime needs to be revised, in light of the evidence obtained during 

this study pertaining to factors such as the timing and number of repetitions and 

subject motivation, and a further study carried out. The implementation of further 

studies to ensure that the practice regime is appropriate both in its aims and methods 

are recommended as essential before considerable resources are used in the execution 

of a large scale study. This study indicated that sample sizes of up to 58 subjects may 

be required for a full scale study. In addition to reviewing the regime of independent 

practice, it has been proposed that an alternative study design could be a longitudinal 

ABAB design. This study produces evidence that indicates that such a research 

design may have considerable advantages in the ability to provide opportunities for 

independent practice that promote optimal motor learning and recovery. A study to 

investigate the use of this experimental design in the investigation the effect of 

independent practice is indicated.
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22. Conclusions

The aims and objectives outlined in the rationale for this study (sections 6.2 and 6.3) 

have been met.

• The measurement system was found to be accurate, precise and suitable for use in 

the clinical setting. The measurement system provided objective measures of the 

symmetry of weight distribution during sitting, standing, rising to stand and sitting 

down, and of the weight transference during lateral reaching from sitting.

• The symmetry of weight distribution during sitting, standing, rising to stand and 

sitting down, and of tho weight transforenoe during lateral reaching were found to be 

highly relevant objective measurements of the specific aims of physiotherapy for 

patients with recently acquired stroke. Classification of the objective ratio data into 

ordinal data (“normal”, “abnormal”, “unable”) was found to be advantageous, 

providing unequivocal data that was easy to interpret and had high clinical relevance. 

This study highlighted the benefits of objective measmes of physiotherapy goals» as 

compared to more global, subjective, assessors of functional ability, such as the 

Barthel Index.

« A regime of practice aimed at the restoration of sitting balance was developed, 

based on the available literature. The efficacy of the regime has been discussed, 

based on the study results, and methods of improving the regime of independent 

practice, in future studies, proposed.

• A randomised clinical trial was carried out to investigate the recovery of the 

symmetry of weight distribution during different postures and movements in patients 

receiving standard physiotherapy (based on the Bobath approach) and in patients 

receiving standard physiotherapy plus an additional regime of practice (based on the 

Motor Learning approach). The experimental design adopted for this study was found 

to be appropriate and valid for use in the investigation of independent practice as an 

addition to standard physiotherapy in the chnical environment. However, this study 

identified several pertinent points pertaining to the use of the randomised controlled 

design, such as the effect of the environmental context and the potential for uneven
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groups despite randomisation. It has been proposed that a longitudinal ABAB study 

may be more advantageous than small-scale randomised controlled trials for future 

research studies.

With reference to the hypotheses outlined in section 6.4, the following conclusions

were made:-

22.1.1 Healthy subjects

A. Young and elderly healthy subjects demonstrated symmetrical weight distribution 

during sitting, standing, rising to stand, and sitting down.

B. Young and elderly healthy subjects demonstrated a consistent pattern of weight 

transference during reaching out to the side from a sitting position.

C. There were few relationships between the age, weight, height or gender of the 

healthy subjects with the objective measurements of symmetry of weight 

distribution and time during sitting, standing, rising to stand, and sitting down, and 

weight transference during reaching out to the side from a sitting position. The 

exceptions to this were significant relationships between dominant hand and the 

symmetry of weight distribution during the seat-on phase of sitting down; between 

age and the time taken to reach to the same side; and between gender and the time 

taken to reach across to the opposite side.

22.1.2 Subjects with recently acquired stroke

D. The symmetry of weight distribution during sitting, standing, rising to stand, and 

sitting down, and the weight transference during reaching out to the side from a 

sitting position, of subjects with recently acquired stroke was different from that of 

young and elderly healthy subjects. Hemiplegic subjects tended to distribute more 

weight to the unaffected side than to the affected side during all “symmetrical” 

postures and movements. This tendency was greater during standing and the seat- 

off phases of rising to stand and sitting down than during sitting and the seat-on 

phases o f rising to stand and sitting down. The weight transference during 

reaching of hemiplegic subjects was less than that of the healthy subjects.
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E. The symmetry of weight distribution during sitting, standing, rising to stand, and 

sitting down, and the weight transference during reaching out to the side from a 

sitting position, of subjects with recently acquired stroke did not approach that of 

young and elderly healthy subjects, over a period of 7 weeks during which 

standard physiotherapy (based on the Bobath concept) was administered. This 

study concluded that there was no change in the symmetry of posture and 

movement, or ability to transfer weight, in patients with acute stroke who received 

6 weeks of in-patient physiotherapy treatment. It was proposed that either the 

aims of physiotherapy were inappropriate and unachievable or that the 

physiotherapy intervention was ineffectual at achieving the aims of treatment. 

This fmding, if confirmed, has fundamental implications for physiotherapy aims 

and treatments.

F. There were few relationships between the symmetry of weight distribution during 

sitting, standing, rising to stand, and sitting down, and the weight transference 

during reaching out to the side from a sitting position in individual patients with 

recently acquired stroke. The exceptions to this were significant relationships 

between the symmetry of weight distribution during stance and during the seat-off 

phase of sitting down; and between the time taken to reach to the unaffected side 

and to reach to the affected side.

G. There was a very weak relationship between the functional recovery, as assessed 

using the Barthel index, of patients with recently acquired stroke and the symmetry 

of weight distribution during sitting, standing, rising to stand, and sitting down, 

and the weight transference during reaching out to the side from a sitting position. 

This relationship appeared to be due to the increase in the number of subjects able 

to stand, rise to stand and sit down, rather than to an increase in the ability of 

subjects to perform the functions within a normal range.

22.1.3 Effect Of regime of practice aimed at improving sitting balance

H. Patients with recently acquired stroke receiving standard physiotherapy (based on 

the Bobath concept) plus an additional regime of practice (based on the motor 

learning approach) aimed at improving sitting balance had no greater recovery of
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symmetry of weight distribution during sitting, standing, rising to stand and sitting 

down, and weight transference during reaching out to the side firom a sitting 

position than patients with recently acquired stroke receiving standard 

physiotherapy (based on the Bobath concept). The only differences between the 

patients receiving and not receiving the additional regime of practice was that 

patients receiving the practice distributed more weight through the affected side 

during sitting after reaching than the patients not receiving the practice. The 

consequence of this change in motor performance was not known. These 

conclusions led to the proposal that the lack of effect attributable to the practice 

regime occurred as the practice regime did not promote optimal motor learning. 

However, it was proposed that the small differences in the outcome variables of the 

control and practice group indicated that the independent practice could potentially 

effect a change in motor performance.

I. The difference in the symmetry of weight distribution during sitting following 

reaching between patients with recently acquired stroke receiving standard 

physiotherapy (based on the Bobath concept) plus an additional regime of practice 

(based on the motor learning approach) and patients with recently acquired stroke 

receiving standard physiotherapy (based on the Bobath concept) was not 

maintained during tests of retention for up to 2 weeks following the cessation of 

the additional regime of practice. This indicates that no motor learning occurred.

459



Bibliography

Ackermann, H., Daum, I., Schugnes, M.M. and Grodd, W. (1996) Impaired procedural learning 
after damage to the left supplementary motor area (SMA). Journal of Neurology, Neurosurgery 
and Psychiatry 60, 94-97.

Ada L. and Westwood P. (1987) A kinematic analysis of recovery of the ability to stand up from 
a chair following stroke. Proceedings of the World Congress of Physical Therapy: Sydney, 
Australia. 925-929.

Ada, L. and Westwood, P. (1992) A kinematic analysis of the ability to stand up following stroke. 
Australian Journal of Physiotherapy 38,135-142.

Adams, J. A. (1971) A closed-loop theory of motor learning. Journal of Motor Behavior 3,111- 
149.

Adams, J.A. (1987) Historical review and appraisal of research on the, learning, retention and 
transfer of human motor skills. Psychological Bulletin 101, 41-74.

Aho, K., Harmsen, P., Hatano, S., Marquardsen, J., Smirnov, V.E. and Strasser, T. (1980) 
Cerebrovascular disease in the community: results of a WHO collaborative study. Bulletin of the 
World Health Organisation 58, 113-130.

Alexander N, Schultz A, Warwick D, and Aston-Miller J. (1989) Rising from a chair: performance 
biomechanics of healthy elderly and young adult subjects. Symposium on Biomechanics -  ASME 
annual meeting, AMD - 89. 333-336.

Allard, P., Blanchi, J. and Aissaoui, R. (1995) Bases of three-dimensional reconstruction. In: 
Allard, P., Stokes, I.A.F. and Blanchi, J. (Eds.) Three^inwnsional analysis of human movement, 
Human Kinetic Books, Illinois.

Allen, CMC., Harrison, M.J.G. and Wade, D.T. (1988) The management of acute stroke, Castle 
House Publications Ltd, Kent.

Anderson, M. and Lough, S. (1986) A Psychological Framework for Neurorehabilitation. 
Physiotherapy Practice 2, 74-82.

Aniss, A.M., Diener, H., Hore, J., Gandevia, S.C. and Burke, D. (1990) Behaviour of human 
muscle receptors when reliant on proprioceptive feedback during standing. Joumal of 
Neurophysiology S4, 661-670.

Arsenault, A.B., Dutil, E., Lambert, J., Corriveau, H., Guama, F. and Drouin, G. (1988) An 
evaluation of the hemiplegic subject based on the Bobath approach. Part III. A validation study. 
Scandinavian Joumal of Rehabilitative Medicine 20,13-16.

Ashbum, A. (1986) Methods of assessing the physical disabilities of stroke patients. 
Physiotherapy Practice 2, 59-62.

Ashbum, A. (1995) A review of current physiotherapy in the management of stroke. In: Harrison, 
M.A. (Ed.) Physiotherapy in stroke management, Churchill Livingstone, London.

Ashbum, A. (1997) Physical recovery from stroke. Physiotherapy 83, 480-491.

460



Atwater, S.W., Crowe, T.K, Deitz, J.C. and Richardson, P.K. (1990) Interrater and test-retest 
reliability of two pediatric balance tests. Physical Therapy 70, 79-87.

Bach-y-Rita, P. (1981a) Brain plasticity as a basis for the development of rehabilitation 
procedures for hemiplegia. Scandinavian Joumal of Rehabilitative Medicine 13, 73-83.

Bach-y-Rita, P. (1981b) Central nervous system lesions: sprouting and unmasking in 
rehabilitation. Archives of Physical and Medical Rehabilitation 62, 413-417.

Badke, M B. and Duncan, P.W. (1983) Patterns of rapid motor responses during postural 
adjustments in healthy subjects and hemiplegic patients. Physical Therapy S3,13-20.

Baer, G.D. and Ashbum, A M. (1995) Trunk movements in older subjects during sit-to-stand. 
Archives of Physical and Medical Rehabilitation 76, 844-849.

Bahr, M. (1997) Target-specific guidance cues for regenerating axons are repressed in the 
lesioned adult mammalian central nervous system. Advances in Neurology 83-90.

Bajd, T. and Kralj, A. (1982) Standing up of a healthy subject and a paraplegic patient. Joumal of 
Biomechanics 15,1-10.

Bamford, J., Sandercock, P., Warlow, C. and Gray, M. (1986) Why are patients with acute stroke 
admitted to hospital? British Medical Joumal 292, 1369-1372.

Bamford, J., Sandercock, S., Dennis, M., Warlow, C., Jones, L, McPherson, K., Vessey, M., 
Fowler, G., Molyneux, A, Hughes, T., Bum, J. and Wade, D. (1988) A prospective study of acute 
cerebrovascular disease in the community: the Oxfordshire community stroke project 1981-1986.
1. Methodology, demography and incident cases of first ever stroke. Joumal of Neurology, 
Neurosurgery and Psychiatry 51, 1373-1380.

Bamford, J., Sandercock, P., Dennis, M., Bum, J. and Warlow, C. (1991) Classification of natural 
history of clinically identifiable subtypes of cerebral infarction. The Lancet 337,1521-1526.

Basmajian, J.V., Gowland, C.A., Finlayson, A.J., Hall, A.L., Swanson, L.R., Stratford, P.W., 
Trotter, J.E. and Brandstatter, M E. (1987) Stroke treatment: comparison of integrated 
behavioural physical therapy versus traditional physical therapy programs. Archives of Physical 
and Medical Rehabilitation 68, 267-272.

Bate, P. (1997) Motor control theories - insights for therapists. Physiotherapy 83, 397-405.

Bear, M.F., Connors, B.W. and Paradiso, M.A. (1996) Neuroscience: exploring the brain,
Williams and Wilkins, Baltimore.

Begg, C., Cho, M., Eastwood, S., Horton, R., Moher, D., Olkin, I., Pitken, R., Rennie, D., Schulz, 
K., Simel, D. and Stroup, D. (1996) Improving the quality of reporting or randomised controlled 
trials. Joumal of the American Medical Association 278, 637-639.

Bennett, K.M.B. and Castiello, U. (1994) Insights into the reach to grasp movement, North- 
Holland, New York.

Berg, K. (1989) Balance and its measure in the elderly: a review. Physiotherapy Canada 41, 240- 
246.

461



Berg, K., Wood-Dauphinee, S., Williams, J. and Gayton, D. (1989) Measuring balance in the 
elderly: preliminary development of an instrument. Physiotherapy Canada 41, 304-311.

Berger RA, Schenkman ML, Riley PO, and Hodge WA. (1989a) Advantages of rising from a chair 
to quantitate human performance Proceedings of 35®’ annual meeting. Orthopaedic Research 
Society, February 6-9, Las Vegas, Nevada. p91.

Berger RA, Schenkman ML, Riley PO, and Hodge WA. (1989b) The chair model and its 
advantages for quantifying human functional performance. Proceedings of 35®’ annual meeting. 
Orthopaedic Research Society, February 6-9, Las Vegas, Nevada. p275.

Bergman, L, van der Meulen, J.H.P., Limburg, M. and Habbema, D.F. (1995) Costs of medical 
care after first-ever stroke in the Netherlands. Stroke 26, 1830-1836.

Black, F.O., Wall, 0., Rackette, H.E. and Kitch, R. (1982) Normal subjects postural sway during 
the Romberg test. American Journal of Otolaryngology 3, 309-318.

Bland, M. (1995) An Introduction to medical statistics, Oxford University Press, Oxford.

Bobath, B. (1978) Adult hemiplegia: evaluation and treatment, 1st edn. Heinemann Medical, 
London.

Bobath, B. {^990) Adult hemiplegia: evaluation and treatment. 2nd edn. ButtenA r̂th,
Heinemann, London.

Bohannon, B.W. (1988) Determinants of transfer capacity in patients with hemiparesis. 
Physiotherapy Canada 40, 236-239.

Bohannon, R.W., Larkin, P.A., Cook, A C., Gear, J. and Singer, J. (1984) Decrease in timed 
balance test scores with aging. Physical Therapy 64,1067-1070.

Bohannon, R.W., Smith, M B. and Larkin, P.A. (1986) Relationship between independent sitting 
balance and side of hemiparesis. Physical Therapy 66, 944-946.

Bohannon, R.W. (1989) Selected determinants of ambulatory capacity in patients with 
hemiplegia. Clinical Rehabilitation 3, 47-53,

Bohannon, R.W., Waters, G and Cooper, J. (1989) Perception of unilateral lower extremity 
weight bearing during bilateral upright stance. Perceptual Motor Skills 69, 875-880.

Bohannon, R.W., Walsh, S. and Joseph, M.C. (1993) Ordinal and timed balance measurements: 
reliability and validity in patients with stroke. Clinical Rehabilitation 7, 9-13.

Bohannon, R.W., Cassidy, D. and Walsh, S. (1995) Trunk muscle strength is impaired 
mutidirectionally after stroke. Clinical Rehabilitation 9, 47-51.

Bohannon, R.W. and Larkin, P.A. (1985) Lower extremity weight bearing under various standing 
conditions in independently ambulatory patients with hemiparesis. Physical Therapy SS, 1323- 
1325.

Bohannon, R.W. and Leary, KM. (1995) Standing balance and function over the course of acute 
rehabilitation. Archives of Physical and Medical Rehabilitation 76, 994-996.

462



Bohannon, R.W. and Tinti-Wald, D. (1991) Accuracy of weight bearing estimation by stroke 
versus healthy subjects. Perceptual Motor Skills 72, 935-941.

Bohannon, R.W. and Waldron, R.M. (1991) Weight bearing during comfortable stance in 
patients with stroke; accuracy and reliability of measurements. Australian Journal of 
Physiotherapy 37, 19-22.

Bonita, R. and Beaglehole, R. (1988) Recovery of motor function after stroke. Stroke 19,1497- 
1500.

Borello-France, D.F., Burdett, R.G. and Gee, Z.L. (1988) Modification of sitting posture of 
patients with hemiplegia using seat boards and backboards. Physical Therapy 68, 67-71.

Borgman, M.F. and Passarella, P.M. (1991) Nursing care of the stroke patient using Bobath 
principles. An approach to altered movement. Nursing Clinics of North America 26, 1019-1035.

Bouisset, S. and Zattara, M. (1987) Biomechanical study of the programming of anticipatory 
adjustments associated with voluntary movement. Journal of Biomechanics 20, 735-742.

Boyeson, M.G., Jones, J.L. and Harmon, R.L. (1994) Sparing of motor function after cortical 
injury. A new perspective on underlying mechanisms. Archives of Neurology 51, 405-414.

Brandstater, M.E. and Basmajian, J.V. (1987) Stroke rehabilitation, Williams and Wilkins, 
Baltimore.

Brandt, T., Strupp, M., Arbusow, V. and Dieringer, N. (1997) Plasticity of the vestibular system; 
central compensation and sensory substitution for vestibular deficits. Advances in Neurology 73, 
297-309.

Briggs, R., Gossman, M R., Birch, R., Drews, J.E. and Shaddeau, S.A. (1989) Balance 
performance among non-institutionalised elderly women. Physical Therapy 89, 748-766.

Brion, J.P., Demeurisse, G. and Capon, A. (1989) Evidence of cortical reorganisation in 
hemiparetic patients. Stroke 20 ,1079-1084.

Brooks, V.B. (1983) Motor control. How posture and movement are governed. Physical Therapy 
63, 664-673.

Brownlee, M.G., Banks, M.A., Crosbie, J., Meldrum, F. and Nimmo, M.A. (1989) Consideration of 
spatial orientation as related to elderly fallers. Gerontology 35, 323-331.

Brunham, S. and Snow, C.J. (1992) The effectiveness of nerodevelopmental treatment in adults 
with neurological conditions: a single subject study. Physiotherapy Theory and Practice 8,215- 
222.

Brunnstrôm, S. (1970) Movement therapy In hemiplegia. Harper and Row, London / New York.

Brunt, D., Vanderlinden, D.W. and Behrmal, A.L. (1995) The relationship between limb loading 
and control parameters of gait initiation in persons with stroke. Archives of Physical and Medical 
Rehabilitation 76, 627-634.

Bryman, A. and Cramer, D. (1990) Quantitative analysis for social scientists, Routledge, London.

463



Bullock-Saxton, J E., Bullock, M.I., Tod, C., Riley, D R. and Morgan, A.E. (1991) Postural stability 
in young adult men and women. Nev/ Zealand Journal of Physiotherapy, Aug, 7-10.

Burdett, R.G. (1985) Biomechanical comparison of rising from two types of chairs. Physical 
Therapy OS, 1177-1183

Butler, P.B. (1991) Biomechanics of transfer from sitting to the standing position in some 
neuromuscular diseases. Physiotherapy 77, 521-525.

Caldwell, C., MacDonald, D., MacNeil, K., McFarland, K., Turnbull, G.l. and Wall, J.C. (1986) 
Symmetry of weight distribution in normals and stroke patients using digital weight scales. 
Physiotherapy Practice 2 ,109-116.

Canning C. (1987) Training standing up following stroke - a clinical trial. Proceedings of the 
World Congress of Physical Therapy: Sydney, Australia. 915-919 .

Caramia, M.D., lani, C. and Bemardi, G. (1996) Cerebral plasticity after stroke as revealed by 
ipsilateral responses to magnetic stimulation. Neurology Report 7 ,1756-1760.

Carr, J.H., Shepherd, R.B., Nordholm, L A. and Lynn, D. (1985) Investigation of a new motor 
assessment scale for stroke patients. Physical Therapy SS, 175-180.

Carr JH. Analysis and training of standing up. (1987) Proceedings of the World Congress of 
Physical Therapy: Sydney, Australia. 383-388.

Carr, J.H. (1992) Balancing the centre of body mass during standing up. Physiotherapy Theory 
and Practice 8,159-164.

Carr, J.H., Mungovan, S.F., Shepherd, R.B., Dean, C M. and Nordholm, LA. (1994) 
Physiotherapy in stroke rehabilitation; bases for Australian physiotherapists' choice of treatment. 
Physiotherapy Theory and Practice 10, 201-209.

Carr, J.H., Monger, C.K and Fowler, V. (1997) The effect of task-related training of sit-to-stand 
in a group of chronic stroke patients. Proceedings of 16* annual meeting of the International 
Society of Biomechanics, Tokyo, Japan. 122

Carr, J.H. and Shepherd, R.B. (1987) Movement science: foundations for physical therapy In 
rehabilitation. Aspen Publishers Inc, Rockville,Md.

Carr, J.H. and Shepherd, R.B. (1989a) Physiotherapy In disorders of the brain, Heinemann 
Medical, Oxford.

Carr, J.H. and Shepherd, R.B. (1989b) A Motor Learning Model for Stroke Rehabilitation. 
Physiotherapy 75, 372-380.

Carr, J.H. and Shepherd, R.B. (1990) A motor learning model for rehabilitation of the movement 
disabled. In: Ada, L. and Canning, C. (Eds.) Key Issues In neurological physiotherapy,
Heinemann Medical, Oxford.

Carr, J.H. and Shepherd, R.B. (1992) A motor teaming programme for stroke. 2nd edn 
ButtenA r̂th, Heinemann, London.

Carron, A.V. (1972) Motor Performance and Learning under Physical Fatigue. Medldne and 
Science In Sports 4,101 «106.

464



Carter, M.C. and Shapiro, D C. (1984) Control of sequential movements: evidence for 
generalised motor programs. Journal of Neurophysiology 52, 787-796.

Chambers, R . Adams, R and Maher, C (1992) ICC EXE' a program for calculating intradass 
correlation and agreement indices. Faculty of Health Science: University of Sydney.

Chari, V.R. and Kirby, R.L. (1986) Lower limb influence on sitting balance while reaching 
fonvard. Archives of Physical and Medical Rehabilitation 67, 730-733.

Chamess, A.L. (1995) Evaluation and training of upper extremity control from a systems 
perspective in the patient with neurological dysfunction. Topics In Stroke Rehabilitation 1, 48-80.

Chollet, F., DiPiero, V., Wise, R.J.S., Brooks, D.J., Dolan, R.J. and Frackowiak, R.S.J. (1991) 
The functional anatomy of motor recovery after stroke in humans: a study with positron emission 
tomography. Annals of Neurology 29, 63-71.

Clary-Trimm, B.L. (1990) The effect of proximal support on upper extremity reaching. Physical 
and Occupational Therapy In Paediatrics 10,134.

Coghlin, S.S. and McFadyen, B.J. (1994) Transfer strategies used to rise from a chair in normal 
and low back pain subjects. Clinical Blomechanlcs 9, 85-92.

Cohen, H. (1993) Neuroscience for Rehabilitation, J.B. Lippincott Company, Philadelphia.

Cohen, H., Blatchley, C. and Gombash, L.L. (1993) A study of the clinical test of sensory 
interaction and balance. Physical Therapy 73, 346-351.

Corriveau, H., Guama, F., Dutil, E., Arsenault, A.B. and Drouin, G. (1988) An evaluation of the 
hemiplegic subject based on the Bobath approach. Part II: the evaluation protocol. Scandinavian 
Journal of Rehabilitative Medldne 20, 5-11.

Corriveau, H., Arsenault, A.B., Dutil, E. and Lepage, Y. (1992a) Principal components analysis of 
an evaluation of the hemiplegic subject based on the Bobath approach. Disability and 
Rehabilitation 14, 85-88.

Corriveau, H., Arsenault, B.A., Dutil, E., Besner, C., Dupuis, C., Guama, F. and Lambert, J. 
(1992b) An evaluation of the hemiplegic patient based on the Bobath approach: a reliability 
study. Disability and Rehabilitation 14, 81-84.

Crenshaw, R.P. and Vistres, L.M. (1989) A decade of pressure sore research: 1977-1987. 
Journal of Rehabilitation Research and Development 26, 63-74.

Crosbie, j.. Shepherd, R.B. and Squire, T.J. (1995) Postural and voluntary movement during 
reaching in sitting: the role of the lower limbs. Joumal of Human Movement Studies 28,103-112.

Crosbie, J., Herbert, R.D. and Bridson, J.T. (1997) Intersegmental dynamics of standing from 
sitting. Clinical Blomechanlcs ^2, 227-235.

Crotts, D., Thompson, B., Nahom, M., Ryan, S. and Newton, R.A. (1996) Balance abilitios of 
professional dancers on select balance tests. Joumal of Orthopa^lc and Sports Physical 
Therapy 2 3 ,12-17.

Currier, D P. (1990) Elements of research In physical therapy, Williams and Wilkins, Baltimore.

465



Daldeiden, S. (1990) Weight shifting as a treatment for balance deficits: a literature review. 
Physiotherapy Canada 42, 81-87.

Daum, I. and Ackermann. H (1995) Cerebellar contributions to cognition Behavioral Brain 
Research 67, 201-210.

Davies, P., M. (1990) Right in the middle. Selective trunk activity in the treatment of adult 
hemiplegia, Springer-Verlag, Berlin.

Davies, P.M. (1985) Steps to follow. A guide to the treatment of adult hemiplegia, Springer- 
Verlag, Berlin.

Davies, P.M. (1994) Starting again. Early rehabilitation after traumatic brain injury or other 
severe brain lesion, Springer-Verlag, Berlin.

De Schutter, E. (1995) Cerebellar long-term depression might normalise excitation of purkinje 
cells: a hypothesis, fronds In Nourosdenco 18, 291-295.

De Weerdt, W., Harrison, M., Smith, P., Hoodless, D. and Pottage, I. (1987) The Nottingham 
Balance Platform: a practical application of microcomputers in physiotherapy. Physiotherapy 
Practice 4, 9-17.

De Weerdt, W., Crossley, S.M., Lincoln, N.B. and Harrison, M.A. (1989) Restoration of balance 
in stroke patients: a single case design study. Clinical Rehabilitation 3, 139-147.

Dean, C M. and Mackey, F.H. (1992) Assessment scale scores as a measure of rehabilitation 
outcome following stroke. Australian Joumal of Physiotherapy 38, 31-35.

Dean, C M. and Shepherd, R.B. (1997) Task-related training improves performance of seated 
tasks after stroke. Stroke 28, 722-728.

Decety, J., Perani, D., Jeannerod, M., Bettinardi, V., Tadary, B., Woods, R., Mazziotta, J.C. and 
Fazio, F. (1994) Mapping motor representation with positron emission tomography. Nature 371, 
600-602.

Denis, M. (1985) Visual imagery and the use of mental practice in the development of motor 
skills. Canadian Journal of Applied Sports Sdence 10, 4s-16s.

DeSouza, L.H. (1983) The effects of sensation and motivation on regaining movement control 
following stroke. Physiotherapy 69, 238-240.

Dettmann, M.A., Linder, M.T. and Sepic, S B. (1987) Relationship between walking performance, 
postural stability and functional assessments of the hemiplegic patient. American Journal of 
Physical Medldne 66, 77-90.

Devor, M. (1994) Plasticity in the neonatal and adult nervous system. In: lllis, L.S. (Ed.) 
Neurological Rehabilitation, 2nd edn. Blackwell Scientific Publications, Oxford.

Di Fabio, R.P. and Badke, M B. (1990) Extraneous movement associated with hemiplegic 
postural sway during dynamic goal-directed weight distribution. Archives of Physical and Medical 
Rehabllltatbn 71, 365-371.

466



Di Fabio, R.P. and Emasithi, A. (1997) Aging and the mechanisms underlying head and posture 
control during voluntary motion. Physical Therapy 77, 458-475.

Dickstein, R., Nissan, M., Pillar, T. and Scheer, D. (1984) Foot-ground pressure pattern of 
standing hemiplegic patients. Physical Therapy 19-23.

Dickstein, R., Hocherman, S., Pillar, T. and Shaham, R. (1986) Stroke rehabilitation. Three 
exercise therapy approaches. Physical Therapy SS, 1233-1238.

Dickstein, R., Piller, T., Shina, N. and Hocherman, S. (1989) EMG responses of distal ankle 
musculature of standing hemiplegic patients to continuous AP perturbations during imposed 
weight transfer over the affected leg. Physical Therapy 69, 484-491.

Diener, H.C., Dichgans, J., Bootz, F. and BaCher, M. (1984) Early stabilisation of human posture 
after a sudden disturbance: influence of rate and amplitude of displacement. Experimental Brain 
Research 56,126-134.

Dobkin, B.H. (1993) Neuroplasticity. Key to recovery after central nervous system injury. 
Western Joumal of Medicine 159, 56-60.

Dombovy, M.L., Sandok, B. and Basford, J R. (1986) Rehabilitation for stroke: a review. Stroke 
17, 363-369.

Dombovy, M.L. (1990) Stroke: clinical course and neurophysiologic mechanisms of recovery. 
Critical Reviews in Physical and Rehabilitation Medldne 2 ,171-188.

Dombovy, M.L. and Bach-y-Rita, P. (1988) Clinical observations on recovery from stroke. 
Advances In Neurology 47, 265-276.

Drummond, D.S., Narechania, R.G., Rosenthal, A.V., Breed, A.L., Lange, T.A. and Drummond,
D.K (1982) A study of pressure distributions measured during balanced and unbalanced sitting. 
Joumal of Bone and Joint Surgery 62A, 1034-1039.

Duncan, P.W., Studentski, S., Chandler, J., Bloomfield, R. and LaPointe, L.K. (1990a) EMG 
analysis of postural adjustments in two methods of balance testing. Physical Therapy 70, 88-96.

Duncan, P.W., Weiner, D.K, Chandler, J. and Studentski, S. (1990b) Functional reach: a new 
clinical measure of balance. Joumal of Gerontology 45, Ml 92-197.

Dunn, J., Prewitt, A.L., Shaddeau, S.A., Gossman, M R. and Katholi, C.R. (1991) Assessment of 
the interactions of the sensory component of balance in healthy adults aged 50-79 years. 
Physical Therapy lA, S74.

Durward, B.R. (1994) The biomechanical assessment of stroke patients in rising to stand and 
sitting down. PhD Thesis, University of Strathclyde, Glasgow.

Durward, B.R. and Rowe, P.J. (1991) Symmetry - not so simple. Proceedings of World 
Confederation for Physical Therapy, 11 International Congress, London. 447-449.

Easter, S.S., Purves, D., Rakic, P. and Spitzer, N.C. (1985) The changing view of neural 
specificity. Sdence 230, 507-511.

467



Edwards, R.V. and Lee, A.M. (1985) The Relationship of Cognitive Style and Instructional 
Strategy to Learning and Transfer of Motor Skills. Research Quarterly for Exercise and Sport 56, 
286-290.

Effective Health Care (1992) Stroke Rehabilitation. Bulletin on Effectiveness of Health Service 
Interventions for decision-makers. No.2, University of Leeds.

Ekdahl, C., Jamio, G.B. and Andersson, S.I. (1989) Standing balance in healthy subjects. 
Scandinavian Joumal of Rehabilitative Medldne 21,187-195.

Elbert, T., Pantev, c., Wienbruch, C., Rochstroh, B. and Taub, E. (1995) Increased cortical 
representation of the fingers of the left hand in string players. Science 270, 305-307.

Ellis, M l., Seedhom, B.B., Amis, A.A., Dowson, D. and Wright, V. (1979) Forces in the knee 
whilst rising from normal and motorised chairs. Engineering In medicine, 8, 33-40.

Ellis, M l., Seedhom, B.B. and Wright, V. (1984) Forces in the knee joint whilst rising from a 
seated position. Joumal of Biomedical Engineering 6,113-120.

Engardt, M., Ribbe, T. and Olsson, E. (1993) Vertical ground reaction force feedback to enhance 
stroke patients' symmetrical body-weight distribution while rising/sitting down. Scandinavian 
Joumal of Rehabilitative Medldne 25, 41-48.

Engardt M and Olsson E. Force feedback through an auditive display to enhance symmetrical 
loading during standing up and sitting down in stroke patients. (1991a) 472-474 .

Engardt M and Olsson E. (1991b) Vertical floor reaction forces during rising up and sitting down. 
Proceedings of the World Confederation of Physical Therapy, 11* International Congress, 
London. 1298-1300.

Engardt, M. and Olsson, E. (1992) Body weight bearing whilst rising and sitting down in patients 
with stroke. Scandinavian Journal of Rehabilitative Medldne 24, 67-74.

Ernst, E. (1990) A review of stroke rehabilitation and physiotherapy. Stroke 21, 1081-1085.

Esmonde, T., McGinley, J., Wittwer, J., Goldie, P. and Martin, C. (1997) Stroke rehabilitation; 
patient activity during non-therapy time. Australian Joumal of Physiotherapy 43, 43-45.

Farzan, D.T. (1991) Reintegration for stroke survivors: home and community considerations. 
Nursing Clinics of North America 26,1037-1048.

Fife, S.E., Roxborough, L.A., Armstrong, R.W., Harris, S R., Gregson, J.L. and Field, D. (1991) 
Development of a clinical measure of postural control for assessment of adaptive seating in 
children with neuromotor disabilities. Physical Therapy 71, 981-993.

Finlay, D.E., Bayles, T.B., Rosen, C. and Milling, J. (1983) Effects of chair design, age, and 
cognitive status on mobility. Age and Ageing 12, 329-335.

Fioretti, S., Leo, T. and Murphy, S. (1997) About the evidence of different balance strategies 
during functional reach test. Proceedings of 18* annual meeting of the International Society of 
Biomechanics, Tokyo, Japan. 340

Fishkind, M. and Haley, S.M. (1986) Independent sitting development and the emergence of 
associated meter components. Physical Therapy SS, 1509 1515.

468



Fishman, M.N., Nichols, D.S., Colby, L A  and Sachs, L. (1996) Comparison of functional upper 
extremity tasks and dynamic standing balance in hemiparesis. Physical Therapy 76, 
S79(Abstract)

Fleckenstein, S.J., Kirby, R.L. and MacLeod, D.A. (1988) Effect of limited knee-flexion range on 
peak hip moments of force while transferring from sitting to standing. Joumal of Blomechanlcs 
21,915-918.

Fleischer, A.G., Rademacher, U. and Windberg, H. (1987) Individual characteristics of sitting 
behavior. Ergonomics 30, 703-709.

Frank, J.S. and Earl, M. (1990) Co-ordination of posture and movement. Physical Therapy 70, 
855-863.

Freund, H.J. (1992) Recovery of motor functions after stroke. European Journal of Neuroscience 
5, 2.

Friedli, W.G., Hallett, M. and Simon, S.R. (1984) Postural adjustments associated with rapid 
voluntary arm movements. I Electromyographic data. Joumal of Neurology, Neurosurgery and 
F^ychlatry 47, 611 -622.

Friedli, W.G., Cohen, L, Hallett, M., Stanhope, S. and Simon, S.R. (1988) Postural adjustments 
associated with rapid voluntary arm movements. II Biomechanical analysis. Joumal of 
Neurology, Neurosurgery and Psychiatry 61, 232-243.

Gabell, A. and Simons, M B. (1982) Balance coding. Physiotherapy SB, 286-288.

Gauthier-Gagnon, C., St-Pierre, D., Drouin, G. and Riley, E. (1986) Augmented sensory 
feedback in the early training of standing balance in below-knee amputees. Physiotherapy 
Canada 38, 137-142.

Gelber, D.A., Josefczyk, P.B., Herrman, D., Good, D C. and Verhulst, S.J. (1995a) Rehabilitation 
of the pure motor hemiparetic stroke patient. Joumal of Neurological Rehabilitation 9,191-196.

Gelber, D.A., Josefozyk, P.B., Herman, D., Good, D C. and Verhulst, S.J. (1995b) Comparison of 
two therapy approaches in the rehabilitation of the pure motor hemiparetic stroke patient. Joumal 
of Neurological Rehabilitation 9, 191 -196.

Gerber, M. (1995) Symptoms in adult hemiparesis - new approaches and their therapeutic 
implications in the Bobath concept. In; Harrison, M.A. (Ed.) Physiotherapy In stroke 
management, Churchill Livingstone, London.

Gilbert, P.F.C. and Thach, W.T. (1977) Purkinje cell activity during motor learning. Brain 
Research 128, 309-328.

Giles, G.M. and Clark-Wilson, J. (1993) Brain Injury rehabilitation. A neurofunctional approach. 
Chapman and Hall, London

Gill-Body, KM., Popat, R.T., Parker, S.W. and Krebs, D.E. (1997) Rehabilitation of balance in 
two patients with cerebellar dysfunction. Physical Therapy 77, 534-552.

Gilman, S. and Newman, S.W. (1992) Manter and Gatz's Essentials of clinical neuroanatomy and 
neurophysblogy, FA Davis Company, Philadelphia.

469



Gioftsos, G. and Grieve, D.W. (1996) The use of artificial neural networks to identify patients 
with chronic low-back pain conditions from patterns of sit-to-stand manoeuvres. Clinical 
Blomechanlcs 11,275-280.

Gliner, J.A. (1985) Purposeful activity in motor learning theory: an event approach to motor skill 
acquisition. American Joumal of Occupational Therapy 39, 28-34.

Godwin, M.A. and Schmidt, R.A. (1971) Muscular Fatigue and Learning a Discrete Motor Skill. 
Research Quarterly 42, 374-382.

Goff, B. (1969) Appropriate afferent stimulation. Physiotherapy 55, 9-17.

Goldie, P.A., Bach, T.M. and Evans, O.M. (1989) Force platform measures for evaluating 
postural control: reliability and validity. Archives of Physical and Medical Rehabilitation 70, 510- 
517.

Goldie, P.A., Evans, O. and Matyas, T. (1996) Perfonnance in the stability limits test during 
rehabilitation following stroke. Galt and Posture 4, 315-322.

Goldman, S. and Plum, F. (1997) Compensatory regeneration of the damaged adult human 
brain: neuroplasticity in a clinical perspective. Advances In Neurology 73, 99-107.

Good, D C. (1994) Treatment strategies for enhancing motor recovery in stroke rehabilitation. 
Joumal of Neurological Rehabilitation 8,177-186.

Grabiner, M.D., Lundin, T.M. and Fenerbach, J.W. (1993) Converting Chattecx balance system 
vertical reaction force measurements to centre of pressure excursion measurement. Physical 
Therapy 73, 316-319.

Gruendal, T.M. (1992) Relationship between weight bearing characteristics in standing and 
ambulatory independence in hémiplégies. Physiotherapy Canada 44,16-17.

Guama, F., Corriveau, H., Chamberland, J., Arsenault, A.B., Dutil, E. and Drouin, G. (1988) An 
evaluation of the hemiplegic subject based on the Bobath approach. Part I: the model. 
Scandinavian Joumal of Rehabilitative Medldne 20,1-4.

Haaland, KY., Carrington, D. and Yeo, R. (1987) The effects of task complexity in left and right 
CVA patients. Neuropsychologica 25, 783-794.

Hademenos, G.J. and Massoud, T.F. (1997) Biophysical mechanisms of stroke. Stroke 28, 2067- 
2077.

Hall, M.G., Fleming, H E., Dolan, M.J., Millbank, S.F.D. and Paul, J.P. (1996) Static in situ 
calibration of force plates. Journal of Blomechanlcs 29, 659-665.

Hamman, R.G., Mekjavie, I., Mallinson, A.I. and Longridge, N.S. (1992) Training effects during 
repeated therapy sessions of balance training using visual feedback. Archives of Physical and 
Medical Rehabilitation 73, 738-744.

Hamrin, E., Ekiund, G., Hillgren, A., Borges, O., Hall, J. and Hellstrom, 0. (1982) Muscle strength 
and balance in post-stroke patients. Upsala Journal of Medical Sdence 87,11-26.

470



Hanke, T A., Pai, Y. and Rogers, M.W. (1995) Reliability of measurement of body centre of mass 
momentum during sit-to-stand in healthy adults. Physical Therapy 7 5 ,105-118.

Hanlon, R.E. (1996) Motor learning following unilateral stroke. Archives of Physical and Medical 
Rehabilitation 77, 811 -815.

Harris, A. I. and Head, E. (1971) Sample surveys in Local Authority areas with particular 
reference to the handicapped and elderly. Office of population censuses and surveys; 
Department of Health.

Harrison, M.A. (1995) Physiotherapy In stroke management, Churchill Livingstone, Edinburgh.

Hayashi, R., Mijake, A. and Watanbe, S. (1988) The functional role of sensory inputs from the 
foot: stabilising human posture during voluntary and vibration induced body sway. Neuroscience 
Reseach 5, 203-213.

Heitmann, D., Gossman, M R., Shaddeau, S.A. and Jackson, J R. (1989) Balance performance 
and step width in non-institutionalised, elderly, female fallers and non-fallers. Physical Therapy 
69, 923-931.

Hellebrandt, F A. (1938) Standing as a geotropic reflex. The mechanism of the asynchronous 
rotation of motor units. American Joumal of Physiology 121, 471-474.

Hellebrandt, F.A., Nelson, B.G. and Larsen, E M. (1943) The eccentricity of standing and its 
cause. American Joumal of Physiology 140, 205-211.

Hemani, H. and Jaswa, V.C. (1978) On a three-link model of the dynamics of standing up and 
sitting down. IEEE transaction on systems, man and cybernetics SMC-8,115-120.

Henley, S., Pettit, S., Todd-Pokropek, A. and Tupper, A. (1985) Who goes home? Predictive 
factors in stroke recovery. Joumal of Neurology, Neurosurgery and Psychiatry A3,1-6.

Hesse, S., Bertelt, C., Jahnke, M.T., Schaffrin, A., Baake, P., Malezie, M. and Mauritz, KH. 
(1995) Treadmill training with partial body weight support compared with physiotherapy in 
nonambulatory hemiparetic patients. Stroke 26, 976-981.

Hesse, S., Schauer, M. and Jahnke, M.T. (1996) Standing-up in healthy subjects: symmetry of 
weight distribution and lateral displacement of the centre of mass as related to limb dominance. 
Galt and Posture 4, 287-292.

Higgins, S. (1991) Motor Skill Acquisition. Physical Therapy 7i, 123-139.

Hill, K, VandervoQt, A. and Kramer, J. (1990) Reproducibility of performance on a test of 
postural responses in healthy elderly females. Physiotherapy Canada 42, 61-66.

Hill, K., Ellis, P., Bernhardt, J., Maggs, P. and Hull, S. (1997) Balance and mobility outcomes for 
stroke patients: a comprehensive audit. Australian Joumal of Physiotherapy A3,173-180.

Hill, K.D., Bernhardt, J., McGann, A M., Maltese, D. and Berhorvits, D. (1996) A new test of 
dynamic standing balance for stroke patients: reliability, validity and comparison with healthy 
elderly. Physiotherapy Canada 257-262.

Hirschberg, G.G., Bard, G., Ralston, H.J. and Wilkie, L.R. (1964) Energy cost of stand-up 
exercises in normal and hemiplegic subjects. American Joumal of Physical Medldne 43, 43-45.

471



Hocherman, S., Dickstein, R. and Pillar, T. (1984) Platform training and postural stability in 
hemiplegia. Archives of Physical and Medical Rehabilitation 65, 588-592.

Holliday. P.J. and Femie, G.R. (1979) Changes in the measurement of postural sway resulting 
from repeated testing. Agressologle 20, 225-228.

Horak, F.B., Esselman, P. and Anderson, M.E. (1984) The effects of movement velocity, mass 
displaced and task certainty on associated postural adjustments made by normal and hemiplegic 
individuals. Joumal of Neurology, Neurosurgery and Psychiatry 4 7 ,1020-1028.

Horak, F.B. and Nashner, L.M. (1986) Central programming of postural movements: adaptation 
to altered support surface configurations. Joumal of Neurophysiology 55 ,1369-1381

Horak, F.B. (1987) Clinical measurement of postural control in adults. Physical Therapy 37, 
1881-1885.

Horak, F.B., Henry, S.M. and Shumway-Cook, A. (1997) Postural perturbations; new insights for 
the treatment of balance disorders. Physical Therapy 77, 517-533.

Hsieh, C., Nelson, D.L., Smith, D.A. and Peterson, C.Q. (1996) A comparison of performance in 
added-purpose occupations and rote exercise for dynamic standing balance in persons with 
hemiplegia. The American Journal of Occupational Therapy 50 ,10-16.

Hughes, M.A., Weiner, D.K., Schenkman, M L , Long, R.M. and Studenski, S.A. (1994) Chair rise 
strategies in the elderly. Clinical Blomechanlcs 9,187-192.

Hughes, M.A. and Schenkman, M.L. (1996) Chair rise strategy in the functionally impaired 
elderly. Journal of Rehabilitation Research and Development 33, 409-412.

Hulme, J.B., Gallacher, K, Walsh, J., Niesen, S. and Waldron, D. (1987a) Behavioral and 
postural changes observed with use of adaptive seating by clients with multiple handicaps. 
Physical Therapy 67, 1060-1067.

Hulme, J.B., Shaver, J., Acher, S., Mullette, L. and Eggert, C. (1987b) The effects of adaptive 
seating devices on the eating and drinking of children with multiple handicaps. The American 
Journal of Occupational Therapy 41, 81 -89.

Ikeda, E.R., Schenkman, M.L, Riley, P.O. and Hodge, W.A. (1991) Influence of age on dynamics 
of rising from a chair. Physical Therapy 71, 473-481.

lllis, L.S. (1994) Rehabilitation theory. In: lllis, L.S. (Ed.) Neurological Rehabilitation, 2nd edn. 
Blackwell Scientific Publications, Oxford.

Indredavik, B., Slordahl, S.A., Bakke, F., Rokseth, R. and Haheim, L.L (1997) Stroke unit 
treatment: long term effects. Stroke 28,1861-1866.

Isard, P.A. and Forbes, J.F. (1992) The cost of stroke to the NHS in Scotland. Cerebrovascular 
Disease 2, 47-50.

Iverson, B., Gossman, M R., Shaddeau, S.A. and Turner, M.E. (1990) Balance performance, 
force production, and activity levels in non-institutionalised men 60-90 years of age. Physical 
Therapy 70, 348-355.

472



Jams, T. (1994) Motor Learning and Occupational Therapy: The Organisation of Practice. 
American Journal of Occupational Therapy 48, 810-816.

Jeannerod, M. (1994) Object oriented action. In: Bennett, KM.B. and Castiello, U. (Eds.) Insights 
Into the reach to grasp movement. North-Holland, London.

Jeka, J.J. (1997) Light touch contact as a balance aid. Physical Therapy 77, 476-487.

Jenkins, I.H., Passingham, R.E., Nixon, P.O., Frackowiak, R.S.J. and Brooks, D.J. (1992) The 
learning of motor sequences. A PET study. European Joumal of Neuroscience 5 ,174(Abstract)

Jenkins, I.H., Brooks, D.J., Nixon, P.O., Frackowiak, R.S.J. and Passingham, R.E. (1994) Motor 
sequence training: a study with positron emission tomography. Joumal of Neuroscience 14, 
3775-3790.

Jeong, B.Y. (1991) Respiration effect on standing balance. Archives of Physical and Medical 
Rehabilitation 72, 642-645.

Johansson, B.B. and Grabowski, M. (1994) Functional recovery after brain infarction: plasticity 
and neural transplantation. Brain Pathology 4, 85-95.

Jones, F.P., Gray, F.E., Hanson, J.A. and O'Connell, D.N. (1959) An experimental study of the 
effet of head balance on patterns of posture and movement in man. Joumal of Psychology 47, 
247-258.

Jones, F.P. (1963) The influence of postural set on pattern of movement in man. Intematlonal 
Joumal of Neurology 4, 60-71.

Jones, F.P., Hanson, J.A., Miller, J.F. and Bossom, J. (1963) Quantitative analysis of abnormal 
movement: the sit-to-stand pattern. American Joumal of Physical Medldne 42, 208-218.

Kalat, J.W. (1995) Biological Psychology, 5th edn. Books / Cole, Pacific Grove, California.

Kandel, E.R. and Schwartz, J.H. (1991) Prindples of neural science, 3rd edn. Elsevier Science, 
New York.

Karlsson, A. (1997) How to quantify postural control with force plate data? Proceedings of 16* 
annual meeting of the International Society of Biomechanics, Tokyo, Japan. 216

Kami, A., Meyer, G., Jezzard, P., Adams, M.M., Turner, R. and Ungerleider, LG. (1995) 
Functional MRI evidence for adult motor cortex plasticity during motor skill learning. Nature 377, 
155-158.

Kawamata, T., Speliotes, E.K. and Finklestein, S.P. (1997) The role of polypeptide growth factors 
in recovery from stroke. Advances In Neurology 73, 377-382.

Keele, S.W. and Ivry, R. (1990) Does the cerebellum provide a common computation for diverse 
tasks? A timing hypothesis. Annals of the New York Academy of Sdence 608,179-211.

Keenan, M.A., Perry, J. and Jordan, C. (1984) Factors affecting balance and ambulation 
following stroke. Clinical Orthopaedics 182,165-171.

Keith, R.A., Wilson, D.B. and Gutierrez, P. (1995) Acute and subacute rehabilitation for stroke: a 
comparison. Archives of Physical and Medical Rehabilitation 76, 496-500.

473



Kelley, D.L., Dainis, A. and Wood, G.K. (1976) Mechanics and muscular dynamics of rising from 
a seated position. In: Komi, P.V. (Ed.) pp. 127-134. University Park Press, Baltimore.

Kerr, KM , White, J A , Mollan, R A B and Baird, H E (1991) Rising from a chair a review of the 
literature. Physiotherapy 7 7 ,15-19.

Kerr, KM., White, J.A., Barr, D.A. and Mollan, R.A.B. (1994a) Standardisation and definitions of 
the sit-stand-sjt movement cycle. Gait and Posture 2,182-190.

Kerr, K.M., White, J.A., Barr, D.A. and Mollan, R.A.B. (1994b) Analysis of the sit-stand-sit 
movement cycle: development of a measurement system. Gait and Posture 2,173-181.

Kerr, K.M., White, J.A., Barr, D.A. and Mollan, R.A.B. (1997) Analysis of the sit-stand-sit 
movement cycle in normal subjects. Clinical Blomechanlcs 12, 236-245.

Keshner, E.A. (1981) Re-evaluating the theoretical model underlying the neurodevelopmental 
theory: a literature review. Physical Therapy BA, 1035-1040.

Kimura, D. (1977) Acquisition of motor skill after left-hemisphere damage. Brain 100, 527-542.

King, M B., Judge, J.O. and Wolfson, L. (1994) Functional base of support decreases with age. 
Journal of Gerontology 49, M258-263.

Kngs Fund Forum (1988) Consensus conference. Treatment of stroke. British Medical Journal 
297, 126-128.

Kingsley, R.E. (1996) Concise Text of Neuroscience, Williams and Wilkins, Baltimore.

Kirby, R.L, Price, N.A. and MacLeod, D.A. (1987) The influence of foot position on standing 
balance. Journal of Blomechanlcs 20, 423-427.

Kluzik, J., Fetters, L. and Coryell, J. (1990) Quantification of control: a preliminary study of 
effects of neurodevelopmental treatment on reaching in children with spastic cerebral palsy. 
Physical Therapy 70, 65-78.

Knott, M. and Voss, D.E. (1968) Proprioceptive neuromuscular facilitation. Harper and Row, New 
York.

Knudson, D.V. and Johnston, D. (1993) Comparison of EMG normalisation methods in a sit-to- 
stand movement. Joumal of Human Movement Studies 25, 39-50.

Kotake, T,, Dohi, N., Kajiwara, T., Sumi, N., Koyama, Y. and Miura, T. (1993) An analysis of sit- 
to-stand movements. Archives of Physical and Medical Rehabilitation 74,1095-1099.

Kotila, M., Waltimo, 0., Niemi, M., Laaksonen, R. and Lempinen, M. (1984) The profile of 
recovery from stroke and factors influencing outcome. Stroke 15,1039-1044.

Kralj, A., Jaeger, R.J. and Munih, M. (1990) Analysis of standing up and sitting down in humans: 
definitions and normative data presentation. Joumal of Blomechanlcs 23,1123-1138.

Kwakkel, G., Wagenaar, R.C., Koelman, T.W., Lankhorst, G.J. and Koetsier, J.C. (1997) Effect of 
intensity of rehabilitation after stroke: a research synthesis. Stroke 28,1550-1556.

474



Lane, R.E.J. (1978) Facilitation of weight transference in the stroke patient. Physiotherapy S4, 
260-264.

LaPier, K.T.L., Liddle, S. and Bain, C. (1997) A comparison of static and dynamic standing 
balance in older men versus women. Physiotherapy Canada 49, 207-213.

Lee, M.Y., Wong, M.K., Tang, F T., Cheng, P.T. and Lin, P.S. (1997) Comparison of balance 
responses and motor patterns during sit-to-stand task with functional mobility in stroke patients. 
American Journal of Physical Medicine and Rehabilitation 76, 401 -410.

Lee, R.G. and van Donkelaar, P. (1995) Mechanisms underlying functional recovery following 
stroke. Canadian Joumal of Neurological Science 22, 257-263.

Lee, T.D., White, M.A. and Carnahan, H. (1990) On the Role of Knowledge of Results in Motor 
Learning: Exploring the Guidance Hypothesis. Joumal of Motor Behavior 22 ,191-208.

Lee, T.D., Swanson, L.R. and Hall, A.L. (1991) What is Repeated in a Repetition? Effects of 
Practice Conditions on Motor Skill Acquisition. Physical Therapy 7 ,̂ 150-156.

Lee, T.D. and Magill, R.A. (1983) The Locus of Contextual Interference in Motor-Skill Acquisition. 
Joumal of Experimental f^ychology (beaming, Memory and Cognition) 9, 730-746.

Lee, W.A., Demming, L.R. and Sahgal, V. (1988) Quantitative and clinical measures of static 
standing balance in hemiparetic and normal subjects. Physical Therapy 68, 970-976.

Lee, W.A. and Demming, L.R. (1988) Age related changes in the size of the effective base 
during standing. Physical Therapy 68, 859

Lehmann, J.F., Boswell, S., Price, R., Burleigh, A., deLateur, B.J., Jaffa, KM. and Hertling, D. 
(1990) Quantitative evaluation of sway as an indicator of functional balance in post-traumatic 
brain injury. Archives of Physical and Medical Rehabilitation 71, 955-962.

Lennon, S. (1996) The Bobath concept: a critical review of the theoretical assumptions that guide 
physiotherapy practice in stroke rehabilitation. Physical Therapy Reviews 1, 35-45.

Leonard, E. (1990) Balance tests and balance responses: performance changes following a 
CVA. A review of the literature. Physiotherapy Canada 42, 68-72.

Lettinga, A T., Mol, A., Holders, P.J.M. and Rispens, P. (1997) Differentiation as a qualitative 
research strategy. A comparative analysis of Bobath and Brunnstrôm approaches to treatment of 
stroke patients. Physiotherapy 83, 538-546.

Levin, 0. and Mizrahi, J. (1996) An iterative model for estimation of the trejectory of centre of 
gravity from bilateral reactive force measurements in standing sway. Galt and Posture 4, 89-99.

Libman, R.B., Sacco, R.I., Shi, T., Tatemichi, T.K and Mohr, J.P. (1992) Neurologic improvement 
in pure motor hemiparesis: implications for clinical trial. Neurology 4 2 ,1713-1716.

Lichenstein, M., Burger, M.C., Shields, S.L. and Shiavi, R.G. (1990) Comparison of 
biomechanics platform measure and videotaped measures of gait with a clinical mobility scale in 
elderly women. Joumal of Gerontology 45, M49-54.

Lincoln, N. and Leadbitter, D. (1979) Assessment of motor function in stroke patients. 
Physiotherapy 65, 48-51.

475



Lincoln, N.B., Willis, D., Philips, S.A., Juby, L.C. and Beman, P. (1996) Comparison of 
rehabilitation practice on hospital wards for stroke patients. Stroke 27,18-23.

Lincoln, N.B., Drummond, A.E.R. and Berman, P. (1997) Perceptual impairment and its impact 
on rehabilitation outcome. Disability and Rehabilitation 19, 231-234.

Linden, C.A., Uhley, J.E., Smith, D. and Bush, M.A. (1989) The effects of mental practice on 
walking balance in an elderly population. The Occupational Therapy Joumal of Research 9,155- 
169.

Lindgren, A., Norrving, B., Rudling, 0. and Johansson, B.B. (1994) Comparison of clinical and 
neuroradiological findings in first-ever stroke: a population based study. Stroke 25,1371-1377.

Lindley, R.I., Warlow, C.P., Wardlaw, J.M., Dennis, M.S., Slattery, J. and Sandercock, P.A.G. 
(1993) Interobserver reliability of a clinical classification of acute cerebral infarction. Stroke 24, 
1801-1804.

Lindmark, B. and Hamrin, E. (1995) A five-year follow-up of stroke survivors: motor function and 
activities of daily living. Clinical Rehabilitation 9, 1-9.

Liston, R.A.L. and Brouwer, B.J. (1996) Reliability and validity of measures obtained from stroke 
patients using the Balance Master. Archives of Physical and Medical Rehabilitation 77, 425-430.

Llinas, R. and Welsh, J.P. (1993) On the cerebellum and motor learning. Current Opinion In 
Neurobiology 3, 958-965.

Loewen, S.C. and Anderson, B.A. (1991) Predictors of stroke outcome using objective 
measurement scales. Stroke 21, 78-81.

Logigian, M.K, Samuels, M.A., Falconer, J. and Zagar, R. (1983) Clinical exercise trial for stroke 
patients. Archives of Physical and Medical Rehabilitation 64, 3 64 ^ 7 .

Lord, J.P. and Hall, K. (1986) Neuromuscular re-education versus traditional programs for stroke 
rehabilitation. Archives of Physical and Medical Rehabilitation 67, 88-91.

Lord, M., Kinnear, E. and Smith, D M. (1982) Video aid to rehabilitation of standing balance. 
Medical and Biological Engineering and Computing 20, 281 -285.

Lowe, D. (1993) Planning for medical research: a practical guide to research methods,
Astraglobe Ltd, Middlesborough.

Lowery, L.L. and Johnson. F. (1985) Empirical verification of a linked-segment model of rising 
from a chair. In: Whittle, M. and Harris, D. (Eds.) Bbmechanlcal measurement In orthopaedic 
practice, Oxford Science Publications, Oxford.

Lucy, D.S. and Hayes, K.L. (1985) Postural sway profiles: normal subjects and subjects with 
cerebellar ataxia. Physiotherapy Canada 37,140-148.

Luders, H.O., Comair, Y.G., Bleasel, A.F. and Holthausen, H. (1997) Recovery of function 
following lesions of eloquent brain areas. Advances In Neurology 73, 335-346.

Magill, R.A. (1993) Motor teaming. Concepts and applications. 4th edn. WCB Brown and 
Benchmark, Oxford.

476



Magill, R.A. and Hall, K.G. (1990) A Review of the Contextual Interference Effect in Motor Skill 
Acquisition. Human Movement Science 9, 241-289.

Magnan, A., Bradford, J , McFadyen. J and St-Vincent, G (1996) Modification of the sit-to-stand 
task with the addition of gait initiation. Gait and Posture 4, 232-241.

Mahoney, F.l. and Barthel, D.W. (1965) Functional evaluation, pp.61-65. Rehabilitation notes: 
Rehabilitation Section, Baltimore City Medical Society.

Maki, B E. and Mcllroy, W.E. (1997) The role of limb movements in maintaining upright stance: 
the "change-in-support" strategy. Physical Therapy 77, 488-507.

Marteniuk, R.G. (1979) Motor Skill Performance and Learning: Considerations for Rehabilitation. 
Physiotherapy Canada 31,187-202.

Mauritz, KH., Hesse, S. and Platz, T. (1997) Late recovery of motor functions. Advances in 
Neurology 73, 395-408.

Mayo, N., Komer-Bitensky, N. and Kaizer, F. (1990) Relationship between response times and 
falls among stroke patients undergoing physical rehabilitation. International Joumal of 
Rehabilitation Research 13, 47-55.

Mayo, N.E., Komer-Bitensky, N.A. and Becher, R. (1991) Recovery time of independent function 
post stroke. Joumal of Physical Medicine and IRehabilltatlon 70, 5-12.

McClenaghan, B.A. (1989) Sitting stability of selected subjects with cerebral palsy. Clinical 
Blomechanlcs 4, 213-216.

McCollum, G. and Lean, T. (1989) Form and exploration of mechanical stability limits in erect 
stance. Joumal of Motor Behavior 2 ,̂ 225-238.

Mcllroy, W.E. and Maki, B E. (1997) Preferred placement of feet during quiet stance; 
development of a standardised foot placement for balance testing. Clinical Blomechanlcs 12, 66- 
70.

McRae, J.F. (1994) Rehabilitation of hemiplegia: functional outcomes and treatment of postural 
control. Physical Therapy 74, S119(Abstract)

Meadows PM, Winstein CJ, and Bowman BR. (1985) Weight transfer training using biofeedback 
and electrical stimulation. Proceedings of RESNA 8th Annual Conference, Memphis,
Tennessee. 117-119.

Mechling, R.W. (1986) Objective assessment of postural balance through use of the variable 
resistance balance board. Physical Therapy 66, 686-688.

Milette, D. and Rine, R.M. (1987) Head and trunk movement responses in healthy children to 
induced versus self-induced lateral tilt. Physical Therapy 37, 1697-1702.

Millington, P.J., Myklebust, B.M. and Shambes, G.M. (1992) Biomechanical analysis of the sit-to- 
stand motion in elderly persons. Archives of Physical and Medical Rehabilitation 73, 609-617.

Miyai, I., Blau, A.D., Reding, M.J. and Voipe, B.T. (1997) Patients with stroke confined to basal 
ganglia have diminished response to rehabilitation efforts. Neurology 48, 95-101.

477



Mizrahi, J., Najenson, T. and Nissel, R. (1985) Asymmetry and total activity analysis of postural 
sway motion in CVA patients. Medical and Biological Engineering and Computing 23, 418-419.

Mizrahi, J., Soizi, P., Ring, H. and Nisell, R. (1989) Postural stability in stroke patients: vectorial 
expression of asymmetry, sway activity and relative sequence of reactive forces. Medical and 
Bbloglcal Engineering and Computing 27, 181 -190.

Montgomery, P C (1985) Sensory information and geographical orientation in healthy subjects. 
Physical Therapy 65,1471 -1477.

Montgomery, P C. and Connolly, B.H. (1991) Motor control and physical therapy. Theoretical 
framework, practical appllcatbn. Chattanooga Group Inc, Hixson, USA.

Moore, G. and Jorgenson, D. (1984) Weight distribution monitor. Physiotherapy 7 0 ,118

Moore, S.M., Brunt, D., Nesbitt, M.L. and Juarez, T. (1992) Investigation of evidence for 
anticipatory postural adjustments in seated subjects who performed a reaching task. Physical 
Therapy 72, 335-343.

Moore, S.M. and Brunt, D. (1991 ) Effect of trunk support and target distance on postural 
adjustments prior to rapid reaching task by seated subjects. Archives of Physical and Medical 
Rehabllltatbn 72, 638-641.

Morgan, A. (1994) The relationship between sitting balance and outcome in stroke. Australian 
Joumal of Physiotherapy 40, 91 -96.

Mourey, P., Pozzo, T., Rouchier-Marcer, I. and Didier, J. (1998) A kinematic comparison between 
elderly and young subjects stand up from and sitting down in a chair. Age and Ageing 27, 137- 
146.

Mudie, M.H. and Matyas, T.A. (1996) Upper extremity retraining following stroke: effects of 
bilateral practice. Joumal of Neurological Rehabllltatbn 10,167-184.

Mulder, T. (1991) Current ideas on motor control and learning: implications for therapy. In: lllis,
L. (Ed.) Spinal cord Injury. Treatment and Intervention, Oxford University Press, Oxford.

Mungovan S and Shepherd RB. (1991) The effect of specific standing up training on functional 
outcome following stroke. Proceedings of the World Confederation of Physical Therapy, 11* 
International Congress, London. 478-480.

Munton, J.S., Ellis, M l., Chamberlain, M.A. and Wright, V. (1981) An investigation into the 
problmes of easy chairs used by the arthritic and elderly. Rheumatology and Rehabilitation 20, 
164-173.

Munton, J.S., Ellis, M l. and Wright, V. (1984) Use of electromyography to study leg muscle 
activity in patients with arthritis and in normal subjects during rising from a chair. Annals of the 
Rheumatic Diseases 43, 63-65.

Murphy, S.M. (1994) Imagery interventions in sport. Medicine and Scbnce In Sports and Exercise 
26, 486-494.

Murray, M.P., Seireg, A.A. and Sepic, S B. (1975) Normal postural stability and steadiness: 
quantitative assessment. Joumal of Bone and Joint Surgery 57A, 510-515.

478



Murray, M.P. and Peterson, R.M. (1973) Weight distribution and weight shifting activity during 
normal standing posture. Physical Therapy S3, 741-748.

Musa, I M (1986) The role of afferent input in the reduction of spasticity an hypothesis 
Physiotherapy 72,179-182.

Nakayama, H., Jorgensen, H.S., Raaschou, H.O. and Olsen, T.S. (1994) Compensation in 
recovery of upper extremity function after stroke: the Copenhagen stroke study. Archives of 
Physical and Medical Rehabilitation 75, 852-857.

Naqui, S.A.A. and Stobbe, T.J. (1992) Influence of chair features on ease of egress. Journal of 
Human Movement Studies 23, 151-164.

Nashner, L.M., Woollacott, M. and Tuma, G. (1979) Organisation of rapid responses to postural 
and locomotor-like perturbations to standing man. Experimental Brain Research 36, 462-476.

Nashner, L.M. (1982) Adaptation of human movement to altered environments. Trends In 
Neuroscience 5, 358-361.

Netz, J., Lammers, T. and Homberg, V. (1997) Reorganisation of motor output in the non
affected hemisphere after stroke. Brain 120,1579-1586.

Newell, KM. (1989) Search strategies and the acquisition of co-ordination. In: Wallace, S.A.
(Ed.) Perspectives In the co-ordination of movement, Elsevier Science Publishers, North-Holland, 
New York.

Newell, KM., van Emmerik, R.E.A., Lee, D. and Sprague, R.L. (1993) On postural stability and 
variability. Galt and Posture 4, 225-230.

Nichols, D.S., Hutchinson, K and Colby, L A. (1994) A correlational analysis of stroke patients' 
performance on the CTSIB and Chattecx dynamic balance unit. Physical Therapy 74,
S114( Abstract)

Nichols, D.S., Glenn, T.M. and Hutchinson, KJ. (1995) Changes in the mean centre of balance 
during balance testing in young adults. Physical Therapy 75, 699-706.

Nichols, D.S., Miller, L. and Colby, L A. (1996a) The relationship between sitting balance and 
function in individuals with hemiparesis. Physical Therapy 76, S80(Abstract)

Nichols, D.S., Miller, L, Colby, LA. and Pease, W.S. (1996b) Sitting balance: Its relation to 
function in individuals with hemiparesis. Archives of Physical and Medical Rehabilitation 77, 865- 
869.

Nichols, D.S. (1997) Balance retraining after stroke using force platform biofeedback. Physical 
Therapy 77, 553-558.

Nilsson, L. and Nordholm, L. (1992) Physical therapy in stroke rehabilitation: bases for Swedish 
physiotherapists' choice of treatment. Physiotherapy Theory and Practice 8, 49-55.

Nirkko, A C., Rosier, KM., Ozdoba, C., Held, 0., Scroth, G. and Hess, C.W. (1997) Human 
cortical plasticity: functional recovery with mirror movements. Neurology 4 8 ,1090-1093.

479



Nitz, J. and Gage, A. (1995) Post stroke recovery of balanced sitting and ambulation ability. 
Australian Joumal of Physiotherapy 4^, 263-267.

Nolte, J. (1993) The human brain. An introduction to it's functional anatomy, 3rd edn. Mosby 
Year Book, Missouri.

Nudo, R.J., Wise, B.M., SiFuentes, F. and Milliken, G.W. (1996) Neural substrates for the effects 
of rehabilitative training on motor recovery after ischaemic infarct. Science 272,1791-1794.

Nuzik, S., Lamb, R., VanSant, A. and Hirt, S. (1986) Sit-to-stand movement pattern: a kinematic 
study. Physical Therapy S3, 1708-1713.

Nymark, J., OIney, S., McNamara, P., Lyonnais, S., Paquih, M.A. and Zee, B. (1994) The 
relationship of impaired balance and functional mobility in the rehabilitation of stroke patients. 
Physical Therapy 74, SI 23(Abstract)

Olsen, T.S. (1990) Arm and leg paresis as outcome predictors in stroke rehabilitation. Stroke 
21, 247-251

Orma, E.J. (1957) The effects of cooling the feet and closing the eyes on standing equilibrium. 
Different pattern of standing equilibrium in young adult men and women. ACTA Physiologica 
Scandlnavica 38, 228-297.

Oyster, C.K. (1987) Introduction to research: a guide for the health science professional, JB 
Lippincott Co. Philadelphia.

Pai, Y., Naughton, B.J., Chang, R.W. and Rogers, M.W. (1994a) Control of body centre of mass 
momentum during sit-to-stand among young and elderly adults. Galt and Posture 2,109-116.

Pai, Y., Rogers, M.W., Hedman, L.D. and Hanke, T.A. (1994b) Alterations in weight-transfer 
capabilities in adults with hemiparesis. Physical Therapy 74, 647-659.

Pai, Y. and Lee, W.A. (1994) Effect of terminal constraint on control of balance during sit-to- 
stand. Journal of Motor Behavior 23, 247-256.

Pai, Y. and Rogers, M.W. (1990) Control of body mass transfer as a function of speed of ascent 
in sit-to-stand. Medldne and Science In Sports and Exerdse 22, 378-384.

Pai, Y. and Rogers, M.W. (1991a) Segmental contribution of total body momentum in sit-to- 
stand. Medldne and Sdence In Sports and Exerdse 23, 225-230.

Pai, Y. and Rogers, M.W. (1991b) Speed variation and resultant joint torques during sit-to-stand. 
Archives of Physical and Medical Rehabilitation 72,881-885,

Partridge, C. and Edwards, S. (1988) Recovery curves as a basis for evaluation. Physiotherapy 
74, 141-143.

Partridge, C.J., Morris, L.W. and Edwards, M.S. (1993a) Recovery from physical disability after 
stroke: profiles of different levels of starting severity. Clinical RehabllltatliDn 7, 210-217.

Partridge, C.J., Morris, L.W. and Edwards, M.S. (1993b) Recovery from physical disability after 
stroke: normal patterns as a basis for evaluation. The Lancet, Feb 14*, 373-375.

480



Partridge, C.J. (1996) Physiotherapy approaches to the treatment of neurological conditions - an 
historical perspective. In: Edwards, S. (Ed.) Neurological physiotherapy. A problem-solving 
approach, Churchill Livingstone, London.

Pascuale-Leone, A., Grafman, J. and Hallett, J. (1994) Modulation of cortical motor output maps 
during development of implicit and explicit knowledge. Science 263, 1287-1289.

Passarella, P.M. and Lewis, N. (1987) Nursing application of Bobath principles in stroke care. 
Joumal of Neuroscience and Nursing 19,106-109.

Patia, A., Frank, J. and Winter, D. (1990) Assessment of balance control in the elderly: major 
issues. Physiotherapy Canada 42, 89-97.

Paul, J.P. (1997) Report of laboratory studies. Department of Bioengineering, University of 
Strathclyde. (Personal communication).

Peeters, H.P.M., Caberg, H.B. and Moi, J.M.F. (1985) Evaluation of biomechanical models in 
posturography. Medical and Biological Engineering and Computing 23, 469-473.

Pew, R.W. (1974) Levels of analysis in motor control. Brain Research 71, 393-400.

Platz, T., Denzler, P., Kaden, B. and Mauritz, K.H. (1994) Motor learning after recovery from 
hemiparesis. Neuropsychologica 32, 1209-1223.

Polgar, S. and Thomas, S.A. (1988) Introduction to research In the health sciences, Churchill 
Livingstone, London.

Poyezdala, J.J. and Jaeger, R.J. (1984) Measurement of weight bearing during standing. Joumal 
of Rehabilitation Research and Development 21, 46-49.

Rauscheder, J.P. (1997) Mechanisms of compensatory plasticity in the cerebral cortex.
Advances In Neurology 73, 137-146.

Raymond, J.L., Lisberger, S.G. and Mauk, M.D. (1996) The cerebellum: a neuronal learning 
machine? Science 24,1126-1131.

Reid, D.T., Sochaniwskyj, A. and Milner, M. (1991) An investigation of postural sway in sitting in 
normal children and children with neurological disorders. Physical and Occupational Therapy In 
P a e d ia tr ic s 19-35.

Riach, C.L. and Starkes, J.L. (1993) Stability limits of quiet standing postural control in children 
and adults. Galt and f^sture 1,105-111.

Richards, C.L, Malouin, F., Wood-Dauphinee, S., Williams, J.I., Bouchard, J. and Brunet, D. 
(1993) Task-specific physical therapy for optimization of gait recovery in acute stroke patients. 
Archives of Physical and Medical Rehabilitation 70, 755-762.

Riley, P.O., Mann, R.W. and Hodge, W.A. (1990) Modelling of the biomechanics of posture and 
balance. Journal of Blomechanlcs 23, 503-506.

Riley, P.O., Schenkman, M L., Mann, R.W. and Hodge, W.A. (1991) Mechanics of constrained 
chair-rise. Joumal of Blomechanlcs 2A, 77-85.

481



Ring, C., Nayak, L. and Isaacs, B. (1988) Balance functions in elderly people who have and have 
not fallen. Archives of Physical and Medical Rehabilitation 64, 261-264.

Roberts, T.D.M. (1995) Understanding balance. The mechanics of posture and locomotion, 
Chapman and Hall, London.

Roberts, T.D.M. and Stenhouse, G. (1978) The nature of postural sway. Agressologle 17, 11-14.

Rode, G., Tiliket, C. and Boisson, D. (1997) Predominance of postural imbalance in left 
hemiparetic patients. Scandinavian Journal of Rehabilitative Medldne 29,11-16.

Rodosky, M.W., Andriacchi, T.P. and Andersson, G.B.J. (1989) The influence of chair height on 
lower limb mechanics during rising. Journal of Orthopaedic Research 7, 266-271.

Roebroeck, M.E., Doorenbosch, C A M., Harlaar, J., Jacobs, R. and Lankhorst, G.J. (1994) 
Biomechanics of muscular activity during sit-to-stand transfer. Clinical Blomechanlcs 9, 235-244.

Roorda, L.D., Roebroeck, M E., Lankhorst, G.J., van Tilburg, T. and Bouter, L.M. (1996) 
Measuring functional limitation in rising and sitting down: development of a questionnaire. 
Archives of Physical and Medical Rehabilitation 77, 663-669.

Rosenzweig, M R. and Bennett, E.L. (1996) Pschobiology of plasticity effects of training and 
experience on brain and behavior. Behavioral Brain Research 78, 57-65.

Rothwell, J.C. (1994) Control of human voluntary movement, 2nd edn. Chapman and Hall, 
London.

Ryerson, S.D. (1995) Hemiplegia. In: Umphred, D.A. (Ed.) Neurological Rehabilitation, 3rd edn. 
Mosby - Year book Inc. St. Louis.

Sabatini, U., Toni, D., Pantano, P., Brughitta, G., Padovani, A., Bozzao, L. and Lenzi, G.L. (1994) 
Motor recovery after early brain damage. A case of brain plasticity. Stroke 26, 514-517.

Sackley, C M. (1990) The relationships between weight bearing asymmetry after stroke, motor 
function and activities of daily living. Physiotherapy Theory and Practice 3 ,179-185.

Sackley, C M. (1991) Falls, sway and symmetry of weight bearing after stroke. Intematlonal 
Disability Studies 13,1-4.

Sackley, C M., Baguley, B.I., Gent, S. and Hodgson, P. (1992) The use of a balance 
performance monitor in the treatment of weight bearing and weight transference problems after 
stroke. Physiotherapy 73, 907-913.

Sackley, C M. and Baguley, B.l. (1993) Visual feedback with the balance performance monitor: 
two single-case studies. Clinical Rehabilitation 7,189-195.

Sackley, C M. and Gladman, J.R.F. (1998) The evidence for rehabilitation after severely 
disabling stroke. Physical Therapy Reviews Z, 19-30.

Sackley, C M. and Lincoln, N.B. (1991) Weight distribution and postural sway in healthy adults. 
Clinical Rehabilitation 5,181 -186.

Sackley, C M. and Lincoln, N.B. (1996) Physiotherapy treatment for stroke patients: a survey of 
current practice. Physiotherapy Theory and Practice 12, 87-96.

482



Sackley, C.M. and Lincoln, N.B. (1997) Single blind randomised controlled trial of visual 
feedback after stroke: effects on stance symmetry and function. Disability and Rehabilitation 19, 
536-646.

Saladin, L.S., Baghdady, M., Nichols, L. and Logan, S. (1994) The effects of reduced relative 
frequency of feedback on motor learning in stroke patients. Physical Therapy 74, SI 22(Abstract)

Salmoni, A.W., Schmidt, R.A. and Walter, C.B. (1984) Knowledge of Results and Motor 
Learning: A Review and Critical Reappraisal. Psychological Bulletin 95, 355-386.

Samson, M. and Crowe, A. (1996) Intra-subject inconsistencies in quantitative assessments of 
body sway. Gait and Posture 4, 252-257.

Sandin, KJ. and Smith, B.J. (1990) The measure of balance in sitting in stroke rehabilitation. 
Sfroke 21, 82-86.

Schenkman, M.L, Berger, R.A., Riley, P.O., Mann, R.W. and Hodge, W.A. (1990) Whole-body 
movements during rising to standing from sitting. Physical Therapy 70, 638-^1.

Schmidt, R.A. (1975) A schema theory of discrete motor skill learning. Pyschological Review 82, 
225-260.

Schmidt, R.A. (1988) Motor control and learning. A behavioral emphasis, 2nd edn. Human 
Kinetic Books, Champaign, Illinois.

Schmidt, R.A., Young, D.E., Swinnen, S. and Shapiro, D C. (1989) Summary Knowledge of 
Results for Skill Acquisition: Support for the Guidance Hypothesis. Joumal of Experimental 
Psychology (Learning, Memory and Cognition) 15, 352-359.

Schmidt, R.A. (1991) Motor learning and performance. From principles to practice. Human 
Kinetic Books, Champaign, Illinois.

Schultz, A.B., Alexander, N.B. and Ashton-Miller, J.A. (1992) Biomechanical analyses of rising 
from a chair. Joumal of Blomechanlcs 25, 1383-1391.

Schutter, E D. (1995) Cerebellar long-term depression might normalise excitation of purkinje 
cells: a hypothesis. Trends In Neuroscience 18, 291-295.

Seedhom, R.B. and Terayama, K (1976) Knee forces during the activity of getting out of a chair 
with and without the aid of arms. Biomedical Engineering 278-282.

Seeds, N.W., Williams, B.L. and Bickford, P C. (1995) Tissue plasminogen activator induction in 
purkinje neurons after cerebellar motor learning. Science 270,1992-1994.

Sail, F.J. (1997) Recovery and repair issues after stroke from the scientific perspective. Current 
Opinion In Neurology 10, 49-51.

Seitz, R.J. and Freund, H.J. (1997) Plasticity of the human motor cortex. Advances In Neurology 
73, 321-333.

Seliktar, R., Susak, Z , Najenson, T. and SoIzi, P. (1978) Dynamic features of standing and their 
correlation with neurological disorders. Scandinavian Joumal of Rehabilitative Medldne 10, 59- 
64.

483



Shea, C.H. and Kohl, R.M. (1990) Specificity and Variability of Practice. Research Quarterly for 
Exercise and Sport 61,169-177.

Shea, J.B. and Morgan, R.L. (1979) Contextual Interference Effects on the Acquisition,
Retention, and Transfer of a Motor Skill. Joumal of Experimental Psychology (Human Leaming 
and Memory) 6, 179-187.

Shepherd RB. (1991) The effects of active hip flexion on the extension phase of standing up. 
Proceeding of the World Confederation of Physical Therapy, 11* International Congress,
London. 1289-1291.

Shepherd, R.B. (1992) Adaptive motor behaviour in response to perturbations of balance. 
Physiotherapy Theory and Practice 8, 137-143.

Shepherd, R.B., Dean, C.M. and Hirschhom, A.D. (1997) Standing up and sitting down at two 
different seat heights. Proceedings of 16* annual meeting of the International Society of 
Biomechanics, Tokyo, Japan. 253

Shepherd, R.B. and Koh, H P. (1996) Some biomechanical consequences of varying foot 
placement in sit-to-stand in young women. Scandinavian Joumal of Rehabilitative Medicine 28, 
79-88.

Shields, R.W. and Cook, T.M. (1988) Effect of seat angle and lumbar support on seated buttock 
pressure. Physical Therapy 33, 1682-1686.

Shumway-Cook, A., Anson, D. and Haller, S. (1988) Postural sway biofeedback; its effect on re
establishing stance stability in hemiplegic patients. Archives of Physical and Medical 
Rehabilitation 69, 395-400.

Shumway-Cook, A. and Horak, F., B. (1986) Assessing the influence of sensory interaction on 
balance. Physical Therapy 33, 1548-1550.

Shumway-Cook, A. and McCollum, G. (1991) Assessment and treatment of balance deficits. In: 
Montgomery, P C. and Connolly, G.H. (Eds.) Motor control and physical therapy: theoretical 
framework and practical application, Chattanooga Group, Hixson, USA.

Shumway-Cook, A. and Woollacott, M. (1995) Motor control. Theory and practical applications, 
Williams and Wilkins, Baltimore.

Singer, R.N. (1977) To err or not to err: A Question for the Instruction of Psychomotor Skills. 
Review of Educational Research 47, 479-498.

Skilbeck, C.E., Wade, D.T., Langton Hewer, R. and Wood, V.A. (1983) Recovery after stroke. 
Joumal of Neurology. Neurosurgery and Psychiatry A3, 5-8.

Smith, A. (1993) Variability in human locomotion: are repeat trials necessary? Australian Joumal 
of Physiotherapy 39,115-123.

Smith, D.L., Akhtar, A.J. and Garraway, W.M. (1985) Motor function after stroke. Age and Ageing 
14, 46-48.

484



Smith, O.S., Goldenberg, E., Ashbum, A., Kinsella, G., Sheikh, K, Brennan, P.J., Meade, T.W., 
Zutshi, D.W., Perry, J.D. and Reeback, J.S. (1981) Remedial therapy after stroke: a randomised 
controlled trial. British Medical Joumal 282, 517-520.

Smith, M. and Baer, G.D. (in press) The achievement of simple mobility milestones following 
stroke. Archives of Physical and Medical Rehabilitation (in press).

Smith, M.E., Garraway, W.M., Smith, D.L. and Akhtar, A.J. (1982) Therapy impact on functional 
outcome in a controlled trail of stroke rehabilitation. Archives of Physical and Medical 
Rehabilitation 63, 21-24.

Smith, R.M. and Emans, J.B. (1992) Sitting balance in spinal deformity. Spine 17,1103-1109.

Stegmayr, B., Asplund, K., Kuulasmaa, K, Rajakangas, A., Thorvaldsen, P. and Tuomilehto, J. 
(1997) Stroke incidence and mortality correlated to stroke risk factors in the WHO MONICA 
project. Stroke 23, 1367-1374.

Stein, D C. and Glasier, M.M. (1992) An overview of developments in research on recovery from 
brain injury. Advances In Experimental Medldne and Biology 325,1-22.

Stephen, K. and Frackowiak, R.S.J. (1997) Recovery from subcortical stroke - PET activation 
patterns in patients compared with healthy subjects. Advances In Neurology 73, 311-320.

Stephenson, R. (1993) A review of neuroplasticity: some implications in the treatment of lesions 
of the brain. Physiotherapy 79, 699-704.

Stem, P H., McDowell, F., Miller, J.M. and Robinson, M. (1970) Effects of facilitation exercise 
techniques in stroke rehabilitation. Archives of Physical and Medical Rehabilitation 51, 526-531.

Stevens, C., Bojsen-Moller, F. and Soames, R.W. (1989) The influence of initial posture on the 
sit-to-stand movement. European Joumal of Applied Physiology S3, 687-692.

Stroke Unit Trialists' Collaboration (1997a) How do stroke units improve patient outcomes? A 
collaborative systematic review of the randomised trials. Stroke 23, 2139-2144.

Stroke Unit Trialists' Collaboration (1997b) Collaborative systematic review of the randomised 
trials of organised inpatient (stroke unit) care after stroke. British Medical Joumal 314,1151- 
1159.

Summers, J.J. (1981) Motor Program, Human Skills, Wiley, Chichester.

Sunderland, A., Tinson, D., Bradley, L, Fletcher, D., Langton Hewer, R. and Wade, D.T. (1992) 
Enhanced physical therapy improves recovery of arm function after stroke: A randomised 
controlled trial. Joumal of Neurology, Neurosurgery and Psychiatry SS, 530-535.

Sunderland, A., Fletcher, D., Bradley, L, Tinson, D., Langton Hewer, R. and Wade, D.T. (1994) 
Enhanced physical therapy for arm function after stroke: a one year follow up study. Joumal of 
Neurology, Neurosurgery and Psychiatry 57, 856-858.

Tanaka, S., Hachisuka, K. and Ogata, H. (1997) Trunk rotation in hemiplegic patients. American 
Joumal of Physical Medldne and Rehabllltatbn 76, 366-369.

Taylor, D., Ashbum, A. and Ward, C D. (1994) Asymmetrical trunk posture, unilateral neglect 
and motor performance following stroke. Clinical Rehabllltatbn 3, 48-53.

485



Tennant, A., Geddes, J.M.L, Fear, J., Hillman, M. and Chamberlain, M.A. (1997) Outcome 
following stroke. Disability and Rehabilitation 19, 278-284.

Thach, W T , Goodkin, H P and Keating, J G (1992) The cerebellum and the adaptive co
ordination of movement. Annual Review of Neuroscience 15, 403-442.

Thomas, D P. and Whitney, R.J. (1959) Postural movements during standing in man. Joumal of 
Anatomy 93, 524-541.

Thorvaldsen, P., Asplund, K., Kuulasmaa, K., Rajakangas, A. and Schroll, M. (1995) Stroke 
incidence, case fatality and mortality in the WHO MONICA project. Stroke 26, 361-367.

Thorvaldsen, P., Kuulasmaa, K, Rajakangas, A., Rastenyte, D., Sarti, C. and Wilheimson, L. 
(1997) Stroke trends in the WHO MONICA project. Stroke 28, 500-506.

Tinetti, M.T. (1986) Performance-oriented assessment of mobility problems in elderly patients. 
Journal of American Geriatric Society 3F, 119-126.

Titianova, E.B. and Tarkka, I.M. (1995) Asymmetry in walking performance and postural sway in 
patients with chronic unilateral cerebral infarction. Joumal of Rehabilitation Research and 
Development 32, 236-244.

Travlos, A.K. and Pratt, J. (1995) Temporal locus of knowledge of results: a meta-analytical 
review. Perceptual Motor Skills 80, 3-14.

Trombly, C.A. (1993) Observations of improvement of reaching in five subjects with hemiparesis. 
Joumal of Neurology, Neurosurgery and Psychiatry 56, 40-45.

Turnbull, G.l. (1982) Some leaming theory implications in neurological physiotherapy. 
Physiotherapy 68, 38-41.

Tumer-Stokes, L. and Tumer-Stokes, T. (1997) The use of standardised outcome measures in 
rehabilitation centres in the UK Clinical Rehabilitation 11, 306-313.

Valvano, J. and Long, T. (1991) Neurodevelopmental treatment: a review of the writings of the 
Bobaths. Paediatric Physical Therapy 3, 125-129.

van Vliet, P., Kerwin, D.G., Sheridan, M R. and Fentem, P. (1995a) A study of reaching 
movements in stroke patients. In: Harrison, M.A. (Ed.) Physiotherapy in stroke management, 
Churchill Livingstone, London.

van Vliet, P„ Sheridan, M„ Kerwin, D.G, and Fentem, P. (1995b) The influence of goals on the 
kinematics of reaching following stroke. Neurology Report 19,11-16.

van Vliet, P. (1997) An investigation of the task specificity of reaching. Implications for 
retraining. Physiotherapy Theory and Practice 9, 69-76.

van Vliet, P. (in press) Reaching, pointing and using two hands together. In: Durward, B.R., 
Rowe, P.J. and Baer, G. (Eds.) Fundlonal human movement: measurement and analysis, in 
press

486



Vender Linden, D.W., Brunt, D. and McCulloch, M.U. (1994) Variant and invariant characteristics 
of the sit-to-stand task in healthy elderly adults. Archives of Physical and Medical Rehabilitation 
75, 653-660.

VanSant, A.F. (1990a) Commentary in response to Schenkman et al (1990) Whole-tjody 
movements during rising to standing from sitting. Physical Therapy 70, 648-649.

VanSant, A.F. (1990b) Life-span development in functional tasks. Physical Therapy 70, 42-52.

VanSant, A.F. (1991) Motor Control, Motor Learning, and Motor Development. In: Montgomery,
P C. and Connolly, B.H. (Eds.) Motor Control and Physical Therapy, pp. 13-30. Chattanooga 
Group, Hixson, USA.

Vemazza, S., Cincera, M., Pedotti, A. and Massion, J. (1997) Feedforward and feedback control 
of center of gravity during lateral arm raising in man. Proceedings of IS*’ annual meeting of the 
International Society of Biomechanics, Tokyo, Japan. 9

Viitanen, M., Fugl-Meyer, KS., Bemspang, B. and Fugl-Meyer, A.R. (1980) Life satisfaction in 
long-term survivors after stroke. Scandinavian Journal of Rehabilitati^ Medicine 20,17-24.

Wade, D.T., Skilbeck, C.E. and Langton Hewer, R. (1983) Predicting Barthel ADL score at 6 
months after an acute stroke. Archives of Physical and Medical Rehabilitation 64, 24-28.

Wade, D.T., Langton Hewer, R. and Wood, V.A. (1984) Influence of patient's sex and side of 
weakness on outcome. Archives of Physical and Medical Rehabilitation 65, 513-516.

Wade, D.T., Langton Hewer, R., Skilbeck, C.E. and David, R.M. (1985a) Stroke, a critical 
approach to diagnosis and management. Chapman and Hall, London.

Wade, D.T., Wood, V.A. and Langton Hewer, R. (1985b) Recovery after stroke - the first 3 
months. Joumai of Neurology, Neurosurgery and Psychiatry 48, 7-13.

Wade, D.T. (1992) Measurement in neurological rehabilitation, Oxford University Press, Oxford.

Wade, D.T., Collen, F.M., Robb, G.F. and Warlow, C.P. (1992) Physiotherapy intervention late 
after stroke. British Medical Joumai 304, 609-613.

Wade, D.T. and Langton Hewer, R. (1987) Functional abilities after stroke: measurement, natural 
history and prognosis. Joumai of Neurology, Neurosurgery and Psychiatry SO, 177-182.

Wade, L.D., Canning, C.G., Fowler, V., Felmingham, K.L. and Baguley, I.J. (1997) Changes in 
postural sway and performance of functional tasks during rehabilitation after traumatic brain 
injury. Archives of Physical and Medical Rehabilitation 78, 1107-1 111.

Wade, M.G. and Jones, G. (1997) The role of vision and spatial orientation in the maintenance 
of posture. Physical Therapy 77, 619-628.

Wagenaar, R.C. (1990) Functional recovery after stroke. VU University Press, Amsterdam.

Wagonaar, R.C., Moijor, O.G., van Wioringon, P.C.W., Kuik, D.J., Hazenberg, G.J., Lindeboom, 
J., Wickers, F. and Rijseijk, H. (1990) The functional recovery of stroke: a comparison between 
neurodevelopmental treatment and the Brunnstrom method. Scandinavian Joumai of 
Rehabilitative Medicine 2 2 ,1-7.

487



Wainberg, M.C. (1988) Plasticity of the central nervous system: functional implication for 
rehabilitation. Physiotherapy Canada 40, 224-232.

Wall, J.C. and Turnbull, G.l. (1986) Gait asymmetries in residual hemiplegia. Archives of 
Physical and Medical Rehabilitation 67, 550-553.

Wall, P.O. (1980) Mechanisms of plasticity of connection following damage in adult mammalian 
nervous systems. In: Bach-y-Rita, P. (Ed.) Recovery of function. Theoretical considerations for 
brain injury rehabilitation, University Park Press, Baltimore.

Wallace, S.A. and Hagler, R.W. (1979) Knowledge of Performace and the Learning of a Closed 
Motor Skill. Research Quarterly SO, 265-271.

Warlow, C.P., Dennis, M.S., van Gijn, J., Hankey, G.J., Sandercock, P.A.G., Bamford, J. and 
Wardlaw, J. (1996) Stroke. A practical guide to management, Blackwell Science, Oxford.

Weiner, D.K, Bohgiomi, D R., Studenski, S.A., Duncan, P.W. and Kochersberger, D.G.G. (1993) 
Does functional reach improve with rehabilitation? Archives of Physical and Medical 
Rehabilitation 74, 796-800.

Wheeler, J., Woodward, C., Ucovich, R.L., Perry, J. and Walker, J.M. (1985) Rising from a chair 
influence of age and chair design. Physical Therapy 65, 22-26.

Wilkinson, P R., Wolfe, C.D.A., Warburton, F.G., Rudd, A.G., Howard, R.S., Ross-Russell, R.W. 
and Beech, R.R. (1997) A long term follow up for stroke patients. Stroke 28, 507-512.

Williams, H.G., McClenaghan, B.A. and Dickerson, J. (1997) Spectral characteristics of postural 
sway in elderly individuals. Archives of Physical and Medical Rehabilitation 78, 737-744.

Wing, A M., Lough, S., Turton, A., Fraser, C. and Jenner, J R. (1990) Recovery of elbow function 
in voluntary positioning of hand following hemiplegia due to stroke. Journal of Neurology, 
Neurosurgery and Psychiatry 53,126-134.

Wing, A M., Barton, J., Turton, A. and Howick, I. (1992) Regulation of lateral position of body 
centre of mass in standing balance. Physiotherapy Theory and Practice 8,131-135.

Winstein, C.J., Gardner, E.R., McNeil, D R., Barto, P S. and Nicholson, D.E. (1989) Standing 
balance training: effect of balance and locomotion in hemiparetic adults. Archives of Physical 
and Medical Rehabilitatbn 70, 755-762.

Winstein, C.J. (1991) Knowledge of Results and Motor Learning - Implications for Physical 
Therapy. Physical Therapy 71,140-149.

Winstein, C.J. and Pohl, P S. (1995) Effects of unilateral brain damage on the control of goal- 
directed hand movement. Experimental Brain Research 105,163-174.

Winter, D.A., Patia, A.E. and Frank, J.S. (1990) Assessment of balance control in humans. 
Medical Progress through Technology 16, 31-51.

Winter, D A. (1995) Human balance and posture control during standing and walking. Gait and 
Postures, 193-214.

Wissel, J., Ebersbach, G., Gutjahr, L. and Dahlke, F. (1989) Treating chronic hemiparesis with 
modified biofeedback. Archives of Physical and Medical Rehabilitation 70, 612-617.

488



Wolf, S.L., Lecraw, D.E., Barton, L A. and Jann, B.B. (1989) Forced use of hemiplegic upper 
extremities to reverse the effect of learned non-use among chronic stroke and head-injured 
patients. Experimental Neurology ^04, 125-132.

Wolfson, L.I., Whipple, R., Amerman, P. and Kleinberg, A. (1986) Stressing the postural 
response: a quantitative method of testing balance. Journal of the American Geriatric Society Z4, 
845-850.

Woollacott, M.H. and Tang, P.F. (1997) Balance control during walking in the older adult: 
research and its implications. Physical Therapy 77, 646-660.

World Health Organisation (1989) Recommendation on stroke prevention, diagnosis and 
therapy. Report of the World Health Organisation task force on stroke and other 
cerebrovascular disorders. Stroke 20, 1407-1443.

Wretenberg, P., Lindberg, F. and Arborelius, U P. (1993) Effects of armrests and different ways 
of using them on hip and knee load during rising. Clinical Blomechanlcs 8, 95-101.

Wu, S.H., Huang, H., Lin, C. and Chen, M. (1996) Effects of a program on symmetrical posture in 
patients with hemiplegia: a single subject design. The American Joumai of Occupational Therapy 
50, 17-23.

Wyller, T.B., Sodring, K.M., Sveen, U., Ljunggren, A.E. and Bautz-Holter, E. (1997a) Are there 
gender differences in functional outcome after stroke? Clinical Rehabilitation 11,171-179.

Wyller, T.B., Sveen, U., Sodring, K.M., Petterson, A.M. and Bautz-Holter, E. (1997b) Subjective 
well-being one year after stroke. Clinical Rehabilitation 11,139-145.

Yoshida, K., Iwakura, H. and Inoue, F. (1983) Motion analysis in the movements of standing up 
from and sitting down on a chair. Scandinavian Joumai of Rehabilitative Medicine 15,133-140.

Zacharkow, D. (1988) Posture, sitting, standing, chair design and exercise, Charles Thomas, 
Springfield, Illinois, USA.

Zohany, E., Celebrini, S., Britten, K.H. and Newsome, W.T. (1994) Neuronal plasticity that 
underlies improvement in perceptual performance. Science 263, 1289-1293.

489



Appendix A : The Barthel Index

Activity Score C riteria
Feeding 2 Independent

1 Needs help
0 Dependent

Grooming 1 Independent
0 Dependent

Bowels 2 Fully continent
1 Occasional accident
0 Incontinent

Bladder 2 Fully continent
1 Occasional accident
0 Incontinent

Dressing 2 Independent
1 Needs help
0 Dependent

Chair/bed transfer 3 Independent
2 Minimum help
1 Able to  sit
0 Dependent

Toilet 2 Independent
1 Needs help
0 Dependent

Mobility 3 Independent walking
2 Minimal help
1 Independent in wheelchair
0 Immobile

Stairs 2 independent
1 Needs help
0 Dependent

Bathing 1 Independent
0 Dependent

Assessment o f the Barthel Index gives a score from 0 to  20, inclusive.
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Appendix B : Details of measurement equipment

Backrest switch
Low profile pressure switch (Radiospares 317-156). Triggered by forces greater than 14N.

Seat and foot force measuring sections
Each individual load measuring quadrant comprised four micro-measurement foil strain gauges, with gauge 
lengths o f  1.57mm (EA-06-062 AA -  120), and connected to a full bridge configuration to ensure that the 
vertical component o f the load on the loading surface was measured independently o f the application point.

Strain gauge ampiifiers
Commercially available units -  Fylde FE-359-TA bridge/transducer amplifiers. .
10 amplifiers were used; 4 for the seat sections, 4 for the foot sections, 2 for the arm rests.
The gain settings on each amplifier were individually adjusted to  establish an output o f  4 computer units for 
every IN  o f force.

Anaiogue to digitai converter
Multi-channel external analogue to digital converter, 8 channel, 12 bit, system giving resolution o f  4096 
units in each channel.

A full description o f  the measurement system is reported by Durward (1994).
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Appendix C : Investigations carried out during the development 
of the regime of practice

Investigation (Al)l
Aim Preliminary exploration o f  parameters o f  height, angle and distance or reach.
Method Subject sitting on plinth.

Table placed in front o f  subject. Table height adjusted to get set amount o f shoulder flexion 
(30°, 60°, 90° or 120°) from subject, when hand placed on edge o f  table with 0° shpulder 
abduction and 0° elbow extension.
Bean bags placed at 0 ,10 , 20, 30, 40, 50, 60, and 70cm from midpoint o f  front edge o f  table; 
at angles o f  shoulder abduction o f 0°, 30°, 60°, 90°, 120°, 140°, -30° and -60°.
Subject asked to bring bean-bags back to  centre at selection o f different heights(shoulder 
flexion) and angles (shoulder abduction) from linearly increasing distances away from the 
midpoint.

Results + 
discussion

•  Subjects leaning heavily on the table with unaffected arm - this is altering the type of 
postural control being used. i.e. the subjects are using musculature around the arm and 
shoulder girdle, in preference to the use o f  the trunk musculature.

•  Repeated reaching in the same direction (i.e. angle o f shoulder abduction) resulted in 
subjects fixing their trunk in a rotated position, and executing the task through use o f arm 
and shoulder girdle movements.

Conclusions •  Tasks that discourage leaning on the table are required.
•  Repeated tasks at the same angle increased asymmetry - need to  assess effects o f  tasks 

which necessitate crossing the midline.

Investigation (Ala)l
Aim To further investigate the effects o f crossing the midline and the differences between reaching 

from the midline out or from a distance back to  the midline.
Method Subject sitting on plinth.

Table placed in front with lines drawn from mid-point at front at -90° to  +90° at 30° intervals 
(where negative values represent lines to the left o f  the mid-line) - “radial gridlines” .
Subject to  move beanbags from mid-point out along stipulated lines as far as possible, in set 
order.

Results + 
discussion

•  Subjects appeared to  be more aware o f  returning to the “middle” through use o f the 
midpoint o f the radial gridlines.

•  Subjects continuing to lean on table with unaffected arm.
•  Repeated tasks to  the same side resulted in the maintenance o f  a rotated posture to that 

side.
•  Subjects were able to  rotate around and reach across their body to  90° without excessive 

difficulty (i.e. reach to affected side with unaffected arm).
Conclusions •  Radial gridline provides a good visual representation o f midline.

•  Tasks that discourage leaning on the table are required.
•  Must avoid repetitive tasks to  the same side.
•  Tasks at 90° get good rotation.
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Investigation (Alb)2
Aims a) To further investigate the effects o f crossing the midline, without repetitive movements to 

the same side.
b) To compare the effects o f undertaking tasks at table height and above table height.

Method Subject sitting on plinth.
Table placed in front o f subject with a series o f  lines across table at 20cm intervals - 
“tramlines” . Two blocks with rope between were able to be place at either end o f  a line to 
create a “raised” line, 10cm above the height o f the table.
Subject to either move blocks out along lines, or pegs out along rope.

As a further exploration; at the end o f  this investigation, the subject was asked to  reach up as 
high as possible.

Results + 
discussion

•  Despite the rope being 10cm above the table the subjects still leant through the table with 
their arms, and maintained a flexed posture.

•  The investigation at the end, when the subject was asked to reach as high as possible, 
resulted in the subject gaining trunk extension and moving to a midline position in order to 
maintain an upward reach.

•  Repetitive movements to  the same side resulted in increasing rotation to that side; this was 
prevented by providing tasks \riiich involved moving through the midline.

•  I f  the command to “stop in the middle” was given yet there was no specific task to be 
performed in this position, then the subject failed to  stop in the desired position. Tasks 
demanding an object to  be placed in the middle resulted in the subject stopping the 
movement in this position.

•  The subject did not seem to have a very good concept o f  the “middle” and adopted an 
asymmetric posture during the majority o f  the investigation.

Conclusions •  Tasks at only a small height above table still allow the patient to  lean through the table - 
need to investigate the effects o f reaching much higher.

•  Reaching high achieves good trunk extension, as compared to tasks at table height.
•  Repetitive movements to the same side ought to be avoided.
•  Unless exercise specifically requires stopping in the midline, instructions to “pause” in 

midline are not sufficient.
•  Use o f tramline set up did not give a good visual representation o f midline.

Investigation (Alc)3
Aim To investigate the height o f reaching.
Method Subject sitting on plinth.

Table placed in front o f  o b jec t with a series o f  raised strings in a triangular formation (see 
exercise sheet A le  in Appmdix). Strings were at a height o f  10, 35, and 60cm above the 
table.
Subject to  perform a series o f  tasks involving moving and placing pegs on various points on 
the strings (see exercise sheet A le  in Appendix).

Results + 
discussion

•  This set up avoided the subject leaning through the table, this reduced the subject’s ability 
to  “fixate” with the arm and shoulder girdle and thus necessitated an apparently greater 
degree o f trunk control

•  The subject did not appear to require much trunk movement in order to reach straight up 
above head and back to table height - this movement could be performed with the trunk 
fixed in a flexed position and using arm and shoulder gjrdle movements.

•  Moving to and away from a “high” midpoint resulted in greater trunk extension, as 
compared to  moving to and away from a midpoint at table height.

Conclusions •  Heights challenge balance, and require greater postural control.
•  Moving in the midline did not challenge balance.
•  Moving objects to  / from a high midline position achieves greater trunk extension.
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Investigation (AId)4
Aim a) To further investigate the height o f  reaching, to  the sides.

b) To investigate the use o f  a barrier at the edge o f the table.
c) To investigate the use o f  different tasks.

Method Subject sitting on plinth.
Table placed in front o f  subject; radial gridlines drawn on table. Vertical boards placed in arc 
at 85cm from midpoint. A  10cm “barrier” was placed along the edge o f the table in an 
attempt to  prevent the subject leaning through the table.
Task 1 - drawing lines on vertical boards.
Task 2 - moving and stacking cones on radial gridlines.
Task 3 - drawing lines around points on radial gridlines.

Results + 
discussion

•  Vertical boards too frr  away from midline to allow subject to achieve any height.
•  Moving one cone out as far as possible, and placing a second cone on top required the 

subject to maintain the distance o f their maximum reach in a contrôlled manner. This 
required maintained postural control.

•  The subject leant on the barrier, if  prevented from leaning on the table.
Conclusions • Horizontal distance o f  reach needs to  be reduced to allow vertical height o f  reach to  be 

suitably challenged.
•  Stacking tasks are successful in obtaining controlled, maintained reach, without leaning 

through table.
•  Barrier not suitable for preventing subject leaning through table.

Investigation (Aldii)S
Aim a) To fiirther investigate the height o f  reaching, to the sides.

b) To investigate the use o f different tasks.
Method As Investigation (A ld)4, but with the horizontal distance to  the vertical board reduced to 

distances o f 50 - 70cm (as dictated by distances achieved in previous investigations).
Results + 
discussion

•  Drawing tasks require complex instructions, and do not provide a concrete goal for the 
task.

Conclusions •  Reduced horizontal distance more suitable.
•  Drawing tasks do not provide concrete goal.

Investigation (A2)
Aim To investigate the effects o f  the subject sitting:-

a) on a plinth;
b) on a standard chair, with straight back and wooden arms;
c) in his or her own w h ^ch a ir.

Method A number o f the exercises from investigations (A l) and (A3) were rep u ted  with subjects 
sitting in 2 or 3 o f  the above sitting positions.

Results + 
discussion

a) The plinth provides no support and necessitates a great d% ree o f postural control at all 
times. The subject generally feels least secure in this sitting position. The subject is unable 
to have a rest at any time, as there is no available support. This is potentially the least safe 
sitting position to  leave a subject in to undertake “independent” practice.

b) A  standard chair (seat width 0.48m, depth 0.42m) did allow the subject to lean backwards 
and have some trunk support. However, during the exercises the subjects moved forwards 
away from the back support, and maintained similar postures to those achieved on plinth. 
During rewhing out to the sides subjects occasionally leant through the arm rests, however 
this was avoided when exercises involving “height” were executed.

c) The wheelchair placed the subject in a position o f  trunk flexion, from which they found it 
difficult to come forwards. The support given by the wheelchair prevented the movement 
that was obtained in the above sitting positions. The arms o f  the wheelchair were
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restrictive, and ob jec ts  were able to lean their trunks against the arm rests even during 
exercises involving “height”. Removing the arms o f  the wheelchair reduced the safety of 
this sitting position, and made subjects frightened to reach out to the sides.

Conclusions • The wheelchair is unsuitable due to the posture it places the subject in, and the degree to
which it restiicls movement by the subject.

•  The plinth provides least safety for the subject, and is reported by the subjects to be the 
most frightening sitting position to  be left in.

•  The standard chair provides a safe environment for the subject, without placing too many 
restrictions on movement. A standard chair is also more available in many environments 
than wheelchairs or plinths.

• Subjects will sit in a standard upright chair during the practice regime.

3. Investieation of Effects of Targeting
Investigation (A3)
Aim To investigate the effects o f targeting and scoring on subject motivation and achievement.
Method Subject sitting in standard chair.

Table placed in front with variety of radial gridlines drawn on:-
a) plain lines
b) colour-coded lines
c) scored lines.
The subject was asked to  move a cone out as far as possible at along lines at angles o f -90°, 
90°, -75°, 75°, -60°, 60°, -45°, 45°, -30°, 30, -15°, and 15°, and then place a second cone on 
top o f the first. This was repeated with each o f  the 3 varieties o f gridines. The distance that 
the aibject achieved on each task was recorded.

Results + 
discussion

• Subjects tended to  be more motivated on second and further attempts in that they 
attempted to “beat” their first distance.

• Colour coded lines did not appear to improve motivation, and did not appear to present 
such a clear concept o f  the midpoint.

• Scoring appeared to  improve motivation, but the 10cm score lines used appeared to be too 
6 r  apart in that it was not possible to improve by 1 score point.

Conclusions • Scoring appears to  improve motivation and should be incorporated into the practice 
regime.

• Scores would have to be sensitive to small improvements.
•  Use o f  distance measurements as distance indicators should be investigated in the final 

stages o f  development.

Investigation (A4)
Aim To further investigate the use o f tasks involving height.
Method Subject sitting on standard chair.

Table with radial gridlines placed in front o f subject.
Task 1 - Low stepped blo& s A block with 6 steps o f height 5cm and depth 10cm was placed 
on 60° line. Objects were placed on the -60° line. Subject to move objects on to steps. 
Repeated with blocks on -60° line, objects on 60° line.
Task 2 - High stepped blocks. Same as Task 1 except using block with 6 steps o f  height 10cm 
and depth 5cm.
Task 3 - Hooks and rings. A pole o f  80cm length, with 6 hooks at 10cm intervals and series 
o f rings to go on hooks used instead o f stepped blocks. Same as previous tasks.

Results + 
discussion

Stepped blocks - fu rth ^  steps require trunk elongation (on side reaching to) and good 
postural control. Higher steps provided increased challenge.
Hooks and rings - also necessitated controlled trunk elongation.

Conclusions Stacking tasks (previous investigations), stepped blocks, and hooks and rings are all suitable 
tasks in order to meet the aims o f  the practice regime.
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Appendix D : The regime of practice

TASK OBJECTIVE OF TASK MOVEMENT NUMBER
OF
REACHES

1. Cubes 
out.

Equipment: 8 “cubes” - 4 rounded and 4 square - colour coded 
to match colour o f radial gridlines. Each cube will have a hole in 
the centre o f the top o f it.
Set up: Cubes placed along midline o f  table.
Instructions: To move each cube as 6 r  out as possible along the 
^propriately coloured gridline. Moving one round to one side 
and one square to  the other, and repeating this sequence.

Midline > right > 
midline > left etc. 
Different angle 
each time.

8

2. Poles in. Equipment: 8 poles - 4 rounded and 4 squared - colour coded to 
match gridlines and cubes. Each pole will stand upright when 
placed in holes in cubes. Each pole wül have a series o f holes 
through h, at different heights.
Set up: As at end o f  task 1 + poles placed along midline o f  table, 
ordered so there are alternating shapes, but randomised colour 
order.
Instructions: To place each pole in corresponding cube.

Midline > right > 
midline >  left etc. 
Different angle 
each time.

8 (16)

3. Pegs in. Equipment: 16 “pegs” - 8 rounded and 8 squared - colour coded 
so 2 match each pole/cube/gridline.
Set up: As at end o f task 2 +  p% s placed along midline o f  table, 
ordered so that there are alternating shapes, but randomised 
colour order.
Instructions: To place each peg through a hole in each 
corresponding pole, using hole as h i ^  up as possible. There will 
be 2 pegs through each pole.

Midline >  right >  
midline > left etc. 
Different angle 
each time.

16 (32)

4 Hoops 
on.

Equipment: 16 “hoops” - colour coded to  match other 
equipment.
Set up: As at end o f  task 3 + hoops placed on midline. 
Instructions: To place hoops on corresponding pegs.

Midline > right > 
midline > left etc. 
Different angle 
each time.

16 (48)

5. Hoops 
off.

Equipment: as above.
Setup: as at end o f  task 4.
Instructions: To remove hoops from pegs and place them on 
nudline. To take one from left then one from right etc.

Right > high 
midline> left > 
midline.
Different angle 
each time.

16 (64)

6. Hoopla. Equipment: As above + 5 hoops.
Set up: as at end o f task 5 + 5 hoops placed on pegs in 90° pole. 
Instructions: Move hoops from 90° on right to -90° on left; and 
then from -90° on left to 67.5° on right etc..

Right to  left, 
through midline (at 
90°), and left to 
right through 
midline (at 67.5 °).

35 (109)

7. Pegs 
out.

Equipment: as above.
Setup: as at end o f task 6.
Instructions: To remove pegs from poles and place them on 
midline. To take one from left then one from right etc.

Right > midline > 
left > midline etc. 
Different angle 
each time.

16 (125)

8. Poles 
out.

Equipment: poles and cubes.
Setup; as at end of task 6,
Instructions: To remove poles from cubes and place them on 
midline. To take one from left then one from right etc.

Right > midline > 
left midline etc. 
Different angles 
each time.

8 (133)
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9. Coins E quipm ent: 2 sets o f  “stepped blocks”, with small container on
on each step. IS 'pound coins’ and 15 '50  pence coins’.
Steps. Set up: set o f hollow steps placed on 90° and -90°. Objects

placed along midline.
Instructions: place pound coins through hole in highest step 
possible to the left; repeat with 50p coins to the right. Continue 
until all coins used.

Midline > left > 
midline > right 
(greater than 90°)

30 (163)

10. Stacking E quipm ent: 10 stacking objects (cones). 5 o f  one colour, 5 of 
Tasks another.

Set up: Stacking objects placed along midline.
Instructions:
i) Move cone (colour A) as far out along 90° as possible, then 
cone (colour B) along -90°, then stack 4 o f cohes o f appropriate 
colour on top o f these.
ii) Move cone (colour A) as far out along 67.5° as possible, then 
cone (colour B) along -67.5°, then stack 4 cones o f appropriate 
colour on top o f  these.
iii) Move cone (colour A) as &r out along 45° as possible, then 
cone (colour B) along -45°, then stack 4 cones o f  appropriate 
colour on top o f  these.
iv) Move cone (colour A) as 6 r  out along 22.5° as possible, then 
cone (colour B) along -22.5°, then stack cones o f  q)propriate 
colour on top o f  these.

Midline > right > 10 (173)
midline > left (at
90°)
M dline > right > 10 (183)
midline > left (at
67.5°)
Midline > right > 10 (193)
midline > left (at
45°)

Midline > right > 10 (203)
midline >  left (at
22.5°)
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Appendix F : Scoring method for practice regime

Tasks 1-5, 7, 8:
Sum o f distances out in task 1 * sum o f height scores achieved in task 3.

Task 6:
Number o f successful repetitions * 10.

Task 9:
Step number * number o f coins * 5.

Task 10:
Distance o f each cone * number stacked on top.

Total score = sum o f above scores.

Each subject was verbally informed o f the score at the end o f each practice session, and was reminded o f  
the number o f repetitions at the beginning o f the following practice session.
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Appendix G : Healthy subjects - Information sheets and consent 
form.

SUBJECT INFORMATION SHEET (Young subjects)

Measurement of Normal Sitting, Standing, Rising to Stand, 
Sitting Down and Reaching.

Purpose of this Study
There is a measurement system which has been developed in the Physiotherapy 
Department at QMC, which is designed to measure various aspects o f human movement.
It can measure timing and force parameters of sitting, standing, rising to stand, sitting 
down and reaching out. This system is going to be used as the objective measurement 
tool in a study of different physiotherapy treatments for people with strokes. However 
the first stage is to determine a range of normal measurements. Other similar studies 
have primarily used young volunteers; therefore subjects aged between 18 and 30 are 
desired in order to produce comparable data.

What will the Measurements Involve?
The measurement system involves a chair which stands on a small platform. There are a 
number of different “force plates” and “switches” within the chair and platform. The 
force plates are able to measure how much of your weight you are putting through 
different parts of your body; the switches can measure the speed at which you stand up 
and sit down. The measurements are non-invasive, and do not require any attachments to 
your body or clothing.

If you volunteer you would be asked to;-
• sit on the chair for about 30 seconds
• stand on the platform for about 30 seconds
• to stand up from the chair and then sit down again
• reach out to both sides from a sitting position.
You would be asked to repeat this three times in a row.

The measurements will all be done in the Human Performance Laboratory in the 
Physiotherapy Department. It will take about 10 minutes for the measurements to be 
taken.

Further Information
If you have want to volunteer or have any questions please contact me:- 

Alex Brown.Ext.3663  Room G79 (Leith Campus).

Alex Brown, Physiotherapy Research Student, 
Queen Margaret College, Edinburgh.
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SUBJECT INFORMATION SHEET (Elderly subjects)

Measurement of Normal Sitting. Standing. Rising to Stand and Sitting Down.

Purpose of this Study
A measurement system has been developed that records the way people sit and stand, and 
the way they stand up from a chair and sit down again. This system will be able to measure 
how people with strokes sit and stand, assess if they have a problem, and work out if they 
are getting better. However, in order to know if a stroke patient is having problems with 
sitting, standing, rising to stand or sitting down we must know what is normal. To do 
this we need to take measurements from a group of people who are healthy, but are about 
the same age as people who most commonly have strokes. It is planned to use the 
information as part of a research project investigating different physiotherapy treatments 
for people who have had strokes.

What will the Measurements Involve?
The measurement system involves a chair which stands on a small platform. There are a 
number of different “force plates” and “switches” within the chair and platform. The force 
plates are able to measure how much of your weight you are putting through different 
parts of your body; the switches can measure the speed at which you stand up and sit 
down. However you cannot see these force plates and switches - they are all hidden in the 
chair and platform. When you sit on the chair or stand on the platform you cannot tell that 
they are there.

If you volunteer you would be asked to>
• sit on the chair for about 30 seconds
• stand on the platform for about 30 seconds
• to stand up from the chair and then sit down again.
• to reach out to both sides from a sitting position, as far as you can.
You would be asked to repeat this three times in a row.

The measurements will all be done in the physiotherapy department, at the time of one of 
your fitness classes. It will take 10-15 minutes for the measurements to be taken.

No special clothing is required: just wear what you normally wear to the fitness class.

Please Note
Attending the fitness class does not mean that you have to volunteer for this study.
Even if you do volunteer you can withdraw again, without having to give a reason.

Further Information
If you have any questions please contact me:- Alex Brown Tel : 0131-317-3663
Or speak to the physiotherapist taking the class.

/  will be a t the next few  classes, and will ask any volunteers to come to have their 
measurements taken then. Thank you for your time !!

Alex Brown, Physiotherapy Research Student, 
Queen Margaret College, Edinburgh.
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(Young and elderly subjects)

LOTHIAN RESEARCH ETHICS COMMITTEE

STANDARD CONSENT FO RM

TITLE O F THE PROPOSED RESEARCH:

Sitting, Standing, Rising to Stand and Sitting Down in Healthy Subjects: 
Establishing a Normal Data Base using Force and Time Parameters.

NAME O F INVESTIGATOR:

Alex Brown 
Physiotherapy Research Student

ADDRESS: TELEPH O N E:

Physiotherapy Department 
Queen Margaret College 
Leith Campus 
Duke Street 
Edinburgh

0131-317-3663

FU RTH ER IN FORM ATION IS AVAILABLE FROM :

The physiotherapist taking the fitness 
class.

• I agree to partic ipate  in this study.

• I have read this consent form and Subject Inform ation Sheet and had the opportunity  to ask 
questions about them.

• I understand  th a t 1 am under no obligation to take p a rt in this study and th a t a decision not to
participate will not a lter the treatm ent th a t I would norm ally receive.

• I understand  th a t I have the right to w ithdraw  from this study a t any stage and th a t to do so will
not affect my treatm ent.

•  I understand th a t this is non-therapeutic research from which I cannot expect to derive any
benefit.

S ignature of Subject.

Name of Subject:

S ignature of Investigator: Date:
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Appendix H : Hemiplegic subjects -  information sheet and
consent form

A STUDY OF PHYSIOTHERAPY EXERCISES 
FOR PEOPLE WITH STROKES

You have been asked to volunteer to take part in a study of physiotherapy. This 
information sheet tells you about the study, so that you can decide if you want to 
volunteer or not.

Purpose of this Study
After someone has had a stroke they generally need to have physiotherapy to help them 
get better. In the UK physiotherapy treatment normally happens in the physiotherapy 
gym, with one physiotherapist treating one patient. However, in Australia physiotherapists 
give patients exercises that they can do on their own. We want to see if there is any 
difference if patients who have had strokes do some exercises on their own. All the 
patients who take part in this study will still get their normal physiotherapy.

For this study we want one group of people with strokes to do all their normal therapy 
plus an exercise program and another group o f people with strokes to do all their normal 
therapy but no extra exercises. The exercises are designed to help sitting balance and 
posture; they are all simple exercises that are done sitting down. We would take 
measurements o f the sitting balance o f both groups, and see if there are any differences 
between the groups.

What will happen if I agree to take part?
You would be assigned to either the “Exercising” group or the “Not Exercising” group. 
This assignment would be random - it would be decided by a computer and no one would 
be able to change which group you were put into.

If I was in the “exercise” group what would I have to do?
• You would do all your normal physiotherapy, occupational therapy etc. as usual.
• You would follow a daily exercise program every week day (Monday-Friday) for 4

weeks (If you went home before 4 weeks was completed it would not matter - you 
would not need to come in for any more exercises).

You would be taken to a physiotherapy room to do the exercises, at about 2pm (after 
lunch). The exercises would last for about one hour. You would be sitting down for 
all the exercises. A physiotherapist would be in the room with you.

• You would also need to have some measurements of your balance taken once a week, 
for 6 weeks (or less if you go home before then).

If I was in the “No exercise” group what would I have to do?
• You would do all your normal physiotherapy, occupational therapy etc. as usual.
• You would need to have some measurements of your balance taken once a week, for 6

weeks (or less if you go home before then).
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How are the measurements of balance taken?
The measurement of balance would take about 15 minutes, one a week for 6 weeks. It 
would be taken in the physiotherapy gym.

A special chair that can measure balance has been designed. It is a normal chair which is 
on a platform. Hidden in the chair and platform there are devices like weighing scales 
that can measure your balance. When you sit on the chair or stand on the platform you 
cannot tell that the measuring devices are there. You would wear your normal clothes.

You would be asked to sit in the chair, stand up from the chair, stand on your own and 
then sit back down into the chair. You would be asked to reach out to the left and the 
right sides from a sitting position. If you needed help with any of these actions, someone 
would assist you.

Would any other information be needed?
Some information about your stroke, your physiotherapy treatment, and how you are 
getting on, would be taken from your doctor’s, nurse’s and physiotherapist’s notes.

All this information would be confidential. Only the researchers will know what your 
results are.

Would I benefit from taking part in this study?
No. This is a preliminary study so it is unlikely that anyone will notice any direct 
benefits from taking part. We do not know if the exercises the people in the “exercise” 
group do will help them or not.

Do I haye to take part in this study?
No. You do not have to take part. Your treatment in the hospital will be exactly the 
same whether you take part or not. Even if you do volunteer to take part you can change 
your mind and withdraw at any time, without having to give a reason. Withdrawing from 
the study would not affect any treatment that you got in the hospital.

When do I haye to decide whether I want to take part or not?
I will come and see you again o n ..................................... at...............................................

Further Information
If you, or any o f your relatives, have any questions 1 can come and see you again - one of 
the nurses will contact me for you.
OR you can speak to Mark Smith (Physiotherapist) or Dr Dennis about this study.

Thank you fo r  taking the time to read this and to think about volunteering}

Alex Brown, Physiotherapy Researcher, 
Queen Margaret College, Edinburgh.
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STANDARD CONSENT FORM

TITLE OF THE PROPOSED RESEARCH:

An Investigation into Independent Practice as an Addition to Physiotherapy Intervention for 
Patients with Recently Acquired Stroke.

NAME OF INVESTIGATOR:

Alex Brown,
Physiotherapy Researcher.

ADDRESS:

Physiotherapy Department 
Queen Margaret College 
Leith Campus 
Duke Street 
Edinburgh EH6 8HF.

TELEPHONE:

0131-317-3663

Mr Mark Smith, Senior Physiotherapist, or Dr Dennis, Consultant Neurologist.

FURTHER INFORMATION IS AVAILABLE FROM:

I agree to participate/to the patient participating* in this study.

I have read this consent form and Patient Information Sheet and had the opportunity to 
ask questions about them.

I agree to the provision of any clinically significant information to my/the patient's 
consultant.

I understand that I am/the patient is* under no obligation to take part in this study and 
that a decision not to participate will not alter the treatment that I/the patient * would 
normally receive.

I understand that I have/the patient has* the right to withdraw from this study at any 
stage and that to do so will not affect my/their* treatment.

I understand that this is non-therapeutic research from which I/the patient * cannot 
expect to derive any benefit.*

Signature of Patient/Relative/Member of Nursing Staff*. 

Name of Patient:

Signature of Investigator:................................................................. Date:

* riplpfp Qnnrnnriüi
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Appendix I : HEALTHY SUBJECT DETAILS

Young subjects gender age (yr) dominance height (m) LL length (m) mass (Kg) reaching
arm

1 f 24 r 1.71 0.47 50.3 1
2 f 28 r 1.60 0.43 62.5 r
3 f 22 r 1.65 0.45 51.8 r
4 f 25 r 1.57 0.44 62.5 r
5 f 24 r 1.66 0.46 59.0 1
6 f 18 r 1.70 0.45 56.4 r
7 f 18 r 1.68 0.48 63.8 r
8 f 18 r 1.57 0.45 59.7 r
9 m 23 1.93 0.58 89.8 1
10 m 24 r 1.75 0.51 73.1 r
11 m 23 r 1.73 0.49 73.2 1
12 m 27 r 1.71 0.48 64.1 r
13 f 23 r 1.73 0.5 68.1 1
14 m 23 r 1.76 0.5 85.4 r
15 m 22 r 1.82 0.54 74.8 1
16 m 18 r 1.80 0.49 67.7 1
17 m 28 1.83 0.51 61.8 1
18 m 22 r 1.66 0.47 65.9 1
19 m 21 r 1.84 0.48 78.5 r
20 m 23 r 1.80 0.53 76.6 1

Elderly subjects gender age (yr) dominance height (m) LL length (m) mass (Kg) reaching
arm

1 f 71 r 1.60 0.45 71.9 r
2 f 66 r 1.60 0.43 57.7 r
3 m 67 1.62 0.46 85.7 r
4 f 73 r 1.69 0.47 63.7 1
5 f 76 r 1.62 0.46 60.6
6 f 67 r 1.63 0.51 75.3 1
7 f 79 r 1.59 0.46 59.7
8 f 60 r 1.66 0.45 64.9 1
9 f 70 r 1.70 0.49 74.9 1

10 f 70 r 1.66 0.47 78.1 1
11 f 73 r 1.65 0.46 59.2
12 f 68 r 1.60 0.47 65.4 1
13 m 71 r 1.75 0.48 71.8 1
14 m 74 r 1.68 0.46 55.5
15 f 64 r 1.57 0.42 54.8 1
16 f 68 r 1.57 0.43 54.9 1
17 f 68 r 1.63 0.49 75.0 r
18 m 66 r 1.81 0.52 81.3 r
19 m 72 r 1.78 0.53 68.4 r
20 m 71 r 1.74 0.48 73.4 1
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Appendix J : HEMIPLEGIC SUBJECT DETAILS
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1 P F 52 1.55 0.43 69.3 L TACI 38 6
2 c F 76 1.59 0.44 50.5 L POCI 26 6
3 c M 66 1.70 0.45 53.7 L PACI 12 3 self d/c
4 c M 54 1.64 0.45 61.7 R LACI 13 6
5 p F 82 1.55 0.44 70.6 R TACI 14 0 refused
6 c F 54 1.65 0.42 46.8 R TACI 15 5 home
7 c M 37 1.68 0.43 52.7 R TACI 11 5 home
8 p F 86 1.57 0.45 54.0 L PACI 13 6
9 c M 86 1.94 0.56 82.8 R POCI 11 5 home
10 c M 66 1.73 0.48 70.0 L LACI 4 6
11 p F 69 1.52 0.41 58.6 L PACI 28 6
12 0 M 69 1.71 0.47 63.1 L PACI 48 6
13 p F 71 1.57 0.46 56.4 L LACI 5 6
14 p F 75 1.60 0.45 56.6 L PACI 13 2 #NOF
15 0 F 61 1.60 0.45 61.1 R LACI 8 5 home
16 0 F 78 1.65 0.44 53.0 L TACI 55 0 rip
17 p F 68 1.65 0.46 43.4 R LACI 15 6
18 0 M 76 1.83 0.50 60.1 R PICH 18 2 home
19 p F 72 1.52 0.43 39.5 L LACI 9 3 home
20 c M 82 1.88 0.51 43.5 L TACI 12 1 Chest infection
21 0 F 86 1.52 0.43 58.9 R PACI 39 6
22 0 F 51 1.63 0.45 48.9 R PICH 8 4 home
23 c M 57 1.68 0.46 54.2 L LACI 7 6
24 c M 72 1.73 0.47 60.8 L TACI 13 6
25 p F 83 1.50 0.42 51.9 L LACI 8 2 home
26 0 F 84 1.47 0.36 38.2 L PICH 19 6
27 0 M 70 1.63 0.44 49.6 L LACI 12 6
28 c M 75 1.65 0.46 71.0 R TACI 13 6
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Appendix K : MEAN OUTCOME VARIABLES FOR HEALTHY AND 
HEMIPLEGIC SUBJECTS

The following tables list the mean outcome variables for sitting, standing, rising to stand, std, reaching to the 
same side and reaching across to the opposite side for the young and elderly healthy subjects and for the 
hemiplegic subjects.

KEY

Sit = mean SI during sitting 
Std = mean SI during standing
RTSon = mean SI during seat-on phase o f  rising to stand 
RTSoff = mean SI during seat-off phase o f  rising to stand 
RTStime = time (s) to rise to stand 
SDofT = mean SI during seat-off phase o f  sitting down 
SDon = mean SI during seat-on phase o f  sitting down.
SDtime = time (s) to sit down
RSpeak = peak SI during reaching to the same side
RSafter = mean SI during sitting after reaching to the same side
RStime = time (s) to reach to the same side
RA peak = peak SI during reaching across to the opposite side
R A after = mean SI during sitting after reaching across to the opposite side
RAtime = time (s) to reach across to the opposite side

For hemiplegic subjects:-
c = control group subject 
p = practice group subject 
- = subject discharged

0 - 6  refer to test week 0 -  test week 6.
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Appendix L; Distance and height of reach during practice regime

Distance reached at each angle during Task 1. 
(measured to nearest 0.05m)

Day 90° 67.5° 45° 22.5° -22.5° -45° -67.5° -90° 90° 67.5° 45° 22.5° -22.5° -45° -67.6° -90°
1 0.95 0.80 0.80 0.75 0.70 0.65 0.65 0.70 0.60 0.60 0.50 0.50 0.50 0.50 0.50 0.50

< 2 0.70 0.65 0.50 0.60 0.60 0.60 0.60 0.60 0.50 0.50 0.40 0.50 0.40 0.40 0.40 0.40
o 3 0.55 0.60 0.60 0.55 0.60 0.60 0.60 0.60 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.40
3

C/3 4 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.40
5 0.70 0.70 0.70 0.70 0.65 0.65 0.70 0.65 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
6 0.70 0.70 0.75 0.75 0.70 0.70 0.65 0.65 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
7 0.55 0.60 0.60 0.60 0.50 0.60 0.60 0.55 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
8 0.55 0.60 0.60 0.60 0.60 0.60 0.60 0.65 0.60 0.50 0.50 0.50 0.50 0.50 0.50 0.50
9 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
10 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
12 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
13 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.40
14 0.70 0.70 0.60 0.60 0.70 0.70 0.60 0.60 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
15 0.70 0.70 0.70 0.60 0,60 0.60 0.60 0.60 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
16 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
17 0.70 0.70 0.60 0.60 0.70 0.70 0.60 0.60 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
18 0.60 0.60 0.70 0.70 0.60 0.60 0.70 0.70 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
19 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0,50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
20 0.70 0.70 0.70 0.70 0.70 0.60 0.60 0.60 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

CO 1 0.80 0.70 0.60 0.50 0.45 0.50 0.55 0.60 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Ü 1 0.60 0.50 0.40 0.40 0.55 0.50 0.50 0.30 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
y 2 0.40 0.40 0.50 0.50 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

c/3 4 0.40 0.45 0.45 0.45 0.45 0.45 0.45 0.50 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
6 0.60 0.60 0.55 0.50 0.50 0.50 0.45 0.50 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
9 0.70 0.70 0.55 0.55 0.45 0.45 0.50 0.55 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
12 0.75 0.70 0.65 0.60 0.60 0.60 0.65 0.60 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
13 0.70 0.70 0.60 0.50 0.50 0.55 0.60 0.60 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
14 0.65 0.60 0.60 0.55 0.50 0.50 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
15 0.60 0.55 0.55 0.45 0.45 0.40 0.45 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
16 0.85 0.65 0.60 0.55 0.55 0.55 0.55 0.60 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
17 0.75 0.65 0.65 0.65 0.60 0.55 0.60 0.65 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
18 0.80 0.75 0.70 0.65 0.60 0.60 0.65 0.60 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
19 0.70 0.65 0.60 0.65 0.60 0.55 0.60 0.55 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
20 0.75 0.70 0.70 0.70 0.65 0.60 0.60 0.60 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

d 1 0.65 0.65 0.60 0.50 0.60 0.50 0.65 0.65 0 . 2 0 0 . 2 0 0 . 2 0 0 . 2 0 0 . 2 0 0 . 2 0 0 . 2 0 0 . 2 0

K 4 0.75 0.75 0.70 0.60 0.60 0.60 0.60 0.60 0.40 0.30 0.30 0.30 0.30 0.30 0.30 0.30

1 5 0.70 0.60 0.60 0.55 0.55 0.55 0.55 0.65 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
6 0.75 0.60 0.55 0.55 0.55 0.60 0.60 0.70 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
7 0.70 0.65 0.60 0.60 0.60 0.65 0.70 0.75 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
8 0.75 0.70 0.65 0.60 0.60 0.60 0.65 0.65 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
9 0.80 0.65 0.70 0.60 0.65 0.70 0.70 0.85 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
10 0.80 0.65 0.70 0.60 0.65 0.70 0.70 0.90 0.50 0.50 0.40 0.40 0.40 0.50 0.50 0.40
11 0.85 0.65 0.70 0.60 0.70 0.80 0.70 0.85 0.50 0.40 0.40 0.50 0.40 0.40 0.50 0.50
12 0.85 0.75 0.70 0.70 0.70 0.75 0.70 0.90 0.50 0.40 0.40 0.50 0.40 0.50 0.50 0.50
13 0.85 0.75 0.70 0.60 0.60 0.70 0.70 0.90 0.50 0.40 0.40 0.50 0.40 0.50 0.50 0.40
16 0.70 0.60 0.65 0.60 0.60 0.70 0.75 0.80 0.50 0.50 0.50 0.40 0.40 0.40 0.50 0.50
17 0.70 0.70 0.65 0.65 0.70 0.70 0.70 0.85 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
18 0.85 0.80 0.75 0.65 0.70 0.80 0.75 0.95 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
19 0.85 0.75 0.75 0.70 0.70 0.80 0.80 0.95 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
20 0.80 0.75 0.70 0.65 0.70 0 75 0.80 0.95 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

Height reached at each angle during Task 3 
(at distances achiev ed in Task 1). 

(heiglits at 0. Im increments)
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Distance reached at each angle during Task 1. 
(measured to nearest 0.05m)

Height reached at each angle during Task 3 
(at distances achieved in Task 1 ). 

(heights at 0.1m increments)

Day 90° 67.5° 45° 22.5° -22.5° -45° ■67.5° -90° 90° 67.5° 45° 22.5° -22.5° -45° -67.5° -90°

w 2 0.95 0.80 0.65 0.65 0.70 0.75 0.75 0.80 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70

8 3 0.95 0.80 0.80 0.70 0.70 0.75 0.70 0.90 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

f 9 0.65 0.50 0.55 0.55 0.50 0.50 0.55 0.55 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
C/2

10 0.60 0.55 0.50 0.55 0.55 0.55 0.60 0.60 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

11 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

12 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

13 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

14 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

15 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

16 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

17 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

20 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

P-i
O

1 0.75 0.65 0.65 0.65 0.65 0.65 0.70 0.80 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

2 0.90 0.75 0.65 0.60 0.60 0.65 0.75 0.90 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

■ f 3 0.55 0.55 0.55 0.50 0.55 0.50 0.55 0.50 0.70 0.60 0.40 0.40 0.40 0.40 0.60 0.70
c/2 4 0.50 0.60 0.65 0.55 0.50 0.55 0.50 0.50 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

5 0.65 0.65 0.65 0.60 0.55 0.60 0.70 0.65 0.50 0.40 0.40 0.40 0.50 0.40 0.40 0.40

6 0.85 0.85 0.70 0.65 0.55 0.70 0.80 0.75 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

7 0.75 0.75 0.70 0.60 0.70 0.70 0.75 0.80 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

8 0.80 0.70 0.70 0.65 0.70 0.75 0.65 0.85 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

9 0.65 0.70 0.65 0.55 0.65 0.65 0.65 0.65 0.50 0.50 0.50 0.50 0.40 0.40 0.40 0.50

12 0.85 0.90 0.75 0.75 0.70 0.70 0.60 0.75 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

13 0.85 0.75 0.75 0.55 0.65 0.70 0.80 0.90 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

14 0.65 0.75 0.65 0.55 0.70 0.75 0.75 0.80 0.40 0.50 0.40 0.40 0.50 0.50 0.40 0.40

1 0.55 0.45 0.45 0.50 0.50 0.60 0.50 0.65 0.50 0.50 0.40 0.50 0.40 0.40 0.50 0.40
d 4 0.45 0.45 0.40 0.40 0.40 0.45 0.50 0.50 0.40 0.40 0.40 0.50 0.50 0.50 0.50 0.50
y

I P 6 0.50 0.55 0.50 0.45 0.50 0.50 0.60 0.60 0.40 0.40 0.50 0.50 0.50 0.50 0.50 0.50

eg 7 0.65 0.55 0.50 0.50 0.50 0.50 0.55 0.55 0.50 0.50 0.40 0.40 0.40 0.40 0.50 0.50

8 0.60 0.55 0.50 0.50 0.50 0.50 0.50 0.50 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

9 0.50 0.50 0.50 0.50 0.50 0.50 0.60 0.50 0.50 0.40 0.40 0.50 0.40 0.40 0.40 0.50

10 0.60 0.60 0.60 0.50 0.45 0.50 0.50 0.50 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

11 0.60 0.55 0.55 0.45 0.55 0.55 0.65 0.60 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

17 0.60 0.60 0.50 0.50 0.50 0.50 0.50 0.50 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

18 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

19 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

20 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

1 0.85 0.70 0.65 0.60 0.55 0.60 0.65 0.70 0.60 0.60 0.50 0.50 0.50 0.60 0.60 0.50

o 3 0.70 0.65 0.60 0.54 0.50 0.60 0.60 0.60 0.50 0.50 0.50 0.60 0.60 0.50 0.50 0.50
OJ

4 0.80 0.70 0.60 0.55 0.50 0.60 0.70 0.75 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
c/2 5 0.80 0.70 0.65 0.60 0.60 0.65 0.70 0.75 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60

6 0.85 0.75 0.70 0.65 0.60 0.65 0.65 0.75 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60

7 0.85 0.75 0.70 0.65 0.60 0.65 0.70 0.75 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60

8 0.90 0.80 0.75 0.60 0.60 0.65 0.70 0.80 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.50

10 0.90 0.85 0.75 0.60 0.60 0.70 0.80 0.75 0.60 0.50 0.60 0.60 0.60 0.60 0.60 0.60

11 0.85 0.75 0.70 0.65 0.80 0.65 0.70 0.70 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60

12 0.80 0.75 0.70 0.60 0.60 0.65 0.70 0.80 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.50

13 0.85 0.75 0.70 0.60 0.60 0.65 0.65 0.70 0 60 0.60 0.60 0.60 0.60 0 60 0.60 0.60

14 0.90 0.80 0.70 0.60 0.60 0.65 0.70 0.80 0 60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
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[ )istance reache
(measu

d at eac 
red to n

li angle during Task 1. 
earest 0.05m)

Height reached at each angle during Task 3 
(at distances achieved in Task 1). 

(heights at 0.1m increments)

Day 90° 67.5° 45° 22.5° -22.5° -45° -67.5° -90° 90° 67.5° 45° 22.5° -22.5° -45° -67.5° -90°
1 0.80 0.75 0.70 0.65 0.60 0.65 0.70 0.70 0.60 0.50 0.50 0.50 0.40 0.40 0.40 0.40

y
Jo' 2 0.85 0.75 0.70 0.65 0.70 0.75 0.75 0.75 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
3

C/2 3 0.85 0.80 0.70 0.65 0.65 0.65 0.70 0.70 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.60
4 0.80 0.75 0.70 0.65 0.70 0.70 0.75 0.80 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
6 0.90 0.80 0.75 0.70 0.65 0.70 0.70 0.70 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
7 0.85 0.75 0.70 0.65 0.60 0.60 0.70 0.75 0.60 0.50 0.50 0.50 0.50 0.50 0.50 0.50
8 0.75 0.75 0.70 0.65 0.60 0.65 0.70 0.70 0.70 0.60 0.60 0.50 0.60 0.50 0.50 0.60
9 0.80 0.75 0.70 0.65 0.65 0.65 0.70 0.75 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
11 0.75 0.75 0.65 0.60 0.60 0.60 0.65 0.70 0.60 0.50 0.50 0.50 0.40 0.50 0.50 0.50
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