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ABSTRACT 

 

Background and Aim 

Postural instability has been identified as one of the main causes for injurious falls in people 

with idiopathic Parkinson’s disease (IPD). Muscle weakness in older adults is one of the 

identified factors for reduced postural stability and falls in older adults and although postural 

instability is one of the cardinal signs of IPD, it is still not fully understood. Many 

contributing or associated factors for postural instability have been suggested and it is 

possible that the reason for postural instability may be multifactorial in nature. Muscle 

weakness in IPD is one of the identified factors for reduced postural stability and has been 

implicated as a falls risk factor in IPD. Different body composition phenotypes, determined 

by the proportion of fat, lean body mass, and bone density, have been implicated with low 

muscle strength, gait and balance deficits and falls in older adults, but this has not been 

investigated in people with IPD.  

This thesis explored the relationship of postural instability, muscle strength and body 

composition phenotypes in people with IPD and an age-matched control group. The primary 

aim of this study was to investigate the relationships between body composition phenotypes, 

postural stability and lower limb muscle strength in people with IPD compared to an age and 

sex matched control group. The aim was also to compare the number of falls experienced in a 

six months self-reported falls diary, falls related injuries and physical activity participation 

between the two groups. 

 

Methodology 

This thesis comprised two studies. Study one was a systematic review to answer the question: 

What are the factors contributing to or impacting on postural instability in IPD and what is 

the strength of evidence for these factors? The systematic review’s findings informed the 

development of the second study.  
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The second study was a cross sectional study which investigated the relationship between 

postural instability, muscle strength and body composition phenotypes in people with IPD 

and an age and sex-matched control group. Participants for this study were recruited via the 

Neurology Department of the Dunedin Hospital, the Parkinson’s Society of New Zealand 

(Otago branch), and via public advertising. To be eligible, participants had to be diagnosed 

with IPD and be able to perform the required tests independently with or without assistive 

devices. Age and sex matched, sedentary control participants with no known neurological 

impairments were recruited via public advertising.   

For all tests, participants with IPD were assessed during the “on” state of medical therapy, 

and the degree of severity and staging of their IPD was assessed with the Movement 

Disorders Society-Unified Parkinson’s Disease Rating Scale (MDS-UPDRS). All participants 

were assessed with the following tests: Postural instability was measured with the Sensory 

Organisation Test (SOT) and the Motor Control Test using the NeuroCom® Smart EquiTest® 

version 8.4.0, the basic and the high cognitive Timed Up and Go Test (TUG and TUGH, 

respectively) and the Step Test. The Biodex® System 3 dynamometer was used to evaluate 

knee joint muscle strength. All participants had a dual energy x-ray absorptiometry (DXA) 

scan to assess body composition phenotypes. The Activity-Specific Balance Confidence scale 

(ABC Scale) and the Rapid Assessment of Physical Activity (RAPA) were completed to 

estimate fear of falling and balance confidence, and physical activity participation, 

respectively. Data on the number of falls experienced were then collected prospectively for 

six months. 

Descriptive and inferential statistical analysis were conducted to compare test results between 

the IPD and control groups, and a stepwise regression procedure was performed to investigate 

the relationships between body composition phenotypes, postural stability and strength in 

IPD. 

 

Results 

In the systematic review, 57 studies met the inclusion criteria, of which 42 were rated as 

having moderate-to-high quality. Posturography was frequently used to measure postural 

instability (n=36, 63%). Factors contributing to, or impacting on postural instability were 
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broadly categorised as: (1) sensory dysfunction (n=12); (2) abnormal postural response 

patterns (n=11); (3) bradykinesia (n=2); (4) stiffness (n=7); (5) cognitive dysfunction (n=5); 

and 6) miscellaneous factors (n=5). From the studies rated as being of high quality, five 

factors were identified to significantly impact on postural stability: sensory dysfunction, 

bradykinesia, abnormal postural response patterns, L-dopa induced dyskinesia, and 

hypotension (the latter two factors were categorised as “miscellaneous”). 

Forty-seven participants with IPD and 58 control participants were tested in the second study. 

The mean (SD) MDS-UPDRS of the IPD group was 46.4 (177), range 13 to 98). The 

majority of participants with IPD were classified as Hoehn and Yahr stage II. No significant 

difference was observed in the weight and BMI between the IPD and control groups. Except 

for the strategy and the latency composite scores, the mean differences between the IPD and 

control groups in the balance (equilibrium composite scores, TUG, TUGH, Step, ABC Scale) 

tests outcomes were significant. Both groups were mainly using the ankle strategy (79%) to 

maintain balance. There were significant differences (p<.01- p<.001) between groups in the 

knee strength variables at the speeds 60°/s and 90°/s for the peak torque/body weight, the 

total work, and the time to peak torque. Participants with IPD fell significantly more times 

than control participants during a 6 month follow up. There was no difference in the RAPA 

scores between groups. 

There was no significant difference in the body composition phenotype variables between 

groups. In regards to the body composition phenotype, using the Baumgartner definition, 

there were no participants classified as sarcopenic obese (low lean body mass and high fat 

mass) in either the IPD or the control group. Thirty-two percent of the IPD group and 41% of 

the control group were classified as obese (high fat mass and normal lean body mass). The 

normal lean classification (normal lean body mass and normal fat mass) accounted for 61% 

and 59% in the IPD and the control groups, respectively. Of all the participants only three 

participants were classified as sarcopenic (low lean body mass and low fat mass), and all 

were males with IPD. 

The stepwise regression analysis showed that sex and disease significantly predicted the 

equilibrium composite scores (p< .01). Sex and disease explained a significant proportion of 

variance in the equilibrium composite scores, (-4.1% and +6.4%, respectively p< .01). Total 

body lean mass and age positively predicted the latency composite score (p<.001) and 
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explained 11.3% and 10.8% of the variance in this score p<.001. Disease, age, and leg fat 

significantly predicted the TUG and TUGH tests (p<.05) positively contributing 11% and 

18%, 10% and 9% and 4% & 3%, respectively to the variance of the scores. Disease alone 

contributed 11% to the variance in the Step Test result (p<.001). There were four significant 

predictors (p<.01) for knee muscle strength. Leg fat mass (22%), age (14%), disease (13%), 

and appendicular lean mass (5%) contributed significantly (p<.01) to the variance of peak 

torque/body weight and the total work extension for both 60°/s and 90°/s outcomes. For total 

work knee extension (60°/s and 90°/s) the four significant predictors (p<.001) were 

appendicular lean mass, disease, age and leg fat mass, contributing 37%, 17%, 7% and 2%, 

respectively to the variance. Disease was the only predictor to contribute negatively to the 

time to peak torque extension for the speed 60°/s (p<.05, 5% contribution to the variance).  

Disease and age (p<.001) were the only contributors to the speed 90°/s (11% and 6% 

contribution to the variance, respectively). 

  

Discussion 

In this thesis, we determined postural instability and low muscle strength were existing 

impairments in participants with IPD, even in the early stage of the disease. Disease status, 

age and sex also appeared to be influential factors associated with the deficits in postural 

stability and muscle strength. The total body lean mass, fat mass and appendicular lean mass 

in the lower extremities have a significant impact on postural stability and muscle strength in 

people with IPD. This is the first study to explore the relationship between body composition 

phenotypes, postural stability and muscle strength in IPD.  
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CHAPTER 1 INTRODUCTION 

 

This chapter introduces the thesis and begins by briefly outlining the reasons for this work 

and the research gaps addressed by it. The chapter then leads into the aims, specific 

objectives, hypotheses and design of the thesis. It concludes with an outline of the subsequent 

chapters. 

This thesis focuses on the association between postural instability, lower limb muscle 

strength, and falls with body composition phenotypes in people with idiopathic Parkinson’s 

disease (IPD) compared to healthy age and sex matched people. 

 

1. 1 Background to thesis 

Postural instability is a cardinal sign of idiopathic Parkinson’s disease and one of the main 

causes of falls in people with IPD [1], and is frequently present from the early stages of the 

disease [2]. Although a cardinal sign, postural instability is not fully understood and the 

reasons why people with IPD have postural instability have not been definitively identified 

[3]. Numerous studies have investigated postural instability in IPD and various contributing 

or associated factors for postural instability have been suggested. These include sensory 

dysfunction [4, 5], delayed and abnormal response to perturbation [6, 7], bradykinesia [8], 

stiffness [9-11], drug (L-Dopa) side effects [12], hypotension [13], cognitive dysfunction [14-

17], and muscle weakness [18, 19].  

Muscle weakness has been identified as a key factor for reduced postural stability in IPD [18-

20], as well as a falls risk factor in IPD [20-23]. Paul et. al. showed that muscle weakness is 

the main determinant of decreased muscle power of lower limbs in IPD [24]. Allen et. al. 

reported that participants with IPD with decreased muscle power were six times more likely 

to report multiple falls within 12 months than those with high muscle power (OR= 6.0, 95% 

CI= 1.1 to 33.3) [25]. The cause of muscle weakness in IPD is not fully understood, but may 

be due to the disease process itself or a secondary consequence as a result of immobility or a 

combination of both [26].  
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Muscle loss (sarcopenia) has been associated with ageing [27]. In a study using dual energy 

x-ray absorptiometry (DXA) the prevalence of low muscle mass was reported to be high in 

older adults. The adjusted prevalence of sarcopenia for age and sex varied from 6 to 15% 

among older adults aged 65 years and over [28]. Sarcopenia increases with age and is 

strongly associated with disability [29-31]. More recent studies have shown that elders who 

are concomitantly sarcopenic and obese are at the greatest risk of falling [32, 33]. Further, in 

the general older adult population, decreased muscle mass, particularly in those who were 

concomitantly sarcopenic and obese in their extremities, has been shown to be related to 

decreased gait and balance [34].  

People with IPD are subject to changes in body composition phenotypes and have been 

reported to have decreased bone mineral density [35]. Revilla et. al. using DXA scans to 

evaluate body composition phenotypes in people with IPD, showed a decrease in both fat and 

lean mass in males only [36]. Contradictory results were shown in a study of 22 participants 

with IPD, undertaken by Fernandez et. al., who found a lower fat mass and bone mineral 

density in females only (p<.05) [35]. In cases where IPD is in an advanced stage, a decrease 

in lean mass and increased fat content (sarcopenic-obesity) associated with depletion of bone 

mineral density has been reported [37]. Unlike in the general older adult population, no 

research however has focused on the impact of abnormal body composition phenotypes and 

postural instability in IPD.  

Falls and the consequences of falls are one of the major health challenges facing the older 

adult population [38]. Falls in older adults cause the majority of hip fractures experienced by 

this group, often leading to long term mobility impairment and the need for assisted living. 

Falls are a significant cause of increased mortality rate in older adults [39] and in adults with 

IPD [40].  

Falls are an even greater problem for those living with IPD as the disease itself is an 

independent falls risk factor [41] mainly due to postural instability, a characteristic feature of 

IPD, and other motor symptoms. In addition, IPD is present in the older adult population [42-

47] which increases the falls risk factors as two thirds of people with IPD who live in the 

community will fall within a 12 month period [44]. The age-adjusted risk of multiple future 

falling in people with IPD is reported to be two to three times higher than that of people 

without IPD (OR=2.91,95% CI=1.55) [48]. Furthermore the consequences of falls for people 
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with IPD are numerous and frequently serious - for example, fractures - and often necessitate 

hospitalisation and/or nursing home admission [49]. Falls have consequences other than 

injuries for people with IPD, such as an increased fear of falling, wheel chair confinement, 

and reduction of quality of life and social participation [50-52]. These consequences can 

result in a vicious circle of self–imposed restrictions in daily activity participation, leading to 

psychological complications, reductions in muscle strength [19] and physical performance 

[53, 54], thus further reducing physical activity participation.  

Although there is a significant body of literature that has investigated postural instability in 

people with IPD, the association between postural instability, changes in body composition 

phenotypes, and muscle strength in this population group has not been explored. Investigation 

of such an association may provide new knowledge that can inform the development of 

targeted interventions to improve postural stability and reduce falls in people with IPD. 

  

1. 2. Aim of the thesis 

This thesis was exploratory in nature. The primary aim was to investigate the relationships 

between body composition phenotypes, postural stability, and lower limb muscle strength in 

people with IPD. A secondary aim was to assess the number of falls experienced, falls related 

injuries, and physical activity participation in people with IPD and those of an age and sex 

matched control group.  

1. 2. 1 Specific objectives of the thesis  

1. To systematically review the literature to identify the factors contributing to postural 

instability in people with IPD.  

2. To measure the body composition phenotypes in people with IPD and compare the results 

with those of age and sex matched control participants.  

3. To measure postural stability using both computerised dynamic posturography and a 

range of clinical tests in people with IPD and compare the results with those of age and 

sex matched control participants.  

4. To measure muscle strength of lower extremities in people with IPD and compare the 

results with those of age and sex matched control participants. 
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5. To measure balance confidence and participation in physical activity in people with IPD 

and compare the results with those of age and sex matched control participants. 

6. To prospectively measure self-reported falls over a six month period in people with IPD 

and compare the results with those of age and sex matched control participants. 

7. To explore the relationships between body composition phenotype and measures of 

postural stability and lower limb muscle strength in people with IPD.  

1. 2. 2. Hypotheses 

The null hypotheses tested in this thesis were: 

1. There would be no significant differences in the body composition phenotypes between 

people with IPD and those of age and sex matched control participants. 

2. There would be no differences in postural stability, using computerised dynamic 

posturography and a range of clinical tests, between people with IPD and those of age and 

sex matched control participants.  

3. There would be no significant relationship in isokinetic muscle strength of lower limbs in 

people with IPD and those of age and sex matched control participants.  

4. There would be no differences in balance confidence, physical activity participation 

between people with IPD and age and sex matched control participants.  

5. There would be no differences in number of falls over six months between people with 

IPD and age and sex matched control participants. 

6. There would be no significant relationships between body composition phenotype and 

measures of postural stability and lower limb muscles strength in people with IPD.  

1. 2. 3 Thesis design 

The thesis objectives were addressed by undertaking two studies: 

Study 1: A systematic review in which the literature reporting the factors associated with or 

contributing to postural instability in people with IPD were critically investigated.  

Study 2: A cross sectional study involving measurement of body composition phenotypes 

(measured by DXA scan), postural stability (measured by computerised dynamic 

posturography and clinical tests), and strength of the quadriceps and hamstrings muscle 

groups (measured by an isokinetic dynamometer) in people with IPD and age and sex 
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matched control participants. Balance confidence and physical activity participation were 

also measured in Study 2. As a subsidiary study, falls experienced over a six month period 

were prospectively collected.  

This thesis describes the work undertaken in this research. Chapter Two is a background 

narrative review which begins by briefly describing the pathophysiology of IPD and then 

explores postural stability, falls, muscle strength, body composition and physical activity for 

people with IPD. Chapter Three is a detailed description of the measurement tools that were 

used in Study 2. Chapter Four reports the systematic review (Study 1). Chapter Five describes 

the design and method for Study 2. Chapter Six reports the results of Study 2. Chapter Seven 

discusses the results of Study 2 and those of relevant reported studies, the strengths and 

limitations of the work, future research directions, and the overall conclusions of the thesis.  

  



6 

 

CHAPTER 2 LITERATURE REVIEW 

 

2. 1 Introduction 

Idiopathic Parkinson’s disease (IPD) is a progressive neurodegenerative disease that can 

impair mobility and balance and cause multiple falls. Falling can have a considerable impact 

on a person’s quality of life and participation. The problems associated with IPD are 

primarily caused by inadequate quantities of neurotransmitters in the brain, in particular, 

Dopamine. There is no cure for the disease; however, the symptoms can be managed, at least 

in the short to medium term, by L-Dopa replacement therapy. This chapter is a narrative 

review of the literature pertinent to the thesis, undertaken in order to build a theoretical 

framework for the research. The chapter begins within an overview of the basal ganglia and 

IPD. It then discusses postural stability, falls, muscle strength, body composition phenotypes 

and physical activity; firstly in relation to the older adult population in general, and then 

specifically in relation to IPD. 

   

2. 2 Basal Ganglia in motor control 

The functional control of movement is complex, and involves many areas of the central 

nervous system, primarily the cerebral cortex, the post central gyrus, the basal ganglia and the 

cerebellum [55]. Of relevance to this thesis are the basal ganglia, a group of nuclei which 

work together to regulate and modify voluntary movement. Making up the basal ganglia 

complex are the striatal nuclei (the caudate, the putamen and the nucleus accumbens), the 

globus pallidus interna, the substantia nigra reticularis nuclei, the subthalamic nucleus, the 

substantia nigra pars reticularis and the pars compacta. These nuclei receive information from 

and send information to a wide spread area of sensory and motor neurons in the cerebral 

cortex; they coordinate and integrate information and send output to the cerebral cortex to 

assist in the generation of the optimum motor action. The basal ganglia are responsible for 

subconscious motor preparation and execution, especially movements that involve complex 

sequential and simultaneous motor actions, and movements that are internally generated [56-

58]. Lesions of the basal ganglia usually result in abnormal movements. The most common 
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disorder of the basal ganglia is IPD, which is caused by the degeneration of the nigrostriatal 

neurons of the basal ganglia, resulting in a deficiency in the neurotransmitter Dopamine. [59] 

 

2. 3 Idiopathic Parkinson’s Disease  

2. 3. 1 Introduction 

James Parkinson first described IPD in his “Essay on the Shaking Palsy” in 1817 [60]. It is 

the second most common neurological disease to cause chronic disability worldwide [61, 62] 

and the most common form (75%) of Parkinsonism [63, 64]. This disorder is age-related, 

chronic, and slowly progressive due to continuous neuronal cell death [65] and can shorten 

the normal life span [3]. Parkinsonism is a syndrome which has a variety of movement 

disorder presentations, either hypokinetic or hyperkinetic in nature. Parkinsonism or 

Parkinsonian syndrome is often classified into four main groups: 1) Primary (idiopathic) 

(IPD) or Lewy body Parkinsonism; 2) Parkinson’s- plus syndrome, such as progressive 

supranuclear palsy; 3) secondary Parkinsonism, caused by known factors, such as drugs, 

infections, or metabolic disorders; and 4) Hereditary Parkinsonism, such as Wilson’s disease 

[65].  

IPD is classified as one of the hypokinetic-rigid syndromes, though the tremor that is often 

present is in fact a hyperkinetic manifestation. The characteristic clinical presentation of the 

disease is gradual and progressive, and most commonly includes slowly initiated, reduced 

amplitude, or lack of movement (bradykinesia, hypokinesia, akinesia), rigidity, a 

characteristic tremor, postural instability, and deficits in posture and locomotion. The disease 

also has multiple non-motor symptoms. Both the motor and non-motor manifestations impact 

hugely on a person’s prognosis and quality of life [65]. Pathologically, in IPD there is 

degeneration of the substantia nigra pars reticularis nuclei and the presence of Lewy bodies in 

the remaining intact neurons, resulting in reduction of the availability of the neurotransmitter 

dopamine for use by the basal ganglia [66, 67]. 

2. 3. 2 Aetiology of idiopathic Parkinson’s disease 

The cause of IPD is not known. Many factors are implicated in the pathology of the disease, 

such as infections, trauma, toxins, and certain drugs. It has been proposed that mitochondrial 
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dysfunction is responsible for the neuronal cell death in the substantia nigra pars reticularis 

nuclei, but it is unclear why this occurs. Mutation of the mtDNA has been implicated, 

however, it is likely that IPD may be due to more than one causative factor [68, 69]. A 

combination of genetic and environmental factors may act concurrently to produce IPD [70-

72].  

2. 3. 3 Epidemiology of idiopathic Parkinson’s disease 

The prevalence of IPD worldwide varies from 102 to 190 per 100,000 and is the highest in 

Iceland [73].The prevalence of IPD in New Zealand was reported to be 110.4/100,000 in 

1990 [74]. The disease affects about 1% of people over the age of 60 years; it can be as high 

as 3% in those aged 80 years and over [75], but is rarely seen before the age of 40 years [68]. 

The incident rate for men is almost double (19.0 per 100,000, 95% CI=16.1-21.8) that for 

women (9.9 per 100,000, 95% CI=7.6-12.2) [76]. The possible explanation for the difference 

is due to toxin exposure, oestrogen protection, and x linked genetic risk factors [77]. IPD has 

an insidious and progressive course, causing increasing disability for the person concerned 

[78]. 

2. 3. 4 Diagnosis of idiopathic Parkinson’s disease 

Although a precise clinical definition of IPD is not yet established, experts have outlined the 

criteria for the diagnosis of IPD. The criteria are based on two or more of the three classical 

manifestations as follows: 1) reduced bodily movements (bradykinesia), which can 

encompass reduced amplitude of movement (hypokinesia) and/or lack of movement 

(akinesia), 2) abnormal muscle tone (rigidity), and 3) a characteristic “pill-rolling” tremor. 

The diagnosis of IPD is usually clinically-derived, based on the above mentioned classical 

signs and symptoms. Postural instability is often considered to be the fourth cardinal 

manifestation of IPD, often occurring as a late “subtle” manifestation. However, recent 

studies have indicated that postural instability may be present prematurely in the early stages 

(before stage III) of the disease [79].  

Even though specific diagnostic criteria for IPD have been defined, the clinical diagnosis of 

IPD has low specificity and can be inaccurate in about 25% of cases [78, 80, 81]. Diagnosis 

does, however, become more accurate as the disease progresses [81]. 



9 

 

2. 3. 5 Clinical manifestations of idiopathic Parkinson’s disease 

The clinical manifestations of IPD are divided into motor symptoms and non-motor 

symptoms. The non-motor symptoms include anosmia (disturbed olfactory function), and 

psychological, cognitive, autonomic, and gastrointestinal manifestations. These may 

negatively affect a person’s quality of life [65, 82, 83]. Predominantly, the disease presents as 

a progressive decline in motor function, characterised by bradykinesia, akinesia, or 

hypokinesia of movement initiation [68]. The clinical manifestations usually start unilaterally 

and are slow in development [78]. Another characteristic feature of the disease is significant 

postural disturbances, which include postural instability and marked flexion of the trunk, 

known as a “stooped” posture [84, 85]. Postural instability may lead to frequent and recurrent 

falls and is present in about 36-73% of people with IPD [44]. Falls can significantly impact 

on the person’s life, resulting in inactivity, loss of independence, and reduced social 

participation, as well as causing substantial economic consequences [86].  Falling and 

postural instability in IPD are discussed in more detail below (2.5.4) and in Chapter Four. 

2. 3. 6 Idiopathic Parkinson’s disease and ageing 

Idiopathic Parkinson’s disease incidence increases with age, thus ageing is a risk factor for 

development of the disease. There is evidence that the cellular mechanisms that are related to 

the ageing of dopaminergic neurons are similar to those described in the nigrostriadal 

degeneration in IPD [87-89]. It is thought that ageing induces a pre-parkinsonian state such as 

sleep disturbances causing rapid eye movement and anosmia due to loss of dopaminergic 

neurones in Basal Ganglia. For example, two studies by Schieppati et. al. and Horak et. al. 

reported a mild degree of similarity in postural response between IPD and community-

dwelling older adults [90, 91]. It may be that the cellular mechanisms of dopamine neuron 

death during normal ageing are progressed faster in IPD, possibly as a result of both genetic 

and environmental factors [89, 92].  

2. 3. 7 Management of idiopathic Parkinson’s disease 

There is no cure for the disease or treatment proven to slow disease progression. IPD is 

currently managed by providing symptomatic relief, primarily in the form of dopamine 

replacement via a dopaminergic precursor [62]. L-Dopa, a dopamine precursor [93, 94], is 

considered the first line and gold standard therapeutic approach to management of IPD [12]. 
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Unfortunately, the effect of L- Dopa therapy is variable and its effectiveness decreases with 

time, requiring increasing doses of medication. With increasing doses of L-Dopa come 

exacerbated drug side effects [95]. Dopaminergic agonists are often used alongside L-Dopa 

to reduce or delay increasing L-Dopa doses [96]. 

Surgical treatment through implanted stimulators to certain parts of the brain in some people 

with IPD has beneficial effects on the freezing of gait, bradykinesia, and rigidity [97]; 

however, it has not been shown yet to improve postural instability [98]. Recently, surgery on 

the pendiculo-pontine nucleus and other related neuro-receptors has shown some potential to 

impact on postural instability in people with IPD [99]. 

A variety of rehabilitation and exercise-based approaches to improve gait and postural 

impairments have been described, such as the use of visual cues, advice to avoid combining 

complex motor and cognitive tasks and exercise [61]. Gait and posture are improved with 

participation in rehabilitation programmes [100], with longer participation being considered 

more beneficial [101]. 

  

2. 4 Postural instability 

2. 4. 1 Introduction and terminology 

Stability during standing and walking is essential for the safe performance of daily activities 

[102]. Postural stability, balance, and equilibrium are all terms that have been used to 

describe this stability, but there appears to be no consensus on a definitive definition of 

human balance or its related terms [103]. Interpretation of the term “balance” often has 

different meanings for different people [104]. For example, Pollock et. al. refer to postural 

balance or postural control as “the act of maintaining, achieving, or restoring the line of 

gravity within the base of support” [103 p. 404]. Each definition could not easily justify the 

quantification of postural stability. Balance has also been described as dynamic equilibrium 

or posture in motion, but during the stance state, it is often described as a static equilibrium 

[105]. Shumway-Cook in 2001 defined postural control as “an act of controlling one’s body’s 

position in space for the purposes of balance and orientation” [55 p. 164]. Horak (1987) 

stated that balance or equilibrium can be referred to as postural stability and defined it as the 
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“ability to maintain or return the body's centre of gravity within the limits of stability that are 

determined by the base of support” [106 p. 2]. In this thesis the terms “postural stability” and 

“postural instability” have been used, bearing the Shumway-Cook (2001) definition in mind 

[55]. Figure 3. 2 (C) shows the stability limit while an individual uses the ankle strategy 

during swaying and platform perturbation. 

All the neuromuscular systems involved in motor control need to be intact and correctly 

functioning to achieve postural stability. These systems work together to produce postural 

control strategies that can be either predictive (anticipatory) or voluntary (reactive and 

voluntary) in nature and can either maintain the body within its base of support or change the 

body’s base of support [102]. The sensory systems (somato-sensory, visual, and vestibular) 

contribute to the maintenance of balance or equilibrium, although the exact contribution of 

each system is debatable [107]. A number of other factors contribute to postural control and 

balance, for example, the type of motor task, the environment, and age of the individual [55, 

108]. 

When referring to postural stability, the term “limits of stability” is used. This describes “the 

maximum distance (angular deviation from vertical line of centre of pressure) that a person 

can lean in a given direction without losing upright posture, stepping, or reaching” [55 p. 

597]. Limits of stability include the outer edge of the feet in contact with the ground in a 

quiet stance position, and the body’s centre of pressure maintained within the body’s base of 

support. Should the centre of pressure fall outside this stability limit then the person has to 

take one or more steps to maintain their balance and not fall. Taking these steps restores the 

centre of gravity back within the person’s base of support [55]. 

Postural stability can be disturbed in three ways: (1) an applied external force moves the 

centre of gravity beyond the base of support, (2) the surface on which the person is standing 

moves, and (3) an internal force is applied to the body, for example, the muscle contractions 

generated as a person begins to move. To maintain posture or balance the muscles contract to 

counteract the forces of gravity and the aforementioned internal and external forces [106, 

109]. The sequence of muscles contractions and subsequent movement generated are referred 

to as postural motor strategies and four main strategies have been described; namely the 

ankle, hip, stepping, and suspensory strategies [55]. 
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The ankle strategy is elicited by a perturbation, which is small in amplitude, timing and force, 

and mostly involves the muscles around the ankle and foot. A faster, more forceful, or larger 

amplitude force provokes a hip strategy, which involves more the hip muscles [110-112]. In 

practice, a person will use a mixture of strategies, depending on the nature of the 

perturbation, to maintain stability in both antero-posterior and medio-lateral planes [55, 108, 

113-116]. A description of each postural strategy is summarised in Table 2. 1. 

2. 4. 2 Postural instability and ageing  

Ageing can have a detrimental effect on the maintenance of postural stability, and as a result, 

older adults are at more risk of falling than younger adults [117]. In addition, age can change 

the motor strategies used to maintain postural stability; for example, older adults may be 

more reliant on the hip strategy than the ankle strategy to maintain postural stability, even in 

response to small perturbations [118]. As a result, body sway in older adults may be greater 

than in younger adults [118]. Conversely, younger people normally only use the hip strategy 

if the perturbation is forceful and quick [119]. Reduced function of the stretch reflex, possibly 

due to deterioration of the nerve endings of peripheral nerves in the lower extremities due to 

ageing, may be one reason for the increase sway seen in older adults [120].  

2. 4. 3 Postural instability and idiopathic Parkinson’s disease 

Postural instability is one of the main motor manifestations of IPD, caused by both the 

disease process itself and ageing [87, 121, 122]. Postural instability has a significant impact 

on independence, especially in the advanced stages of the disease [61], and increases the 

person’s risk of falling [43, 123, 124]. Although most studies claim postural instability to be a 

late presentation in patients with IPD [86, 125], recent reports suggest postural deficits are 

present in the early stages of the disease [2, 126]. 

Chapter 4 in this thesis is a systematic review of literature about the factors thought to cause 

of postural instability in IPD, and so this subject is not dealt with here.  
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Table 2. 1 Types of postural strategy 

Strategy Role Force 

elicited 

Direction of muscle 

action or movement 

Muscles used 

Ankle 

strategy 

To control normal 

postural sway 

during the upright 

position. 

Small, slow Muscle groups 

contract distally to 

proximally. 

Soleus, Gastrocnemius, the 

hamstring and paraspinal 

muscles mainly control 

forward postural sway. 

Tibialis anterior, quadriceps, 

and the abdominal muscles 

mainly control backward 

sway. 

Hip strategy Large or rapid 

degree of 

perturbation, when 

an uneven surface 

and obstacles are 

encountered, or 

when the support 

area is smaller than 

the feet. 

Large, rapid Muscle groups 

contract proximally 

to distally. 

Mainly hip and spinal 

muscles. Abdominal muscles, 

lower limb muscles. The 

anterior/posterior aspect of the 

body. 

Stepping 

strategy 

One or two steps 

taken to restore 

centre of mass to 

within the base of 

support.  

Unexpected 

and rapid 

postural 

disturbance. 

Stepping can be 

forwards, 

backwards, or 

laterally. 

Most muscles of the lower 

limb involved, depending on 

direction of steps. 

Suspensory 

strategy  

To lower the centre 

of gravity during 

static or dynamic 

conditions.  

 Knee flexion, 

crouching or 

squatting. 

Most muscles of lower limb 

involved, depending on the 

degree of action. 
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2. 5 Falls 

2. 5. 1 Classification of falls 

Falls are often classified according to the number of falls per given period of time, usually a 

12 month period. An individual who has fallen once within a defined period of time is 

considered to be a “single faller”. A “recurrent faller” is an individual who has fallen two or 

more times within a time period (usually 12 months) [127]. A single fall by an older adult 

may not signify much a “recurrent faller” as similar characteristics have been found between 

older adult non-fallers and single fallers such as muscle strength, body sway degree, and 

reaction time. These characteristics, however, have been found to be significantly different 

when comparing the non-faller older adult to an older adult who is a recurrent (≥2) faller 

[128]. Hence, some studies consider a “faller” as someone who has had two or more falls. 

There is debate on the ideal method of categorising fallers in terms of the number and period 

of collecting data. Thomas, et. al. [129] classified IPD fallers as follows: “infrequent fallers”: 

2-4 falls over a three month period; “frequent fallers”: 5-15 falls over a three month period; 

“very frequent fallers”: more than 15 falls over a three month period. Allen, et. al. suggested 

adding another two categories, “non-fallers” and “single fallers”, to this classification [127]. 

2. 5. 2 Definition of a fall 

Experts in fall prevention have suggested that the disparity in the rates of falling reported in 

many studies is due to lack of a definitive definition [130-132]. Many definitions of a fall 

have been suggested. The definition proposed by the Prevention of Fall Network Europe 

(ProFaNE) is now internationally used in research and was adopted in this thesis, namely, “an 

unexpected event in which the person comes to rest on the ground, floor, or lower level” [133 

p. 1619] 

2. 5. 3 Falls in older adults 

Falls in people aged 65 years and over are common, and are a major health problem for this 

population group [134]. The impact of falls can be extensive, affecting morbidity, mortality, 

hospitalisation and institutionalisation, wheelchair use and immobility, functional 

deterioration and disability, as well as socio-economic status. Around a third of people aged 

65 years and older fall each year and 66% of all injuries in this age group are due to falls 
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[135-137]. Around half of institutionalised older adult residents sustain a fall each year [138]. 

A meta-analysis of falls incidence conducted on 404 community dwelling New Zealanders 

(aged 65 to 97 years) found that 43% had fallen during the last 12 months. The prevalence of 

male fallers (n=235) was 0.72 (95% CI=0.47-1.10), and the female fallers (n=777) was 0.64 

(95% CI=0.49-0.84) [139]. The chance that a fall will cause a severe injury requiring 

hospitalisation greatly increases with age [140].  

2. 5. 4 Falls in idiopathic Parkinson’s disease 

Falls are a frequent occurrence for many people with IPD and are associated with impaired 

quality of life, even in the early stages of the disease and even in those who are not yet 

receiving anti-Parkinson medications [141, 142]. IPD itself is a risk factor for increasing falls 

risk in comparison to age-matched individuals without IPD [143]. About 40–50% of people 

with IPD fall at least once a year compared to 30% of non-disabled ambulatory older adults 

[48]. One prospective study found that about 60% of people with IPD will have at least one 

fall within a six month period [144]. A longitudinal study revealed that falls occur in 81% of 

people with IPD who survive 15 years from the diagnosis, 23% of whom sustain a fracture. 

Almost 87% of people with IPD will fall within 20 years of onset of the disease [124, 145].  

Despite variability in the rate of recurrent falls in many studies, it is suggested that between 

50-67% of people with IPD who fall will have recurrent falls [127]. One study reported that 

13% of people with IPD will have one self-reported fall per week, but some people report 

falling multiple times a day [51]. Allen et. al. reported that 95% of people with IPD who also 

have dementia sustained recurrent falls [25, 146].  

There are several published reviews on risk factors for falls in IPD [147, 148]. 

Notwithstanding, the type and extent of risk factors are still not fully understood. Identified 

risk factors for falls and recurrent falls in IPD include severity and duration of the disease, 

postural instability [40, 51, 149-152], drug treatment [153, 154], declining cognitive function 

[153, 155], and decreased physical activity [40]. Takeuti et. al. [156] found a strong 

correlation between disease severity and episodes of falls (r=.92) and a moderate correlation 

between disease duration and episodes of falls (r=.57) [156]. Instability during walking has 

been shown to account for 38-73% of falls that might result in injuries [43]. Further research 

needs to differentiate the risk factors for falling for those who are classified as single fallers 

and infrequent fallers with those who are recurrent and frequent fallers [127].   
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2. 5. 5 Consequences of falls in idiopathic Parkinson’s disease 

The consequences of falling include musculoskeletal injuries, osteoporosis, and loss of 

mobility, social isolation, decreased quality of life, and disability [157]. Falling can be very 

debilitating for people with IPD and can be a cause of fatality [158].  

Injury is the main and most dangerous consequence of falling for people with IPD, 

potentially leading to a vicious cycle of confinement to bed which in turn may result in 

decreased physical activity, and further falls. Fracture risk is higher in those with IPD, almost 

double in number in comparison to their matched older adults and accounts for 12.5% fall 

related hospital admissions [159]. Fear of falling and loss of confidence can lead to recurrent 

falls [22, 49, 160, 161]. Doherty, using the Parkinson’s Disease Questionnaire for QoL 

(PDQ-39), found 49% of people with IPD had a fear of falling [52]. A study by Mak and 

Pang [162] on the association of balance and mobility and balance confidence in 71 

participants with IPD and 49 control participants showed that 46% of the participants with 

IPD had experienced a fall, and this group had significantly lower fall confidence scores 

(measured with the Activity-specific Balance Confidence (ABC) Scale), shorter one-leg-

stance test times, and longer times to complete the Timed Up and Go test (TUG Test) than 

the PD non-fallers (TUG≥16s, p<.05). However, the TUG results were not significantly 

associated with falls. The ABC Scale score of 80 or more was significantly associated with a 

lower fall risk. Recurrent fallers in the IPD group had more muscle weakness than IPD single 

fallers and non-fallers.  

 

2. 6 Muscle strength  

2. 6. 1 Muscle strength and ageing 

Ageing has serious consequences on skeletal muscle function and structure, resulting in 

decreased movement speed and strength, which can in turn impact on postural stability and 

be a contributing factor to increased risk of falling. Muscle weakness is considered one of the 

contributing factors for functional decline in older adults living in the community [163, 164], 

leading to diminished independence and social participation [165]. This decline in strength 

coexists with a decrease in muscle mass (defined as sarcopenia) and with a structural 
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decrease in the number and size of motor units, presence of chronic diseases, medication, 

inactivity, and malnutrition or obesity [164]. Most chronic diseases that are associated with 

musculoskeletal ageing cause substantial functional decline as well as an economic burden 

[136, 166, 167].  

In a summary of 16 controlled trials, muscle weakness and postural instability in the older 

population were established as major contributors to falling in older adults [168]. Isokinetic 

muscle weakness of four muscle groups: the flexor / extensor knee and ankle dorsi-flexor / 

planter-flexor muscles were reported in nursing home residents who had a history of falls. 

Weakness was most evident as a decrease in muscle power of the ankle dorsiflexor muscles, 

which was 7.5 times less than that of the comparison control group [169]. Decreased knee 

extensor strength was linked to poor balance, using both static and dynamic balance tests in 

older adults with an average age of 82.7 years; and those who had sustained fractures due to 

falling were found to have weaker quadriceps muscles [170].  

2. 6. 2 Muscle strength in idiopathic Parkinson’s disease 

Although people with IPD have been reported to have muscle weakness, the muscle 

weakness in this disease is not fully understood. It is not clear whether weakness in IPD is of 

a central or peripheral origin [171]. It appears that muscle weakness is present bilaterally in 

people with IPD, but may manifest more on one side in the early stages of the disease [172]. 

Koller and Kase argued that muscle weakness in IPD is a primary sign related to basal 

ganglia dysfunction (as opposed to a secondary effect of inactivity). These authors found 

muscle weakness in the early stages of participants with IPD in both the affected and non-

affected sides [46].  

A number of studies have reported people with IPD to be weaker than age-matched non- 

disabled controls [23, 46, 173, 174]. Inkster et. al. found significantly reduced concentric 

isokinetic knee [F(2,18)=9.0, p <.05)] and hip [F(2,18)=4.5, p<.05] extensor torques in 10 

males, mean (SD)=64.1 (10.1) years old, with mild IPD (mean of 2.1 on the modified Hoehn 

and Yahr staging scale) compared with 10 age and sex-matched controls. The torque for the 

hip extensors in IPD during an “on” state of treatment was only 70% of the value for controls, 

and was highly and negatively correlated with functional ability (Sit to Stand test; r= −.71 

during “on” and r= −.80 during “off” state, respectively, p<.05), while the torque for the knee 

extensors in IPD in the “on” state was 90% of the value for controls. L-Dopa was found to 
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have no effect on muscle strength during “on” and “off” state of treatment [173]. This study 

did not include time to perform functional tests or include a number of different angular 

torque speeds/time to measure muscle power and thus did not investigate the consequences of 

slow movement (bradykinesia) on muscle strength [173]. Koller and Kase [46] reported a 

reduction in muscle strength around the knee, wrist, and upper extremities in people with the 

early stages of IPD in comparison with non-disabled older adults. The study found isokinetic 

muscle weakness around the hip and knee joints was present in the affected and unaffected 

side in hemiparkinsonism. Pääsuke et. al. [23] reported people with IPD have a low maximal 

isometric knee extension force relative to body mass bilaterally, and a lower maximal rate of 

isometric force development than control participants (p<.05). Further, the bilateral strength 

deficit was greater (p<.05) in female participants with IPD (n=10, age 65-68 years) than in 

female controls (n=10). The flexor and extensor isokinetic peak torque, muscle power, and 

total work was 60-70% weaker in the IPD participants than in aged matched controls. This 

reduction was greater for the knee extensor in peak torque, total work, and power in two 

(60°/s and 180°/s) angular speeds than for the flexor group. Pang et. al. [174] showed there 

was a decrease in isometric hip flexion and knee extension strength on the non-dominant side 

(p=.05) in women with IPD (n=34) compared with control women (n=30), measured with a 

hand-held dynamometer. This study found an association between muscle strength and 

osteopenia (n=12 (35%) and osteoporosis (n=3 (9%), with leg muscle strength alone a 

predictor of bone mineral density; muscle strength contributed to 8.8-10.6% in the variance 

of hip bone mineral density [174].  

Kakinuma et. al. [172] suggested that the IPD strength is influenced by the speed of joint 

movement. This study implemented two (30°/s and 90°/s.) isokinetic torque speeds of muscle 

strength around the knee joint in 23 people (9 men and 14 women) with IPD, who largely 

showed ipsilateral signs of the disease. The study found more weakness in the affected side in 

both slow and rapid torque speeds; it was significant at fast torque speed and the difference 

between the sides decreased with the decrease in the torque speed of the isokinetic tests in 

more severe cases of the disease [172]. The shape of the muscle torque curve of those with 

IPD was reported to be maintained on the more affected side, so it was thought that the 

weakness could not be as a result of bradykinesia or have been influenced by peripheral 

factors such as disuse syndrome. Participants had mild to moderate disease severity; people 

with severe stage (IV and V) disease were excluded, as they would have been unable to do 
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the test or unable to move their knee joints properly on the isokinetic muscle strength test 

(Biodex® System 3). The authors suggested their findings indicate that weakness is inherent 

in IPD [172] and thus likely to be a primary manifestation in IPD.   

In more advanced disease, the difference in torque strength of extension between the left and 

the right sides was found to be insignificant at a slow speed, but the difference was 

significant at a faster speed (p=.08 at 15 r.p.m, p=.02 at 30 r.p.m.) [175]. Although Nogaki et. 

al. argued that muscle weakness increases with torque velocity, suggesting an influence of 

bradykinesia with progression of disease severity in IPD [175, 176], Allen et. al. [177] found 

the contrary with a clinical test of muscle strength. These authors studied muscle power of 

knee extensors (newton/watt) in people with IPD by getting participants to lift weights as 

quickly as possible. The study results showed the strength in those with IPD was 172 

Newtons weaker (95% CI=28-315) and the power was 124 (95% CI=32-216) Watts lower 

than the control participants. During light–medium weight lifting, the velocity at peak power 

was decreased, while during the lifting of heavy weights, bradykinesia was no longer a factor 

in decreasing the strength. These findings suggest that reduced muscle power at lighter loads 

when performing lifts arises from both muscle weakness and bradykinesia, whereas it was 

from muscle weakness only during the lifting of heavy weights. The absence of bradykinesia 

during lifting of the heavy weights was probably because there was sufficient time to achieve 

maximal strength during low movement speed compared to high movement speed [178]. 

People with IPD have difficulty rising from a chair, a fundamental daily functional task that 

requires lower limb strength and a large degree of a range of motion [179]. Inkster et. al. 

investigated the relationship between concentric isokinetic strength of hip and knee extensors 

and the ability to arise from the chair (sit to stand test) in 10 men with IPD, during “on” and 

“off” state of medication, and 10 age and sex-matched controls [173]. These authors found 

weakness in muscles around both the hip and knee joints in the participants with IPD, but not 

in the control participants; this weakness was more marked in the hip joint muscles. Hip 

strength in those with IPD and knee strength in the controls was related to a better sit to stand 

test. In another study investigating muscle strength and functional activity, leg extensor 

muscle strength was found to be significantly and negatively correlated with the timed up-

and-go (TUG) test (r= −.68, p=.003) in people with IPD [180]. 

Decreased muscle power has been reported to be associated with multiple falls in people with 

IPD. In one study, knee extension power and strength was measured with a Keiser leg press 
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machine. Reduced knee extension power explained more than half the variance in walking 

speed (R2= .54, p<.05) [25], and those with low muscle power were six times more likely to 

report multiple falls than the participants with high muscle power (OR= 6.0, 95% CI=1.1 to 

33.3) [25]. Durmu, et. al. reported a correlation between velocity-independent isokinetic 

muscle weakness in knee flexors and extensors muscles in IPD and severity of the disease 

and falls [21]. 

Muscle weakness in IPD has been found to be linked with increased fear of falling in IPD. 

Using regression analysis, isokinetic knee muscle strength, measured with a Cybex Norm 

isokinetic dynamometer (Lumex, Inc, Ronkonkoma, NY, USA), added 7.3% (p<.05) of 

contribution to the variance of the Activity-specific Balance Confidence Scale score in 57 

participants with IPD [20]. The study suggested that knee strength is a critical and 

independent determinant of the level of fear of falling in individuals with IPD [20]. 

 

2. 7 Body composition phenotypes 

2. 7. 1 Introduction 

Precise analysis of body composition phenotypes is one of the best indicators in determining 

overall health. The proportion of body composition phenotypes can change even in the 

absence of a change in body weight or body mass index. All human bodies have the same 

basic elements, namely, fat, lean tissue, and bone. Body composition is determined by the 

percentage of fat, lean mass, and bone density making up the body [181]. The proportion of 

body composition changes during normal growth in childhood and adolescence, and with 

physical activity, nutrition, pregnancy, ageing, and diseases. Variation in the basic 

components of the body such as high fat mass (obesity) [164, 182, 183] can have a significant 

impact on people’s health, while sarcopenia and osteoporosis in older adult populations may 

affect gait and balance [34, 184]. Age-related decline in bone mineral density and bone 

mineral content can lead to osteoporosis and an increase in fracture risk [185]. Low lean mass 

and increased fat mass are associated with mobility limitation and postural instability [186, 

187]. 
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2. 7. 2 Body composition phenotypes 

Four body composition phenotypes in older adults have been recognised, namely: normal 

lean (NL) - normal lean body mass and normal fat mass; sarcopenia (SS) - low lean body 

mass and normal or low fat mass, sarcopenic–obese (SO) - low lean body mass and high fat 

mass, and obese (OO) - high fat mass and normal lean body mass [34]. The SO body 

phenotype can develop without a significant change in body weight or BMI [188]. Therefore, 

identifying the SO body phenotype is more difficult than identifying the SS or the OO 

phenotypes.   

According to Kim et. al. the prevalence of SS and SO, using the cut-point of 2 standard 

deviations of appendicular skeletal muscle (ASM)/height2 reference values of young adults 

(as derived by Baumgartner et. al. [189], was 6.3% and 1.3% in older (>60 years) men and 

4.1% and 0.8% in older (>60 years) women, respectively [190]. However, it has been 

reported that age- and sex-adjusted prevalence of SS can vary by about 6-15% among older 

adults aged 65 years and over [28].  

There have been many other ways to classify body composition phenotypes that have resulted 

in widely varying prevalence. For example, in measuring SS using body cell mass 

measurement, the prevalence was found to be 22% and 20% in males and females, 

respectively; while it was 4% and 11% in male and females, respectively, when SS was 

measured using the lean body mass type of measurement [191]. Baumgartner and his 

colleagues introduced a cut score for defining SS. These authors proposed an index for bodily 

muscle mass from the proportion of muscle extremities, measured by DXA scan, known as 

the relative appendicular skeletal muscle index (RASMI). The RASMI is determined by 

dividing the amount of appendicular skeletal muscles (ASM) in kg by height squared in 

meters. SS is said to be present when the RSMI is less than 2SD of the average value of a 

normal young age group. Accordingly, the cut score for defining SS is less than 7.26 kg/m2 

and less than 5.45 kg/m2 in men and women, respectively [189]. Despite the presence of other 

methods for defining SS [192, 193], the Baumgartner method is the most widely used and it 

is still considered a reliable score for defining SS. It was therefore the method used in this 

thesis to determine prevalence [189]. 
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2. 7. 3 Measuring body composition phenotypes  

Methods of instrumental measurement of body composition phenotypes range from simple 

measurement of skin thickness, to sophisticated and advanced methods such as computed 

tomography scanning and magnetic resonance imaging. Each method has advantages and 

disadvantages, accuracy errors, and limitations [194-196]. Dual energy x-ray absorptiometry 

(DXA) scan is considered the gold standard method of measuring body composition 

phenotypes [197]. The DXA scanner is an objective tool, which has been established as a 

reference method for measuring body composition phenotypes [198]. It measures fat mass, 

lean mass, and bone mineral density by attenuation of x-ray energy depending on the density 

and chemical components of the examined tissues [181]. It can also measure regional body 

composition phenotypes [199]. The technique is only able to measure the pixels of soft tissue 

that do not contain bone tissue. Thus, if an area contains a large bone mass, the accuracy for 

soft tissue measurement is affected due to fewer pixels measured, as it will then calculate 

lean-to-fat mass from about 60% of the body [199]. 

2. 7. 4 Phenotype, gait and balance 

Studies have investigated the relationships between changes in body composition phenotypes 

and functional impairment and disability in older adults [32, 189, 200]. Baumgartner et. al. 

showed that the prevalence of SS in older adults was 13-24% in people less than 70 years of 

age and increased to more than 50% in people above 80 years of age. [189]. SS was found to 

be significantly associated with physical disability in both sex groups. A decrease in muscle 

mass and function has been found to double the fracture risk in older adults aged 60 years and 

above [201-203].  

The relationships between body composition phenotype and bone mass with functional 

capability performance (timed up and go, chair stand, single leg stand, and step test) were 

studied in a New Zealand sample of 183 individuals aged 72.7 (SD 6) years, recruited from 

participants in falls prevention intervention trial [34]. This study showed that in this cohort, 

51 participants were NL, 18 were SS, 29 were SO, and 85 OO. The study found a prevalence 

of osteoporosis in those with low appendicular muscle mass, as follows: 22% SS, 17% SO, 

12% in NL, and 7% in OO. Osteoporosis of the femoral neck with low appendicular muscle 

mass explained poor functional performance (chair stand performance β= -3.3, SE 1.6, 

p=.04). The SO group scored the lowest on the chair stand (p= .03) and step test (p=.03). 
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Those who had higher appendicular muscle mass had a better timed up and go performance 

(p= .001) [34]. 

Sarcopenia has clinical implications for older adults. Although it is generally agreed that the 

deleterious effects of ageing on muscle function and size are inevitable, debate exists as to 

whether these intrinsic changes are permanent or reversible [204]. Recently, a cohort study 

found an association of SO phenotype with low nutrition and physical inactivity in an older 

adult group in Korea [205]. This study was conducted to define the prevalence of SO, using 

DXA scan, in 2,221 Koreans aged over 60 years of age and found the prevalence of SO to be 

6.1% (95% CI=6.1-6.2) in male participants and 7.3% (95% CI=7.3-7.3) in female 

participants. SO was positively associated with high serum insulin levels, negatively 

associated with vitamin D levels, not working, and the number of combined medical 

conditions [205].  

Another Korean study of 526  people over 60 years of age (198 males, 328 females) found 

the prevalence of SS was 5.1 and SO was 6.3 (using 2 SD of ASM/height2 below reference 

values from young, healthy adults as a definition of sarcopenia) [206]. Using the residuals 

method, the prevalence of SS was 15.4% and 22.3% in older males and females, respectively. 

By using 2SD of skeletal muscle index (SMI), however, the prevalence of SS and SO was 

5.1% and 5.1%, respectively, in older males and 14.2% and 12.5%, respectively, in older 

females. Among females, SO participants defined by the SMI had three times the risk of 

metabolic syndrome (odds ratios (OR)=3.24, 95% CI=1.21-8.66) and OO participants had 

twice the risk of metabolic syndrome (OR=2.17, 95% CI=1.22-3.88) compared with normal 

participants. Similar trends were observed in male participants [206]. 

A prevalence survey of sarcopenia was conducted on older adult participants (n=883) living 

in the community of New Mexico during the period 1993 to 1995 [189]. The prevalence 

ranged from 13-24% in participants under 70 years of age to >50% in persons over 80 years 

of age. It was slightly greater in Hispanics than in non-Hispanic whites. Sarcopenia was 

significantly associated with self-reported physical disability in both men and women. It was 

independent of age, ethnicity, associated disease, obesity, income, and healthy lifestyle [189].  

An Australian review reported that physical activity, nutrient intake and sun exposure decline 

during ageing and each one of these factors has an important role in the prevention of SS 

[207]. In addition, associated chronic diseases within older adult populations and multiple 
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medicatios may aggravate the progression of SS. This report inferred that these factors could 

be modified through changing lifestyle and health care interventions and may represent the 

most effective targets for sarcopenia prevention during the ageing process [207]. 

2. 7. 5 Idiopathic Parkinson’s disease and body composition phenotypes. 

People with IPD frequently suffer from weight loss, even in the early stage of the disease 

[208]. Variable motor and non-motor manifestations have been found to be associated with 

weight loss, such as rigidity [209], tremor, autonomic dysfunction, olfactory function [210-

213], and dysphagia [214]. During the disease process, the side effects of medications, such 

as nausea and vomiting can impact on food intake, and hence expose people with IPD to 

malnourishment, whilst the development of rigidity, tremor, and involuntary movement can 

lead to marked elevations in energy expenditure, hence they become susceptible to 

malnutrition and increased resting energy expenditure [215] and require more energy intake 

[216]. Declining olfactory function, slow time for completing a meal, disturbance of digestive 

system function due to autonomic dysreflexia, and difficulties in swallowing are other causes 

for decreasing weight in IPD [217, 218]. Weight loss and a decrease in body mass index 

(BMI) appear to be associated with the severity of IPD as are a decrease in bone mineral 

density and Vitamin D [37, 219]. People with IPD are four times more likely than those 

without IPD to weight loss, and to have lower BMI, triceps skinfold thickness, and 

percentage body fat, all of which correlate significantly with weight change and the stage of 

the disease [212]. These factors increase the risk of fracture as the disease progresses [213, 

220, 221]. People with dysphagia had a lower carbohydrate intake, mean (SD)=186 (49) g. 

than those who were non-dysphagic, and the BMI in the dysphagic group, mean (SD)=19.1 

(3.6) kg/m2) was lower than that in the non-dysphagic group (21.6 SD 3.0 kg/m2, (p < .005) 

[222]. Studies show that the duration of IPD disease is associated with an increased risk of 

malnutrition (p=.01) [223, 224]. Few reports on IPD found a high fat mass, low fat-free mass, 

and low bone mineral density [37, 225]. 

Although the majority of the studies on weight reported weight loss due to motor and non-

motor symptoms, there are reports on weight gain in IPD. One study reported more obesity 

(19.2%) and overweight people (46.9%) with IPD compared to a control group, mean 

(SD)=9.1 SD 5.4 vs 27.2 SD 4.7 kg, p<.001) [226]. This phenomenon, in particular, was 
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obvious after a long period of surgical therapy with deep brain stimulation [211], which may 

suggest it is a health problem as a side effect of this therapy [227].  

Revilla et. al. [228] studied body composition phenotypes, using DXA scan, in 52 people 

with IPD (28 males, 24 females) whose mean (SD) disease duration was 5.9 (4.8) years and 

80 age and sex-matched healthy controls (40 males, 40 females). The authors found no 

significant difference between the two groups for height, weight, and body mass index. 

However, they found the total fat and percentage fat were significantly higher (p<.01) and the 

lean body mass and water content were significantly lower (p<.001 for each) in males with 

IPD when compared with male controls. All values were similar in female participants with 

IPD compared with the female control participants. In an earlier study, Revilla et. al. [36] 

investigated bone mineral content with computerised radiography and digital x-ray 

radiogrammetry of metacarpal bones. They reported that people with IPD had lower bone 

mineral content, and this was significant for both males (p<.05) and females (p< .05) in 

respect to their controls. The computerised radiography did not differ significantly between 

the IPD and the control groups. A pilot study was conducted by Fernández et. al. [35] on 

body composition phenotypes, using DXA scan, in 22 people with IPD of mean (SD) age 

67.3 (6.8) years in stage II to stage IV with a disease duration of 6.7 and 6.6 years in women 

and men, respectively. This study found women with IPD to have significantly lower weight 

(-9.5%), BMI (-9.2%), fat mass (-24.0%), and BMD (-5.6%) than controls. There were no 

significant differences for men. Petroni et. al. [37] studied the advanced stage of IPD using 

DXA scans. These authors found SO in 35 people with IPD (20 males, 15 female 

participants; participants had a mean (SD) age=69.7 (5.8) years, and 71% had disease 

duration of more than 4 years). Although this study is the only one to reveal SO in IPD, it 

must be noted that the cohort were people with an advanced stage of the disease.  

Although the above cited studies report abnormalities in proportions of body composition 

phenotypes in people with IPD, the results are conflicting. Sarcopenia and osteoporosis are 

more prevalent amongst those with IPD. Sarcopenic obesity and increased fat mass have been 

reported, and there is even work showing that people with IPD are more overweight than 

control participants. No study was found that had investigated the relationship between body 

composition phenotypes, postural stability, and muscle strength in people with IPD. 
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2. 8 Parkinson’s disease and physical activity  

People with IPD appear to be less active than their aged matched peers [229]. The reasons for 

this may be many. Lower limb strength is decreased in IPD and this has been shown to 

impact on daily activity such as arising from a chair and walking [173]. Reduced levels of 

physical activity have been shown to be associated with fatigue (beta= -.099, SE=.032, 

p=.002) [229, 230] as have apathy and depression in people with IPD [231]. Furthermore, 

fatigue in people with IPD further limits physical activity [232-234]. The association of 

reduced physical activity, postural instability and changes in body composition phenotypes 

do not yet appear to have been studied. 

  

2. 9 Summary 

Falling is a frequent occurrence for many people with IPD and this population is more 

vulnerable to injurious falls. Many factors contributing to an increased risk of falling have 

been proposed, of which postural instability is a key one. People with IPD also suffer from 

changes in body composition phenotypes; they are particularly susceptible to decreased 

weight and sarcopenia, and possibly to SO and increased fat mass. Previous studies have 

implied that body composition phenotype may have an effect on postural stability in older 

adults; however, this finding has yet to be investigated in people with IPD. A relationship 

between body composition phenotypes and measures of postural instability, muscle strength 

of lower limbs, and falls has not been reported in IPD. In this thesis the potential for the cause 

of postural instability and muscle weakness being partly due to either SS or SO is explored. 

Thus, the primary aim of this thesis was to investigate the relationship between body 

composition (measured with a DXA scan), postural instability, and strength of lower limb 

muscles in people with IPD. A secondary aim was to compare the number of falls 

experienced, falls related injuries, and physical activity participation in people with IPD with 

those of an age and sex matched control group. 
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CHAPTER 3 MEASUREMENTS 

 

This chapter presents the measurement tools used in the experimental study (Study 2) of this 

thesis and justifies why the measurement tool was chosen, describes the tool, and discusses 

its psychometric properties where relevant. The following measurement tools were used: 

1. To evaluate postural stability: the EquiTest© NeuroCom Smart computerised 

posturography with the Sensory Organisation Test and the Motor Control Test. 

2. To evaluate isokinetic muscle strength around the knee joint: the Biodex System 3 

Dynamometer (Biodex Corp., Shirley, NY). 

3. To measure whole and appendicular body composition phenotypes: the Dual energy X-

ray absorptiometry (DXA; Lunar DPX-L-scanner). 

4. To clinically evaluate postural stability: the Timed Get Up and Go Test with and without 

a concurrent cognitive task, and the Step Test. 

5. To assess fear of falling: the Activity-specific Balance Confidence Scale. 

6. To measure physical activity: the Rapid Assessment Physical Activity questionnaire. 

7. To assess disease status: the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS). 

8. Falls events: self-reported prospective monthly falls diary over six months. 

 

3. 2 Computerised Dynamic Posturography  

3. 2. 1 Introduction 

Computerised Dynamic Posturography (CDP) quantifiably evaluates postural stability [116, 

235-238]. CDP was first described by Nashner in 1982 [236], and the first commercially 

available system became available in 1986. This system, via either a fixed or moving 

computerised force plate, enables the measurement of the force (kinetic) and movement 

direction (kinematic) of a person’s centre of pressure during postural perturbation [239, 240]. 

Electromyography (EMG) can also be used with posturography to measure muscular 

responses during balance perturbations.  

The kinetic measurement quantifies the centre of pressure (COP) movement, shear forces, 

and reactive torque in relation to the force platform, and provides information about body 



28 

 

sway. The CDP is also able to assess the functional contribution of each of the three sensory 

systems that maintain postural balance (vision, somatosensory, vestibular) [241]. One CDP 

tool is the SMART EquiTest® (NeuroCom International, Inc., Oregon, USA). The SMART 

EquiTest® provides different static and dynamic test protocols that measure balance 

performance in undisturbed upright stance, or in disturbed visual and/or mechanical 

perturbations (Figure 3. 1). CTB has been used previously to evaluate postural instability in 

older adults and in those with IPD [242-248]. 

3. 2. 2 The SMART EquiTest© Balance System 

 In this thesis the SMART EquiTest® Balance system version 8.4.0, a commercially available 

CDP system (NeuroCom® International Inc., Clackamas, Oregon, USA), was used as a 

laboratory measure of the sensory system and motor response strategies to maintain postural 

stability [111]. This system comprises a force platform for standing on and is supported by 

software on Microsoft Windows® XP. The force platform contains two movable force plates 

(Advanced Mechanical Technology Inc (AMTI)) of 23 x46 cm. Fixed under the platform are 

four transducers and these measure movement in two planes (X and Z direction). Another 

transducer is located under the connecting pin joint for the two platforms and measures shear 

forces in the Y direction. The platform is able to move in two directions: horizontally 

(translate) and vertically (rotate around ankle). The transducers convert the body’s responses 

from the pressure reactions of the feet into electronic data of force and time [249]. Also part 

of the system is a movable visual surround, which is connected to the servo motor and 

computer (Figure 3.1). 
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Figure 3. 1 EquiTest NeuroCom® Balance System1 

 

There are four main testing protocols in the EquiTest® Balance system version 8.4.0: the 

Sensory Organisation Test (SOT), the Limit of Stability Test (LOS), the Rhythmic Weight 

Shift Test (RWS), and the Motor Control Test (MCT). In this thesis, the SOT and the MCT 

were selected. The SOT, by testing the individual standing under six different conditions 

(described later) provides an equilibrium score which is an overall evaluation and 

interpretation of the three sensory systems which contribute to postural control. The MCT 

                                                 

1
Authorisations to use personal photographs (Agreement for Talent Release) 
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calculates time elapse (latency composite score) for automatic and voluntary postural 

responses to postural perturbation. 

3. 2. 3 Psychometric properties of Computerised Dynamic Posturography 

CDP has been used extensively in research in older adults and in IPD [8, 14, 244, 250-260]. 

Considerable normative data across a wide range of ages are currently available for the 

EquiTest® [261].  

CDP measures of dynamic postural control have been shown to be reliable predictors of 

performance across all tasks of activities of daily living [262]. The NeuroCom EquiTest® is 

able to detect small differences in the biomechanics of postural control between young and 

older healthy adult groups [110, 111, 248, 263-266]. The test retest reliability of the SOT 

depends on the number of trials and on the conditions of the SOT. One study reported that the 

intraclass correlation coefficient (ICC) ranged from 0.15 for condition 3 to .70 for condition 5 

in the first trial in healthy older adults living in the community [267]. However, the range of 

three repeated trials was .26 for condition 3, .68 for condition 5, and 0.64 for condition 6 [267]. 

In another study, the equilibrium score of the SOT during rhythmic weight shift had moderate 

to high reliability (ICC=.78 to .91), and the effect size of the equilibrium score was reported to 

be moderate (.63) [268, 269]. Computerised dynamic posturography has been validated in 

older adults to determine the three sensory systems (somatosensory, visual, and vestibular) and 

sensory-motor integrity for postural and balance control [270] and an excellent test-retest 

reliability (Pearson r=.98) of the SOT composite score reported [271]. The equilibrium 

composite score has been moderately correlated (r=0.55; p<.01) with the Functional Reach 

Test in older adults (22 men and 24 women), divided into two age groups 65-75(45%) and 76-

83 (46%) years) living in the community [246]. A study showed that the equilibrium score was 

associated with recurrent falls in 100 patients with IPD with vestibular output deficit [272]. 

3. 2. 4 Sensory Organisation Test 

The SOT is considered to be the gold standard test for investigating sensory information in 

relation to balance [273], as it quantifies the contribution, dysfunction, and interrelationship 

of the three sensory systems (visual, vestibular, and somatosensory) that the body uses to 

maintain balance [238, 274]. It assesses the ability of the tested person to effectively use the 

three sensory inputs together or separately under six different test conditions (Table 3. 1 & 3. 
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2). The six conditions of the SOT test (Figure 3. 2 and Table 3. 2) are performed by standing 

on the movable platform for 20s either with eyes open or eyes closed or with the visual 

surround moving or not. During testing both the standing platform and the visual surround 

can tilt in response to the degree of the participant’s sway. If the participant’s COP moves 

one degree in an anterior direction then the platform or the surround tilts one degree in the 

same direction (Figure 3. 2, B). During testing each one of the six sensory conditions is 

repeated three times and an average score generated for each condition [110, 111, 265, 275]. 

The system then compares the test results with available normative data [276]. The 

posturographic limit of stability is determined by the height and size of the base of the 

support for each tested individual. It is calculated as the angle (8.5o anteriorly and 4.0o 

posteriorly) at which the individual can lean in any direction before their centre of gravity 

moves beyond the person’s limits of stability [111, 277-279]. 

Table 3. 1 Sensory organisation test environment2 

Condition  Environment        Expected system response 

 Vision Surface Disadvantage Uses 

1 stable (EO) stable intact all SS SOM 

2 stable (EC) stable vision SOM 

3 unstable stable vision SOM 

4 stable (EC) unstable SOM vision 

5 absent (EC) unstable SOM+VIS vestibular 

6 unstable unstable SOM+VIS vestibular 

EO: eyes open; EC: eyes closed; SS: sensory system; SOM: somatosensory; VIS: visual.  

 

 

                                                 

2 Original illustration reproduced with permission from the Natus medicals Inc. 2014 
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Table 3. 2 Sensory organisation test (EquiTest®) six conditions and sensory cues3 

Condition 

name 

Situation Available cues Unavailable/altered 

sensory cues 

Condition 1 Eye open, fixed su3pport Visual, vestibular, 

somatosensory 

 Nil 

Condition 2 Eye closed, fixed support Vestibular, 

somatosensory 

No vision 

Condition 3 Sway referenced surround, 

fixed support 

Vestibular, 

somatosensory 

Altered vision 

Condition 4 Eyes open, sway referenced 

support 

Vision, vestibular Somatosensory altered 

Condition 5 Eyes closed, sway referenced 

support 

Vestibular No vision, somatosensory 

altered   

Condition 6 Sway referenced surround, 

sway referenced support   

Vestibular Vision altered, 

somatosensory altered   

 

3. 2. 4. 1 Equilibrium score 

The equilibrium score (ES) is a non-dimensional measurement of the stability of each SOT 

condition given as a percentage and is a quantitative indication of how well a participant 

remains within the defined stability limits during each trial [248]. The ES is the difference 

between the participant’s greatest anterior/posterior centre of gravity (COG) sway angle 

(ʘmax) and the lowest anterior/posterior COG sway angle (ʘmin) relative to the defined 

stability limits. The COG moves toward zero if it approaches the stability limits, and is an 

indication of losing balance. The COG is recorded as positive if it is anterior to or to the right 

                                                 

3 Original illustration reproduced with permission from the Natus medicals Inc. 2014 
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of the COP and it is recorded as negative if it is posterior or to the left of the COP [116, 237, 

280].  

Clinically normal ES values are judged by calculating the lowest fifth percentile for each 

condition and age group [276]. This was established because the distribution of equilibrium 

scores are skewed towards the highest value. The normal limit of sensory analysis ratio is 

considered at ±1.67 standard deviations (SD) from the normal population mean [276, 281]. 

For those who have sustained vestibular and balance disorders and reported falls within six 

months, a score of  38 is considered a cut-off score to differentiate those who reported no 

falls (non fallers) and those who reported two or more falls (recurrent fallers) [272]. 

3. 2. 4. 2 Composite score 

The composite score is the overall level of achievement on performance of all six conditions 

of the SOT, and is the weighted average of 14 ES across the six conditions and calculated as 

follows: average of condition 1, average of condition 2, 3 trials of condition 3, 3 trials of 

condition 4, 3 trials of condition 5 and 3 trials of condition 6. A smaller degree of sway 

produces a higher composite score, and thus is indicative of better control of postural 

stability. A score of 100 represents no sway, while zero indicates sway that exceeds the 

stability limits [281] (Figure 3. 2, A & B). 

3. 2. 4. 3 Strategy score 

The SOT can also quantify the movements at the ankle (ankle strategy) and at the hip (hip 

strategy) during the six test conditions to give a strategy score. This score is calculated from 

the horizontal shear forces of the feet to maintain balance during the six conditions, relative 

to the amount of body sway [282]. If the individual uses only ankle strategy to maintain 

balance, a high score, towards 100, indicates stability, whilst the utility of the hip strategy 

yields a score of near zero, indicating poor stability [276] (Figure 3. 2, C & D). 
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  A. Equilibrium composite score (SOT)       C. Strategy composite score(SOT) 

  

 B.  Plateform movement in SOT               D. Ankle and hip strategy score (SOT) 

  

Figure 3. 2 The equilibrium composite score and the strategy composite score in the 

Sensory Organisation Test4 

3. 2. 4. 4 Sensory interpretation  

In a static standing condition, somatosensory input accounts for about 70% of a person’s 

stability; the vestibular and visual sensory inputs account for 20% and 10% of the stability, 

respectively. In an unstable condition, such as when standing on a movable platform, the 

vestibular system is relied on more, accounting for 60% of sensory input use, while visual 

and somatic inputs account for 30% and 10% of sensory use respectively, a condition called 

                                                 

4 Original illustration reproduced with permission from the Natus Medical Inc. (2014) 
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sensory reweighting [283, 284]. Sensory balance problems can be identified by the relative 

differences among the six sensory conditions. The somatosensory (SOM) and/or visual (VIS) 

inputs are distorted by the sway-reference moveable platform or surround. Condition I (eyes 

open) and 2 (eyes closed) tests the SOM system for maintaining balance as it eliminates 

visual input, which is usually the dominant input for controlling balance during stance in a 

fixed support surface [281, 285]. A low ratio indicates dysfunction of SOM input. During 

condition 3 (sway-reference visual surround) a false visual input is provided, while condition 

4 is the opposite of condition 3 (sway-reference support surface). A moving support reference 

eliminates the SOM (sway support reference) input. In condition 5 the eyes are closed (false 

SOM) leaving only the vestibular input for testing. Therefore, the last two conditions 

(conditions 5 and 6) provide information on the quality of vestibular function by either 

removing or providing false visual and somato-sensory (sway reference support) inputs 

(Figure 3. 2, A and Table 3. 3). 

 

Figure 3. 3 Conditions of Sensory Organisation Test5 

 

                                                 

5 Original illustration reproduced with permission from the Natus Medical Inc. (2014) 
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Table 3. 3 Interpretation of Somatosensory conditions6                  

 

3. 2. 5 Motor Control Test 

The Motor Control Test (MCT) evaluates the individual’s automatic ability to react to a 

horizontal unexpected displacement of the force platform the individual is standing on [283]. 

The speed of a participant’s automatic reactions to the displacement is measured. The MCT 

has two main movements: a backward and forward movement of constant velocity scaled to 

the participant’s height. Each direction of movement occurs at three different and randomised 

trials of excursions at three amplitudes: a small (threshold; 2.8º/s), medium (intermediate; 

6.0º/s, 1.8° sway) and large (saturating; 8º/s, 3.2° sway) translational movement (Figure 3.4 

and Table 3.4). The latency is the time between the onset of translation and the onset of the 

individual active response. The latency composite score is averaged for both right and left 

legs, and for forward and backward translational directions [286]. Abnormal (prolonged) 

                                                 

6 Original illustration reproduced with permission from the Natus Medical Inc. (2014) 

 

Type of sensory cue Sensory condition Interpretation 

Somoto-sensory system Condition 2 

Condition 1 

Patient’s ability to use input from the 

somatosensory system to maintain 

balance. 

Visual system Condition 4 

Condition 1 

Patient’s ability to use input from the 

visual system to maintain balance. 

Vestibular system Condition 5 

Condition 1 

Patient’s ability to use input from the 

vestibular system to maintain balance. 

Peripheral system Condition 3+6 

Condition2+5 

Degree of reliance on visual 

information for balance, even when the 

information is incorrect. 
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latency is considered to be two standard deviations slower than the normative data collected 

for this test. In addition to time latency of response measurement in milliseconds, the MCT 

also measures the amplitude of the strength of response, the symmetry of leg response under 

each foot, and symmetry of weight bearing and responses to any perturbation [116, 278, 287]. 

Table 3. 4 Forward and backward translational movements of force platform in MCT 7 

Amplitude Type Degree Platform 

movement 

Automatic postural 

response 

Small Threshold 2.8º/s 1.25cm/250ms No active response 

Intermediate Mid-range 6.0º/s 3.15cm/300ms Active response 

Large Saturated 8.0º/s 5.7cm//400ms Maximum response 

º/s: degree/ second; ms=millisecond. MCT=motor control test 

In this thesis the motor response latency to the intermediate and large translation of the MCT 

was measured (Figure 3.4). The small (2.8°/s) translation records (not shown in Figure 3. 4) 

were omitted because they are often considered inconclusive due to the small amplitude of 

the movement that is not within the threshold intensity of perturbation required to stimulate 

automatic postural responses [276]. In addition, muscle responses at the ankle are rarely 

noticeable for the small translation perturbations [115]. 

Also in this thesis, the composite score of equilibrium and the strategy score of the SOT and 

the latency in the MCT in EquiTest NeuroCom® Balance System were used to assess postural 

stability and latency of postural response to recover stability. 

 

 

 

                                                 

7 Original illustration reproduced with permission from the Natus Medical Inc. (2014) 
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A: Time latency of motor response during large translation of motor control 

test.               1. Forward movement;              2. Backward movement 

      

B: Motor Control Test: latency composite score (millisecond) 

              Backward translation                                    Forward translation 

 

             Right                        Left                                           Right                      Left                                   

M: medium latency; L: large latency; numbers inside each bar represents 

confidence index of reliability of latency measure. 

Figure 3. 4 Motor Control Test (MCT) A: translational movement in MCT; B: scoring 

of latency of responses to the translational movement of the force plate8  

                                                 

8 Original illustration reproduced with permission from the Natus Medical Inc. (2014) 
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3. 3 Isokinetic Muscle Test (Biodex system 3 Dynamometer) 

The computerised isokinetic, Biodex© system 3 dynamometer (Biodex Corp., Shirley, NY) 

measures isokinetic (fixed speed with accommodating resistance), isometric (no joint 

movement with variable resistance) and isotonic (variable speed with fixed resistance) 

muscle strength under different angles of movement and speed systematically[288]. This 

machine is able to identify the degree of torque production (angular force) within different 

joint ranges of movement (ROM) [289]. The isokinetic dynamometer is currently considered 

the gold standard for investigating dynamic muscle strength [290, 291].  

The isokinetic dynamometer (Figure 3. 5) can provide a number of outputs. It can measure 

the greatest muscular torque generated (muscle capacity to produce force) relative to the 

individual’s weight, at any angle and at any moment (time to peak torque) as well as the total 

work done (total force throughout range) and average power (total work/time) [291]. It can 

compare values from both sides to that of an absolute value. It is able to compare the amount 

of variation in repetitive tests (coefficient of variance), provide a measure of work rate 

intensity and the rate of tension (the up slope of a torque curve) developed during muscle 

contraction. Deficits should be interpreted relative to the normal difference between the 

dominant and non-dominant extremity; a 10% difference is usually considered non-

significant [292]. 

The reliability and validity of isokinetic muscles testing has been tested in variable conditions 

and with different joints, including the knee joints [293-295]. The reliability of isokinetic 

concentric and eccentric knee extensor strength of the Biodex System on asymptomatic 

young individuals (mean age, 21 years) was demonstrated to be high for both peak torque and 

work (intraclass coefficient (ICC) >.90, SEM range between 5% and 10% of the initial values 

for both peak torque and work) [296]. Its reliability in healthy participants, mean (SD) aged 

21.91 (2.2) years was shown to be reliable for concentric quadriceps and hamstring muscles 

at 60º/s (r=.88-.97) and at 60º and 180º/s (r=.82-.96) [297]. For people having had a stroke 

and those with multiple sclerosis, the test-retest reliability of knee extension was high (ICC = 

.86-.99; ICC=.99, respectively) [298-300]. Its reliability and validity has not been established 

yet for people with IPD; however, as shown above, its reliability is well established in other 

population groups. 
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Figure 3. 5 Biodex© system 3 Dynamometry9 

 

Based on the literature regarding muscle strength and IPD, reviewed in the previous chapter, 

for this thesis, the strength of the knee musculature (quadriceps and hamstring muscle 

groups) speeds of 60°/s and 120°/s were selected to be evaluated using concentric isokinetic 

muscle strength tests. The muscle strength test was conducted using the Biodex system 3 

dynamometer (Biodex Corp., Shirley, NY) shown in Figure 3. 5. Further, because people 

with IPD appear to have reduced muscle power [24] and they frequently have bradykinesia 

and fatigue [25, 177], the study investigated muscle power with velocity-dependent muscle 

tests, determining time to peak torque at speeds of 60°/s and 90°/s..  

 

                                                 

9 Used with permission of participant by signed agreement for talent release 
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3. 4 Dual-Energy X ray Absorptiometry  

The previous chapter discussed the use of DXA to measure body composition phenotypes in 

detail. In this section the technique is briefly described. 

DXA is a non-invasive technique, considered as the gold standard among methods of 

measuring soft tissue mass, which provides a three-compartment body composition 

phenotype model of body contents [301]. The DXA method is the most common technique 

used for measuring body composition phenotypes in public health, nutrition, sport, and 

chronic disease research [194, 302, 303]. In this study, the Lunar DXP-L was used to 

measure body composition phenotypes. (Figure 3. 6). 

This method provides an accurate and precise estimation of bone mineral content (BMC), 

bone mineral density (BMD) [304], lean mass, and fat percentage [189]. It is quick 

(approximately 10-20 minutes), safe, and requires no effort and little participation and 

compliance from the individual being tested, and thus is considered suitable for people with 

IPD, particularly if they have tremor or the presence of dyskinesia. DXA is non-invasive with 

a low risk of radiation (0.05-1.5mrem), which is about 10-20 % of exposure to radiation 

during a conventional chest x-ray [305, 306].  

DXA uses an x-ray tube to emit two energy levels of photons through the body. Scanning 

depends on the attenuation of x ray energy when it passes through different tissue and this 

depends on the thickness, density, and chemical composition of the tissues. The photons are 

measured and analysed by a computerised detector and automatically quantify body masses 

according to the manufacturer’s software. The device is usually calibrated daily according to 

the manufacturer‘s standard procedure [306, 307]. Although the accuracy of differentiation of 

fat mass (FM) and fat-free mass (FFM) is under debate, the DXA scanner is able to divide 

body contents into bone and soft tissue mass.  

In this thesis, based on the reviewed literature, the DXA scan was used (Figure 3. 6) to 

measure the body composition and classify body composition phenotypes (described in the 

previous chapter) and to determine whole body phenotype and regional body composition 

phenotypes by standard methods [308]. The cut-off scores proposed by Baumgartner et. al. 

[189] were used. Although the bioelectric impedance technique is an alternative method to 

DXA to measure body composition phenotypes with the advantage of being inexpensive and 
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portable, it was not used in this study as its measurements are considered less reliable [309, 

310]. 

A. DXA scanner B. DXA bone images 

  

Figure 3. 6, A: the Lunar DXP-L dual energy x ray absorptiometry scanner; B: images 

of bone and body composition phenotypes10 

 

3. 5 Timed Up and Go Test                                                                                                                                                                                                         

The timed Up and Go (TUG) test is a clinical test designed initially to investigate mobility 

and balance in the older adult population living in the community [311]. It is considered a 

specific and sensitive measure to determine the cabability of older adults [312]. The test is 

easy and quick to complete [272, 312]. It involves a single investigator who does not require 

training. To perform the test, a chair and a seat height of approximately 46cm and arm height 

of 65cm; a 3m walkway; and a stopwatch are required. The test is a measure of the time 

(seconds) taken for a participant to stand up from sitting in the standard arm chair, walk 3m, 

turn, walk back to the chair, and sit down. The person wears regular footwear and can use a 

customary walking aid. A score of less than 10 seconds is considered normal and according 

to the literature older adults living in the community, aged 65-84 years, executed the test in 

                                                 

10 Used with permission of participant by signed agreement for talent release  
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less than 20 seconds without assistance [313] whereas in the study by Podsiadlo et. al frail 

older adults took up to 240 seconds to complete the test [311].  

A cut-off score of 13.5 seconds or more has been shown to predict falls in frail older adults 

living in the community [314]. Patients who perform the task in more than 20 seconds usually 

have more severe gait impairment.  Scores of equal to or more than 30 seconds correspond 

with functional dependence in people with a medical condition [311]. A meta analysis of 21 

studies of older adults investigating TUG test times was conducted by Bohannon et. al. [315]. 

The mean (95% CI) for different age bands were as follow: 8.1 (7.1-9.0) seconds for 60 to 69 

year olds, 9.2 (8.2-10.2) seconds for 70 to 79 years, and 11.3 (10.0-12.7) seconds for 80 to 99 

years. The mean (95%CI) for the three groups was 9.4 (9.8-9.9) seconds [315]. In patients 

with  IPD, the mean (SD) value for 5 trials was 17.18 (7.3), range= 9.97-28.88) [312]. These 

authors reported that the TUG test results in the both “on” and “off” medication state were 

correlated with the severity rating score used (Webster Scale) [312]. 

The TUG test results were found to be affected by cognitive state. Older adults with cognitive 

deficits can find it difficult to do the test or become slower in performing the test when a 

cognitive or manual task is added to the test [314]. Therefore, investigators can implement 

the test alone (TUG) or simultaneously perform it with another (secondary or dual) task 

which can be cognitive (TUGCognitive) or motor/ manual (TUGmanual) in nature, in order to 

investigate the impact of cognition on mobility and balance in those with early changes in 

cognitive function. The TUGCognitive secondary task is performed either under a simple (low 

cognitive task) or under a high (complex) cognitive task. The TUG High (TUGH) test asks 

participants to name the days of the week backwards or count backwards a randomly selected 

number between 20 and 100 (arithmetic task) and has been used in previous studies to test 

older adults [117] and in people with IPD [316]. 

In older adults, inter-rater and intra-rater reliability of the TUG test has been reported to be 

excellent (ICC=0.95 to 0.99) [117, 311, 317, 318]. Rockwood et. al. reported a more 

moderate level of inter-rater reliability (ICC=0.56) in older adults [314]; however, this result 

may have been influenced by the variable periods and environments the test-retest method 

was used in [319]. The TUG test has been validated with the Berg Balance Test (r=.76), the 

Tinetti Gait and Balance Test (r=.74), gait speed (r= -0.61), and the Barthel Index (r=-.78) 
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[104, 311, 318]. The sensitivity and specificity measure of the TUG test for detecting risk of 

falls in older adults was reported to be 87% and 87%, respectively [117].  

The inter-rater reliability of the TUG test within a battery of new rating scales specifically 

designed to evaluate gait impairment in people with IPD was reported to be very satisfactory 

(r=.81; steps/seconds= .70; both, p < .001) [320]. A controlled trial on the validity of the test 

was also investigated by Morris et. al. [312] who showed that the retest and inter-rater 

reliability of the TUG measurement (within-session) was highly consistant during both the L-

Dopa “off” state, (r=.80-.98) and the “on” state (r=.73-.99). The mean TUG score of the 

measurement was, however, affected according to the L-Dopa “on” and “off” cycle. The intra 

class coefficient was reported to be high (ICC=.87- .99) for retest and inter-rater reliability. 

The comparison of participants across the trials was also highly consistent (r=.90-.97). The 

test was found to differentiate the results of performances between participants with IPD and 

older adults without IPD [312]. 

In contrast to the findings of Morris et. al. a test-retest reliability study with nine patients with 

IPD of Hoehn and Yahr  stages between III and IV found that participants had significantly 

greater time differences (mean difference = 7.9, 95% CI=3.6-12.2, p< .001) in completing the 

TUG during the “off” state than the “on” state of therapy [321]. This difference may be 

explained by the small sample size, which could have affected the study power. Another test-

retest reliability study on 26 participants with IPD, who were tested over 7 days, reported 

a moderate to high intra class coefficient (.74 - .88) and and inter-observer reliability (.64 - 

.87, 95% CI=2 seconds) [322]. The minimal detectable change for the TUG test for people 

with IPD has been reported to be 4.85 seconds [323]. 

Overall, the TUG test appears a reliable and valid test to use in people with IPD and older 

adults. It is easy and quick to use and has excellent inter-rater reliability and intra-rater 

reliability. In this thesis, the basic TUG test (TUG B) and the cognitive TUG test (TUG H - 

by naming the days of the week backwards) were utilised as a clinical measure of postural 

stability. 

 



45 

 

3. 6 Step Test 

The Step Test is a quick and cost effective clinical test of postural stability. In this test a self-

initiated perturbation is created by a forward stepping movement up onto a step [319, 324, 

325]. In the Step Test, the participant is asked to stand 5 cm in front of a block (7.5cm high, 

41cm wide, 30cm deep) and the number of times they can place their foot on and off the step 

in 15 seconds is counted. The test is then repeated with the other foot. It was first described 

by Hill et. al. for older adults living in the community and for people who had had a stroke 

[324, 326].  

The Step Test in 14 community dwelling older adults was found to have excellent intra-rater 

reliability (ICC>.90), and the correlation was reported to be good with gait velocity (r=.82), 

the Functional Reach Test (r=.68-73), and stride length (r=0.83) [319, 324]. The Step Test 

has also been found to be reliable when used with 21 individuals who had had a stroke 

(ICC>.88), although the participants with stroke performed the test significantly more poorly 

than the non-disabled older adult control group (p<.001) [324]. A more recent study reported 

a high intra-rater reliability (ICC=.98) and inter-rater reliability (ICC=.99) of the Step Test 

with participants who had had a stroke [327]. 

Smithson et. al. (1998) conducted a study on the Step Test performance in two groups of 

people with IPD (fallers=10; non-fallers=10) and 10 healthy age-matched control participants 

and found the test to be sensitive in discriminating between the three groups. Test-retest 

reliability was reported to be good for the IPD-fallers (ICC=.71-0.93), the IPD non-fallers 

(ICC=.73-.86) and the comparison group (ICC=.77-.89). For the between group differences 

of performance, the 2-factor repeated measurement ANOVA found a significant effect for 

both right and left (p=.02) Step Test [325].  

In this thesis, the Step Test was used as a clinical measure of postural stability. 

 

3. 7 Activity-specific Balance Confidence Scale  

The Activities-specific Balance Confidence (ABC) Scale is a questionnaire which determines 

the confidence of older adults living in the community to perform usual daily activities, 

without losing balance [328]. The questionnaire can be completed as a self-report, via 
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interview by telephone or via face-to-face interview. The ABC Scale was developed from the 

Falls Efficacy Scale (FES) [329], the latter scale mainly focused on indoor daily activities, 

whereas the ABC Scale included outdoor activities and thus comprises 16 items instead of the 

10 items of the FES [330]. Both FES and ABC scales are derived from Bandura’s theory of 

self-efficacy, a perception of a person’s capability or self-confidence within a particular 

domain of activities [331, 332].  

In completing the scale, participants are asked to rate their confidence in maintaining balance 

whilst performing a movement from 0-100%. The mean score across the 16 items is 

calculated, with a higher score reflecting greater balance confidence. An ABC score of less 

than 50% indicates a low level of physical functioning, characteristic of rest home residents, 

while scores of between 50% and 80% indicate an intermediate degree of functioning, such 

as for elders living in rest homes or persons with long term conditions. An ABC score above 

80% reflects a high level of physical function. Older healthy adults score between 90 and 

100% [333]. Recently cut-off scores of below 75.8% for low confidence and above 90.9% for 

high balance confidence have been recommended [334]. 

To differentiate fallers from non-fallers in an older adult population living in the community, 

the sensitivity of the ABC was reported to be 84% and the specificity was 87%, with a cut-off 

score of 67% [335]. Lower ABC scores have been found to be significantly associated with 

lower levels of mobility [328] and with falls [335]. Studies investigating the reliability of the 

ABC Scale in older adults found the internal consistency (Cronbach’s alpha) ranged between 

.80 to .98 and the test retest reliability (ICC) ranged between .70 and .92 [328, 336, 337]. 

The ABC scale can differentiate between older people who avoid physical activity in daily 

living because of a fear of falling from those who do not avoid performing physical activity 

[338]. The lower ABC scores are associated with decreased mobility and falls [328]. A higher 

ABC score was associated with a lower risk for basic activity of daily living (RR=.99; 95% 

CI= 0.98–0.99) and instrumental activity of daily living disability (.99; 95% CI=.98–.99) in 

159 older adults aged over 60 years [339]. The ABC Scale correlated significantly with a 

range of balance and mobility scores in samples of older people with mild balance 

impairments [335]. The ABC scale was reported to be sensitive to change following balance 

exercise programmes in older adults living in institutions and in those who underwent joint 

replacements in knees and hips [333]. 
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The ABC Scale has been used in people with IPD. The sensitivity of the ABC Scale to detect 

loss of confidence in balance in people with IPD was moderate (58%) [340]. A study using a 

Chinese version of the ABC Scale in people with IPD, aged between 40 to 85 years, found 

the ABC score (F=18.84, P<.001) was a significant predictor of recurrent falls and people 

with IPD with a score of below 69 had a significantly higher risk of sustaining recurrent falls 

over a 12 months period [162]. The test-retest reliability of the ABC scale in people with IPD 

was reported to be excellent (ICC=.90) and a 13% change in score was suggested to reflect a 

minimal detectable change [337].  

The ABC Scale was used in this study to evaluate fear of falling. 

 

3. 8 Rapid Assessment Physical Activity 

Rapid Assessment of Physical Activity (RAPA) is a short form self-report questionnaire to 

evaluate the level of physical activity of older adults aged 50 years or older. It was 

specifically developed to be easily scored and quickly administered in clinical practice 

settings. The RAPA items were based on the Center for Disease Control and Prevention 

(CDC) guidelines for physical activity of 30 minutes or more of moderate physical activity 

every day or most week days, but also include additional questions to assess strength and 

flexibility exercise participation. Therefore, the RAPA can evaluate a wide range of physical 

activity levels, from sedentary to vigorous activity, as well as strength and flexibility training 

[341-343].  

The RAPA comprises nine items, seven of them (RAPA1) cover levels and intensity of 

physical activity, while the last two items (RAPA2) assess strength and flexibility activity. It 

provides simple instructions and illustrations by figures and text in each category to 

demonstrate types and levels of physical activity in real life; the individual chooses one of the 

three levels (light, moderate, and vigorous). The first seven items score from 1 to 7 which 

represent (RAPA 1) 1= sedentary, 2= underactive, 3= regular underactive (light activities), 4= 

regular underactive, 5= regular active. The response to the last 2 items is participation in 

strengthening activities = 1 and flexibility activities =2 or both=3.  
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The RAPA was found to be a reliable and valid tool for older adults living in the community. 

It was compared with Patient-centre Assessment and Counselling for Exercise (PRFSS) 

(which is used for population-level monitoring of physical activity among adults in the 

Centre for Disease Control and Prevention) [343], the Behavioural Risk Factor Survey 

System (PACE) (which measures level and stage of readiness to be involved in physical 

activity currently used in a clinical setting) [344], and the Criterion measure community 

Health Activities Model Program for Seniors (CHAMPS). The RAPA was found to be more 

positively correlated with the CHAMPS (r=0.54) than the PRFSS (r=.40) or the PACE 

(r=.44). It showed better sensitivity (81%), positive predictive value (77%) and negative 

predictive value (75) than the other questionnaires [342]. 

Although the RAPA has not been validated for people with IPD it was chosen for use in this 

thesis as it is quick and easy for participants to complete, because it was validated and 

commonly used in older adults. Further, at the time of finalising outcome measures for use in 

this study, no IPD-specific physical activity questionnaire be found in the literature. 

 

3. 9 Unified Parkinson’s Disease Rating Scale 

The Unified Parkinson’s Disease Rating Scale (UPDRS) is a clinometric tool used for 

measuring severity of Parkinsonian symptoms, and assessing and documenting the condition 

of patients with IPD. It also evaluates and follows up any deterioration or improvement of 

IPD signs and symptoms over time. The UPDRS is the scale most used in research with 

people with IPD for assessing impairment and disability [345]. For example, between 1994-

1998, 69% of Parkinson’s disease studies used the UPDRS [346]. 

The scale comprises a motor examination by a trained assessor and an interview-based report 

(over the past week) of mental functioning and activities (motor and non-motor experience of 

daily living). The relatively long time required to administer the UPDRS scale can be 

shortened by allowing the patient and/ or care giver to answer the questionnaire. The UPDRS 

still needs to be validated in racial and ethnic groups other than Caucasians, and the impact of 

sex and age on rating requires investigation [347]. 

In 2007, the Movement Disorders Society (MDS) published a revision of the UPDRS, known 

as the MDS-UPDRS. The modified UPDRS has the same structure as the original, but with 
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some re-arrangement of some subscales as follows: (1) non-motor experiences of daily living 

(13 items), (2) motor experiences of daily living (13 items), (3) motor examination (18 

items), and (4) motor complications (6 items). Each subscale is scored from 0 to 4, where 

0=normal, 1=slight, 2=mild, 3=moderate, and 4=severe [348]. Therefore, the MDS-UPDRS 

comprises four sections, includes 65 questionnaires and examinations to be rated or answered 

and can be completed within 30 minutes. It does not allow half points or missing data; if a 

participant or caregiver cannot answer any question, the investigator is instructed to write 

‘unable to rate’. 

Part one of MDS-UPDRS has two divisions, IA (complex behaviour) that comprises six items 

completed by the investigator using pertinent information from the patient with IPD and/or 

their caregiver; and IB which comprises seven items completed independently of the 

investigator by the patient with or without the assistance of their partner or caregiver. The 1B 

division along with the Part II of the questionnaire forms 20 items which asks about life 

experiences. Part II is similar to part IB in that the participant with IPD completes it, 

independent to the investigator. Part III covers the motor examination completed by the 

investigator. The last section (Part IV: motor complications) integrates participant 

information with clinical observations about dyskinesia and motor fluctuations, which 

includes the “off” state of dystonia. The MDS-UPDRS includes the Hoehn and Yahr staging 

of the disease and the impact of dyskinesia on motor function [349, 350]. 

The UPDRS has been shown to be sensitive to change in clinical conditions. Its test-retest 

reliability is good to excellent with ICCs as follows: total score, .92; mental, .74; ADL, .85; 

and motor, .90. The ICCs for derived subscales items ranges from .69-.88. Reliability of 

individual items was generally lower than for total parts scales. Reliability was slightly better 

if the retest was done within 14 days [351-354]. The internal consistency was high 

(Cronbach’s alpha=.79-.93 across parts) and was correlated with the previous version (p=.96 

(comparative fit index) ˃.90) [347]. Although many factors make it difficult to establish the 

minimum clinically relevant difference for the UPDRS, such as daily variability of 

manifestations, physician differences, and patient self-assessment [354], the clinometric 

results for the new version (MDS-UPDRS) supported its validity and use [355].  

The MDS-UPDRS was used in this thesis to clinically describe and categorise participants 

with IPD participating in Study 2. 
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3. 10 Self-reported Prospective Falls for Six Months 

In Study 2 of this thesis, falls were monitored prospectively and continuously for six months 

using fall calendars, which were collected monthly by the research team. This is the preferred 

method of collecting fall data used by the Prevention of Falls Network Europe (PRoFaNE), a 

worldwide network established in Europe by the European Commission to support projects 

researching the reduction of falls and the consequences of falls in older adults [133]. The aim 

of the PRoFaNE is to prevent falls and postural instability in older adults [133]. Follow-up 

telephone or face-to-face interviews are recommended to collect or remedy missing data and 

to collect details of any falls that have occurred and their consequences. 

 

The next chapter describes a systematic review, Study 1 of this thesis, which explored the 

factors contributing to, or associated with postural instability in people with IPD. 
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CHAPTER 4 SYSTEMATIC REVIEW 

 

This chapter reports on a systematic review conducted to investigate more comprehensively 

the contributing factors for postural instability in patients with idiopathic Parkinson’s disease. 

 

4. 1 Introduction                                                                                                                                                                              

Idiopathic Parkinson’s disease (IPD) is a multi-system, neurodegenerative disease [48, 61] 

and its prevalence increases with age [48]. Postural instability is a major sign of IPD and is 

implicated with falling [43]. Postural instability is defined as the ability of the individual to 

maintain balance whilst in static postures such as standing or during dynamic activities such 

as walking, and it has a major impact on quality of life, independence, and community 

participation [356]. Although medical and surgical treatment can improve some of the signs 

of IPD [247], they do not consistently improve postural instability and can in fact be causes 

of further instability in themselves [98, 357]. For example, Levodopa (L-Dopa) induced 

dyskinesia in the advanced stages of IPD reportedly caused falls and injuries [12]. 

 

Studies investigating factors contributing to or associated with postural instability in IPD are 

numerous and diverse. These factors are often linked to the later stages of the disease [145], 

although postural instability can also be present in the early stages [126, 358]. Factors 

reported to contribute to or be associated with postural instability include deficits in 

anticipatory and reactive responses to perturbations [6, 107, 255, 256, 260, 359-362], 

impaired vestibular sensory input [363], and sensory-motor integration [5, 18, 252, 364, 365], 

impaired kinesthesia in the axial muscles [366] during active postural stability control, 

rigidity and stiffness [9, 367], latency of polysynaptic spinal stretch reflexes [10], and 

impaired cognition [17, 251]. It would appear therefore, that the postural instability seen in 

IPD may be of complex aetiology [18, 368, 369]. Although there are narrative reviews 

exploring the reasons for postural instability in IPD [7, 98, 362, 369-371], to my knowledge, 

no systematic or critical review of studies investigating factors contributing to or associated 

with postural instability has been published. This systematic review asked the question: What 

are the factors contributing to or impacting on postural instability in IPD and what is the 

strength of evidence for these factors?  
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4. 2 Methods  

4. 2. 1 Data Source and Search Strategy 

A search was performed (Figure 4.1) of the following databases from their inception until 

January 2014: AMED, EMBASE, Medline (including pending Medline), PEDro, Scopus, 

CINAHL, PubMed, Web of Science, The Cochrane Library, and ProQuest. It was assumed 

that a search involving a relatively large number of databases would enable the researcher to 

capture all key published studies relevant to the subject. The search strategy included a 

combination of the following key search terms: ‘Parkinson’s disease’ or ‘Idiopathic 

Parkinson’s disease’ ‘AND’ (the Boolean operator) ‘fall’, ‘balance’, or ‘posture’ and related 

terms. Search words were truncated where possible (e.g. ‘balance$’ to include all terms 

related to balance). The search was limited to human studies and no language limitation was 

applied. Reviews, expert and extrapolated opinions, books and book chapters, academic 

dissertations, and proceedings of conferences and scientific meetings were excluded. 

4. 2. 2 Study Selection  

The following inclusion criteria were used: (1) study participants were diagnosed with IPD, 

(2) the study included a measure of postural instability or balance and resulting data (even if 

postural instability/balance was a secondary outcome), and (3) the study investigated at least 

one factor contributing to/impacting on postural instability. Postural instability was defined 

as “the impairment in balance that compromises the ability to maintain or change posture 

such as standing and walking” [356 p. 97]. Included study designs were experimental 

(randomised controlled trials (RCTs) and non-RCTs) and observational (cross sectional, case 

control, cohort) studies. Excluded were case studies and studies that investigated the effect of 

surgical interventions, drug therapy, the effects of co-morbidities, or external factors causing 

postural instability, for example, environmental obstacles. Studies which reported only on 

factors predicting falls, on gait parameters, or those investigating the development of balance 

outcome measurements or assessment tools and/or their psychometric properties were also 

excluded.  

4. 2. 3 Procedure  

Two authors independently undertook the search of the databases by title and abstract (the 

researchers AKD and LH). If criteria for inclusion were unclear from the abstract, the full 
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text was reviewed. The search selection was then compared. If there was no agreement on 

inclusion, the full article was examined and discussed, and if consensus could still not be 

reached, a third author (MS) was consulted and a decision made. Each included study was 

then independently assessed for quality by two authors (AD and either LH, DW or MS). The 

reference lists of included studies to identify articles not initially found in the searched 

databases were also searched. From the selected studies the following information was 

extracted and tabulated: study design, participant characteristics such as age, disease severity 

and duration, “contributing” factor/s investigated, postural instability/balance measure used, 

and study findings (AD or LH/DW/MS).  

4. 2. 4 Methodological Quality 

The Generic Appraisal Tool for Epidemiology (GATE) checklist [372] was used to critically 

assess the methodological quality of study designs. For cohort and cross-sectional studies, 

GATE is divided into three sections: (1) validity of study design for minimising bias (further 

sub-divided into three categories: participants, exposures and comparison, and outcomes); (2) 

quality of study results (the magnitude and precision of effects); and (3) quality of study 

applicability (sub-divided into participants, exposures and comparison, and outcomes). For 

randomised controlled trials, GATE includes questions on randomisation, concealment, 

blinding, and intention-to-treat analysis. The GATE requires a rating of ‘yes’, ‘no’, or ‘don’t 

know’ for each question in each section; each item is weighted equally. A rating of ‘not 

stated’ is assigned if an item is not relevant to the type of the study. Based on these ratings, 

each of the three sections is then allocated an overall quality rating of ‘high’, ‘moderate’ or 

‘low’. In the GATE checklist [372], an overall study quality score is not calculated. However, 

in this review each study was provided with an overall quality rating as follows: a study was 

rated overall of ‘high’ quality if two of the three sections were rated as ‘high’; it was rated as 

‘moderate’ if two sections were rated as moderate; and rated ‘low’ if two sections were rated 

as low. The quality ratings were not used to exclude any study from the review; rather, the 

rating was used to critically analyse the article for discussion purposes.  

 

 



54 

 

 

Figure 4. 1 Flow chart of search process 
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4. 3 Results 

4. 3. 1 Study Selection 

The search process identified 6726 published studies. After the initial screening process and 

application of inclusion criteria, 57 studies were selected for review (Figure 1) and 42 were 

rated as of ‘moderate’ or ‘high’ quality. The data extracted from the 57 studies and their 

quality ratings are shown in Tables 4. 1 (moderate and high quality rated studies) and 4. 2 

(low quality rated studies). 

4. 3. 2 Participant Characteristics 

All studies used a cross sectional study design. The non-controlled studies either categorised 

participants with IPD into those who were “on” or “off” medication [367], into “fallers” and 

“non-fallers” [13, 154, 373], or did not include control participants. Most case-control studies 

had healthy older adults as the control group. A few studies (n=9) had a third comparison 

group of healthy young participants, aged 19-27 years [7, 10, 87, 121, 151, 359, 374-377]. 

One study had healthy older adults and people diagnosed with Alzheimer’s as the 

comparative groups. A significant number of the reported studies (n=24, 42%) included 

sample sizes of between 4-10 participants with IPD. However, 14 (25%) studies reported on 

larger sample sizes of people with IPD; eleven studies has a sample size of between 24 and 

82 participants, and the other three studies had between 102 and 120 participants [13, 154, 

373]. In regard to the L-Dopa condition during examination, 13 (23%) studies examined IPD 

participants during “on” and “off” conditions, 32 (56%) studies examined patients only in an 

“on” state, while nine studies were only in an “off” condition, and two studies did not state 

the therapeutic condition of the participants [87, 254] (see Tables 4. 1 and 4. 2). 

 

The mean (SD) age of participants in the studies included was 65 years (4.3). The mean (SD) 

duration of disease for the participants with PD was 9 (4), range (0.2-30) years. Twelve 

studies did not report disease duration. The majority of participants were assessed at being at 

levels 2-3 by the Hoehn and Yahr scale [79]. Seven studies recruited participants who were at 

a homogenous stage of the disease [12, 107, 258, 259, 365, 375, 378]. To assess severity of 

disability, six studies [4, 7, 364, 365, 377, 379] utilised motor section of the Unified 

Parkinson’s Disease Rating Scale (UPDRSm) [345], three studies [16, 380, 381], used the 

modified Webster scale, and one study used the Boher scale [382] to assess severity of 
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disability. Five studies [10, 87, 359, 363, 383] did not state the tools used for classifying the 

stage of the disease or level of disability. Most of the included articles did not report the age 

at disease onset. Different items of the UPDRS were used for comparison with other tools 

(Tables 4. 1 and 4. 2).   

4. 3. 3 Postural instability or Balance Outcome Characteristics 

Studies used a variety of methods to test or perturb postural stability and these could be 

categorised by those that measured: (1) static sway (n=28), (2) dynamic response to platform 

translation (n=16), (3) dynamic response to voluntary movement (n=8), or (4) just perturbed 

postural stability without measuring the response per se (n=7). The majority of studies (n=35) 

utilised a force platform to measure centre of pressure displacement, either during static sway 

(n=24) [5, 6, 12, 14, 15, 17, 18, 87, 107, 151, 252, 256-258, 363-365, 368, 375-377, 379, 381, 

382] or dynamic motion (n=11) [8, 9, 84, 259, 359, 361, 374, 375, 378, 384, 385]. Eight 

studies used clinical measures of instability [16, 154, 254, 383, 386-389]. Clinical measures 

included Timed Get Up and Go Test, Berg Balance Scale, Functional Reach Test, standing 

360-degree turn-in place test, and the postural items of the UPDRS. Other measures of 

instability included a variety of motion analysis system systems [4, 257, 260, 380, 390], 

stabilometric measurement of oscillation in neck and limbs [367], and inclinometers [13, 

373]. Eight studies perturbed postural stability using translating surfaces [10, 255, 356, 384, 

391], a torsional axial rotational device [366] and voluntary movement [360, 391] (See 

Tables 4. 1 and 4. 2). 

4. 3. 4 Contributing or Impacting Factors 

A number of contributing factors were investigated, and those identified by 42 studies rated 

as moderate-to-high quality (Table 4. 1) were broadly categorised as follows: (1) sensory 

dysfunction (n=12), (2) abnormal postural response patterns (n=11), (3) bradykinesia (n=2), 

(4) stiffness (n=7), (5) cognitive function (n=5), and miscellaneous factors (n=5). 

4. 3. 4. 1 Sensory Dysfunction 

Eight studies reported that participants with IPD had reduced stability during visual 

deprivation or manipulation compared with age matched healthy controls [4, 257, 259, 364, 

368, 380, 382, 390]. Only one study [258] reported that although those with and without IPD 

had significant differences in static sway patterns (p<.05), there was no significant effect on 
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sway in either group with visual manipulation. Seven of the above studies investigated the 

effects of visual deprivation on postural stability, using force platforms to measure static or 

dynamic centre of pressure displacements [4, 257, 258, 364, 368, 382, 390], under “eyes 

open” and “eyes closed” conditions during the “on” L-dopa condition. One study 

manipulated vision with visual reality googles [259] and measured dynamic stability via 

centre of pressure displacement using a force platform by asking participants to lean forwards 

as far as possible (limits of stability). One study [4], rated of moderate quality showed that 

participants with IPD had significantly shorter stepping responses, as measured by a motion 

analysis system, to controls (p<.01), but were able to increase their step length if aiming at a 

visual target.  

Four studies reported on the sensory organisation test in participants with IPD compared with 

healthy aged matched controls using computerised posturography [5, 18, 363, 365]. Rossi et. 

al. [5], in a study rated of high quality, found a worse overall composite score (p=.00) for 

those with IPD (66%) compared with controls (75%), especially for visual input (p=.01, 57% 

for IPD versus 85% for the controls) and vestibular input (52% for the IPD versus 70% for 

the controls, p=.00) conditions. The study found that vestibular deficits were independent of 

disease progression. Nallegowda et. al. [18] in a moderate rated quality study, however, 

found no significant difference in the sensory organisation test’s vestibular function tests 

between IPD and control participants with similar testing protocols.  

One finding of interest was that of Kamata et. al. [254] who reported that participants with 

IPD overestimated their perceived limits of stability and developed overestimation of stability 

limits parallel to their disease progression. This finding did not apply to the control group. 

The study found a significant difference between the distance of an actual reach test to the 

distance participants perceived they could reach (p<.05). 

4. 3. 4. 2 Abnormal Postural Response Patterns 

Eleven studies of moderate to high quality rating examined postural response patterns to 

postural perturbations; six to surface displacements [7, 8, 374, 375, 384, 391], three to 

dynamic voluntary leg movements, namely, rising on toes [360] lateral leg lifts [385], 

stepping response [255] and two studies to voluntary arm movements [6, 256]. To measure 

postural response patterns in these 11 studies, two studies primarily used EMG [374, 391], 

five studies used motion analysis systems [6-8, 255, 385], and the remaining studies used a 
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mixture of force plates, EMG and/or motion analysis systems. Seven studies compared the 

response patterns of those with IPD to age matched control participants [6, 8, 255, 256, 360, 

384]. In three studies [7, 374, 375], there were two comparison groups, one of younger and 

one of older adults. In general, these eleven studies found that postural responses of people 

with IPD tended to be abnormal in the direction and pattern of joint response compared with 

control participants, especially as the perturbations became more challenging, or participants 

with IPD showed a reduction in amplitude of movement responses compared to control 

participants [8, 255, 360, 385, 390].  

 

In one study [391] participants with IPD were found to have an impaired ability to change 

their motor set (p<.05), as measured by EMG, with different tasks and perturbations 

compared with two control groups, one comprised with Alzheimer’s disease and one of non-

disabled older adults. 

 

Three studies [6, 360, 375] reported significantly delayed postural response patterns, as 

measured by motion analysis systems, to postural perturbation compared with an age 

matched control group. One of these three studies [8] was rated of high quality and measured 

centre of mass, centre of pressure and limits of stability changes with a force platform to 

eight directions of surface translations, each translation performed in narrow and in wide 

stance. The other two studies were rated of moderate quality; one study [360] perturbed 

stability with a voluntary movement of rising on toes quickly and slowly. The other [6] 

measured centre of pressure displacement with a force platform during static stance whilst 

participants lifted their arms up at a self-paced, to a sound stimulus, and to an arm loaded, 

condition.  

4. 3. 4. 3 The Role of Bradykinesia 

One study, referred to in two publications [154, 373] rated of high quality with a large sample 

of people with IPD (n=119 [154] and 120 [373], no control group) reported bradykinesia to 

have a moderate correlation (r=.54, p<.001) with the Timed Get “Up and Go” test (arguably a 

clinical measure of balance) [154] and a low correlation with postural sway using 

inclinometer tool (r=.24-0.37, p<.001) [373]. Participants in these studies were measured in 

the “on” phase of medication and bradykinesia was measured with the UPDRS. 
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4. 3. 4. 4 The Effect of Stiffness 

Seven studies [9, 10, 367, 386, 389, 392, 393], were broadly categorised under the heading of 

‘stiffness’ in that they investigated either axial rigidity (increased resistance to passive 

movement) [367, 386, 389, 392], range of movement in the spine [389], or concomitant 

contraction of agonist and antagonist muscles in the trunk and legs [9, 10, 392, 393]. Bartolic 

et. al. [367] demonstrated that static sway (oscillation in neck and limbs measured with a 

stabilometer) was significantly improved (p<.05) in eight people with IPD (no control group) 

by decreasing rigidity in the neck via the introduction of the drug Apomorphine. Increased 

axial muscle tone and spinal inflexibility were shown to significantly correlate with reduced 

stability in participants with IPD, measured by dynamic responses to voluntary movement 

(Berg Balance Scale and Functional Reach Test (r=-.61 to -.74), and the Timed Get Up and 

Go (r=.63) in two studies (n=15, 56) [386, 389]. Of interest, although possibly not of clinical 

significance, in the study by Schenkman et. al. [389] spinal flexibility accounted for 6.1% of 

the variance in distance reached, irrespective of disease stage.   

 

In four studies reviewed [9, 10, 392, 393], dynamic postural perturbation via surface 

translation was found to cause a greater co-contraction of the lower limb and trunk muscles 

(as measured by EMG) in participants with IPD compared to control participants. In three 

studies the control participants were age-matched [9, 392, 393], but in one study there were 

two control groups (one comprised older adults and the other of younger adults) [10].  

4. 3. 4. 5 The Impact of Cognitive Function 

Four studies [14-16, 377] investigated the role of cognitive dual tasking on postural stability 

in people with IPD. One study measured the maintenance of static standing positions with 

reducing base of support (time-based), self-initiated perturbations (arm raise tests, the step 

test: number of repetitions of arm raising or steps) and external perturbation (shoulder tug 

test: response rated on a five point clinical rating scale) tasks [16]. Two studies [14, 15] 

measured the centre of pressure displacement during static sway and one study measured 

anticipatory postural adjustment by centre of pressure displacement measured via a force 

plate [377].   
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Morris et. al. [16], in a study rated of high quality, reported no significant difference in 

reduction in postural stability (using clinical balance measures) between participants with 

IPD and controls whilst they recited the days of the week backwards.  

 

Two studies of moderate quality showed that participants with IPD had altered sway as 

measured by centre of pressure displacement during the performance of cognitive tasks 

compared with controls, and this was a significant finding during the performance of the high 

complexity cognitive tasks [14, 15]. Holmes et. al. [14] had participants undertake a verbal 

task of low (counting from one to five in a looped sequence) and of a high complexity 

(describing a familiar place) while measuring postural sway on a force plate. Participants 

with IPD had significantly reduced sway (p<.05) compared with controls only during the 

high complexity verbal task. In contrast, Marchese et. al. [15] found participants with IPD 

had significantly increased area of sway compared to controls on undertaking cognitive 

(calculations with eyes open, p<.001; and with eyes closed, p<.02) and motor (sequentially 

opposing the thumb to the other fingers, only eyes open, p<.05) dual tasks. One study [377] 

demonstrated that although people with IPD had significantly (p<.05) reduced anticipatory 

postural adjustments as measured by centre of pressure displacement and velocity, compared 

to controls during the initiation of gait, this difference did not deteriorate in those with IPD 

with the addition of simple or complex verbal tasks.  

 

In one study, Nocera et. al. [17] investigated whether reduced function of the dorso-lateral 

prefrontal area affected postural stability in people with mild to moderate stages of IPD 

(Hoehn and Yahr stages 1 to 2.5), by using the three selected tests for cognitive tasks to 

activate the dorso-lateral prefrontal area (Digit Span Backward Subtest from Wechsler 

Memory Scale, Controlled Word Association Test and Stroop Colour Word Test) and the 

Mini-Mental State Examination (MMSE) for general evaluation of the degree of cognition. 

The study demonstrated a significant, moderate negative correlation between the COP 

displacement area and reduced cognitive ability (p<.05). The authors reporting that reduced 

dorsolateral frontal function accounted for 13 to 20% of the increase in postural sway. The 

difference was not significant between the COP displacement area and the general measure of 

cognition (MMSE). The study was rated of moderate quality.  
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4. 3. 4. 6 Miscellaneous Factors 

Studies categorised under this section were single studies investigating a potential 

contributing factor [12, 13, 84, 376, 387]. One study [12], rated of high quality, reported that 

L-Dopa therapy induced dyskinesia significantly increased sway (p<.001) in people with 

advanced IPD (Hoehn and Yahr grade 3-4) of over 12 years duration. During a leaning task 

to threaten postural stability, this study showed a fivefold increase in COP net displacement 

(p=.003); more in the medio-lateral, than in the antero-posterior direction. Of note, half the 

participants with IPD expressed subjective unsteadiness during the “on” state of the L-Dopa 

therapy with dyskinesia.  

 

The study by Matinolli, et. al. [13], also rated of high quality, investigated the effect of 

orthostatic hypotension on static sway, as measured by centre of pressure displacements with 

an inclinometer (n=120 with a mean Hoehn and Yahr grade of 2.2, no control group). Sixty-

three participants (53%) had orthostatic hypotension. There was a significant increase in 

mean postural sway (area, velocity, length, p=.001), which was 1.5-2 times greater in 

participants with orthostatic hypotension than those without.  

 

Paul et. al. [387] investigated the relationship between postural stability and muscle power in 

82 people with IPD (mean Hoehn and Yahr grade of 2.1, no control group) during the “on” 

phase of their medication. The performance of eight dynamic tasks that challenged postural 

stability was measured either by time taken, distance reached or score gained on a rating 

scale and correlated to lower limb muscle power tested with a pneumatic variable resistance 

machine. Univariate analyses showed that lower limb muscle power explained 7-33% of 

variability in performance of these tasks, and muscle power was consistently associated with 

those tasks in which there was a change in the base of support. This association was, 

however, muscle- and task-specific.  

 

Kerr et. al. [376] investigated the impact of upper limb resting tremor and postural tremor 

(measured with four uniaxial accelerometers) on static stability measured with centre of 

pressure displacement with a force platform in people with IPD (n=8, Hoehn and Yahr grade 

of 1.2-2.5). A significant association between increased sway with resting and postural 

tremor (p<.05) was found. Another study [84] investigated the impact of the ‘typical’ stooped 
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posture (measure by a motion analysis system) during “off” therapy on dynamic postural 

stability (limits of stability were measured with a movable force plate). The results showed 

that in control participants (n=11) their stooped posture did reduce their limits of stability but, 

unlike participants with IPD (n=7), not their postural responses. 
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Table 4. 1 Characteristics of the studies rated as of moderate and high quality. 

First author 

Year 

Study design 

Aim of the study 

 

Contributing 

factor 

Postural stability 

measure 

Sample size: 

IPD / CS 

*Age: 

mean 

(SD) 

years 

Disease    

duration  

(SD/range)            

years 

Disease 

Severity 

ON/OFF GATE  Score                       

1- Validity                                                                 

2- Magnitude & 

Precision                                         

3- Applicability 

OA: Overall Rating 

Findings 

Rossi et. al.. 

2009.5   

Cross-sectional 

observational 

study.  

To study 

vestibular input as 

a contributor to 

postural 

instability. 

 

Sensory organisation  

- SOT.   

Static sway – 

measured COP 

with a force 

platform. 

45 / 20 72 5                

(2.88) 

H&Y: 2-4 ON 1- High                               

2- Low                                  

3- High 

OA: High 

IPD group: worse composite 

scores for overall stability (p=.00) 

compared with controls, especially 

for visual input (p=.01) and 

vestibular input (p=.00) 

conditions.  Vestibular deficit was 

independent of disease 

progression. 

 

Colant-

Coulobois      
et. al. 

2011.362 

Cross-sectional 

observational 
study. 

To study postural 

control and 
strategies in 

advanced IPD.  

  

Sensory organisation 

- SOT. 

Static sway -   

measured COP 
with a force 

platform. 

24  / 48 60  (14) Median = 

11  IQR=4.3 

H&Y: 4 

UPDRSm
ON:13 

OFF:48 

ON   1- Moderate                 

2- Moderate        
3- Moderate  

OA: Moderate 

IPD group had reduced scores of 

composite, equilibrium and 
strategy SOT scores (p<.00) 

compared with controls. IPD 

group had greater difficulty to 
control sway in more complex 

sensory conflicting tasks (p< 

.001). 
 

Nallegowda 
et. al. 

2004.18 

Cross-sectional 
observational 

study.  

To investigate 
sensory deficit on 

postural stability.  

 

Sensory organisation 
- SOT.  

 

Static sway -   
measured COP 

with a force 

platform.  

30 / 30 58 4  H&Y: 
2.7 

ON/OFF   1- High                 
2- Moderate        

3- Moderate    

OA: Moderate               

IPD group (ON/OFF): different to 
non-IPD control group in all SOT 

tests, except SOT1 and SOT5 

(p<.05); had less use of ankle 
strategy in SOT3 (p<.04).  

 

Jacob &  

Horak 

2006.4 

Cross-sectional 

observational 

study. 
To study central 

proprioceptive-

motor integration 
by the resultant 

compensatory 

steps to external 

Vision  

- EO/EC 

- visual targets    

Dynamic – 

measured stepping 

strategy with an 8 
camera motion 

analysis system. 

10 / 10 64 NS UPDRS:  

ON: 26 

Range 19-
63 

OFF: 29  

Range 9-
46 

ON/ OFF  1- High                 

2- Moderate       

3- Moderate   
OA: Moderate    

IPD group: compensatory steps 

were short with larger errors 

(p<.01) compared to controls, but 
IPD group were able to lengthen 

their steps with a visual target. 

Differences greater in those with 
severe IPD. 
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perturbation under 

various 

conditions. 
 

Kitamura et. 

al. 1993.377                    

Cross-sectional 

observational 

study. 
To study 

influences of 

visual input on 

posture stability. 

 

Vision  

- EO/EC.  

Static – measured 

COP with a force 

platform utilising a 
photoelastic 

analysis system. 

9 /  7 61 8                 

(4-13) 

H&Y: 3 – 

4 

ON  1- Moderate                 

2- Moderate        

3- Moderate 
OA: Moderate 

IPD group: During eyes closed, 

shifted centre of pressure 

backwards (p<0.05) and placed 
more weight on their less affected 

leg (p<0.01) than controls. 

Nardone, & 
Schieppati       

2006.254 

Cross-sectional 
observational 

study. 

To study the 
impact of head 

displacement on 

postural control 
between fallers 

and non-fallers. 

 

Vision  
- EC/EO.    

Static – measured 
with COP with a 

force platform. 

Dynamic -
measured with a 

motion analysis 

system whilst 
standing on 

moving platform. 

 

15 / 16       67 8                  
(3.5) 

H&Y: 2 - 
3                

(2.45) 

ON 1- Moderate                 
2- Moderate        

3- Moderate 

OA: Moderate 

IPD group: sway larger with eyes 
closed (p<.01) compared to 

controls. Both groups had larger 

head deviations during mobile 
platform testing with eyes closed 

(p<.00). The IPD “fallers” had the 

greatest increase. 

Brown et. al. 

2006.361 

Cross-sectional 

observational 
study. 

To compare time 

course for postural 
control in relation 

to adaptation of 

visual 
reintegration and 

feedback. 

 

Vision 

- visual deprivation 
(using vision-occlusion 

goggles).    

Static - measured 

with COP with a 
force platform. 

12 / 12 67 7              

(1-15) 

UPDRS: 

19.4 

ON 1- Moderate                  

2- Low               
3- Moderate 

OA: Moderate 

Both groups had increased sway 

area (p<.05) on visual deprivation, 
control group then returned to 

baseline level whilst IPD group 

sway remained increased after 
vision restored. 

Schmit et. al. 

2006.255 

Cross-sectional 

observational 

study. 
To study the effect 

of visual 

manipulation on 
postural sway. 

 

Vision  

- EC/EO. 

Static - measured 

with COP with a 

force platform. 

6 / 6 71 6                  

(5-8) 

H&Y: 3 ON  1- Moderate                  

2- Low               

3- Moderate 
OA: Moderate 

Although there were differences in 

sway patterns between IPD and 

controls (p<.05), there was no 
significant effect on sway in either 

group with visual manipulations. 

Blaszczyk 
et. al. 

2007.365 

Cross-sectional 
observational 

study. 

Vision  
- EO/EC. 

Static - measured 
with COP with a 

force platform. 

55 / 55 65 6               
(4.4) 

H&Y: 1 - 
3 

ON  1- Moderate                  
2- Moderate        

3- Low 

IPD group: increased ML sway 
and sway area with eyes closed 

(p<.00) compared with controls. 
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To study the effect 

of visual exclusion 

on postural 
instability. 

 

OA: Moderate 

 

Suarez et. al. 

2009.256 

Cross- sectional 

observational 

study. 
To study the 

impact of change 

in visual flow 

velocity input on 

postural control. 

 

Vision    

- changes in flow 

velocity of presented 
visual stimulus 

delivered via virtual 

reality goggles. 

Dynamic – 

measured by 

asking participants 
to lean forwards as 

far as possible 

(LOS) – measured 

COP with a force 

platform. 

20 / 25 64 NS H&Y: 1 ON  1- Moderate                 

2- Low                

3- Moderate 
OA: Moderate 

IPD group: decrease in LOS 

(p<.001) compared with controls 

on receiving the visual 
disturbance. 

De Nunzio   

et. al. 

2007.387 

Cross-sectional 

observational 

study. 
To study sensory 

processing and 

timing to changes 
in visual input. 

 

Vision 

- EO/EC. 

Dynamic - 

response time to 

maintain stability 
whilst standing on 

a continuous 

moving platform 
measured with a 

motion analysis 

system and EMG. 
  

9 / 13 72 7                

(4.0) 

H&Y: 1 - 

4               

(2.5) 

ON  1- Moderate                 

2- Low                

3- Moderate 
OA: Moderate 

IPD group: Delay in adaptation to 

new (eyes closed to eyes opened) 

visual reference. Longer latencies 
of TA muscle activities (P<.001) 

compared with control. 

Kamata et. 

al. 2007.251 

Cross- sectional 

observational 
study. 

To study over-
estimation of 

limits of stability 

on postural 
control. 

 

Spatial perception   

-  participants’ 
perceived reach versus 

how far they actually 
reached. 

 

Dynamic – (LOS) 

measured distance 
using FRT. 

 

21 / 21 65 4                

(3-9) 

H&Y: 1- 

4 

NS 1- Moderate                 

2- Low                  
3- Moderate 

OA: Moderate 
 

IPD group: overestimated stability 

limits (p<.05) compared with 
controls.  

Horak et. al. 
2005.8 

Cross-sectional 
observational 

study. 

To study the 

effects of stance 

width on stability 

in reaction to 
surface 

translation. 

Abnormal postural 
response pattern 

- motion analysis 

system. 

Dynamic – 
measured COM, 

COP, and LOS 

with a force 

platform to 8 

directions of 

surface 
translations, each 

performed in 

narrow and wide 
stance. 

7 / 7 66 18                
(3-42) 

Y&H: 2 - 
4 

OFF   1- High                
2- Moderate        

3- High 

OA: High 

IPD group: reduced LOS in all 
directions (p<.01). Slower rise and 

smaller peak COP (p<.00). Time 

to peak COM in IPD was delayed 

(p<.05). Lateral stability had 

reduced trunk flexibility (p<.05) 

and backward postural stability 
had reduced knee flexion (p<.1). 

Reduced movements suggesting a 

stiffening reaction to postural 
perturbations and inability to 

adapt the postural response 

patterns. 
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Chong et. al. 
2000.371 

Cross-sectional 
observational 

study. 

To investigate the 
ability to quickly 

change postural 

set in response to 
perturbation.  

 

Abnormal postural 
response pattern  

- EMG  

Dynamic – 
perturbed stability 

with surface A/P 

translations and 
rotations – 

monitored COP 

measured by force 
platform. 

3groups: 
IPD=10  

Older CS=10   

Young CS=10 
 

68 (9) NS H&Y: 2-4       
(mean 

2.6) 

ON/OFF 1- Low               
2- High        

3- Moderate 

OA: Moderate 

IPD group: impaired ability 
compared with controls, to change 

motor set and had reduced 

amplitude change in 
gastrocnemius responses. This 

was unaffected by medication 

(p<.00). 

Chong et. al. 

1999.388 

Cross-sectional 

observational 

study. 

To investigate the 
ability to change 

postural set in 

response to 
perturbation. 

 

Abnormal postural 

response pattern  

- EMG. 

Dynamic – 

perturbed stability 

with surface A/P 

translations and 
rotations, active 

toe rising, no 

support and with 
support (moving 

platform). 

 

3 groups: 

IPD=8  

Alzheimer=11  

Older CS=12 
 

60 (5) 12.6 H&Y: 3-4 ON 1- Low                  

2- Moderate            

3- Moderate 

OA: Moderate 

IPD group: impaired ability to 

change motor set (p<.05) with 

different tasks and perturbations 

compared with control and 
Alzheimer’s disease groups. 

Dimitrova    

et. al. 

2004b.381 

Cross-sectional 

observational 

study. 
To study the 

directions of 

ground reaction 
forces in response 

to directional 
perturbations. 

 

Abnormal postural 

response pattern 

- reactive forces 
- force platform. 

Dynamic – to 

surface 

translations   in 
eight directions in 

wide and narrow 

stance – COP 
measured with a 

force platform.    

8 /  8        64 18                  

(4.1) 

H&Y: 0.2 

-  4 

ON 1- Moderate                 

2- Low              

3- Moderate 
OA: Moderate 

IPD group: smaller horizontal 

reactive force than controls 

(p<.01) in quiet stance. Abnormal 
directions and low magnitude of 

reactive forces in response to 

changes in direction of 
perturbation (p<.001). IPD used 

both legs in reactions, controls 
primarily used loaded limb. IPD 

did not change reactions with 

change in BOS (p<.05). 
 

Kim, et. al.. 

2009.7 

Cross-sectional 

observational 
study. 

To investigate the 

postural feedback 

gain for amplitude 

and scaling of 

postural response 
to perturbation. 

Abnormal postural 

response pattern 
- motion analysis 

system 

Dynamic - 

perturbed stability 
with 7 different 

backwards support 

surface 

translations (range 

-3 to 15cm 

amplitudes but 
constant duration 

of 275ms).  

 

3groups: 

IPD=7  
Older CS=7   

Young CS=7  

65 6                  

(1-11) 

UPDRS: 

23.8 

ON 1- Moderate                  

2- Moderate        
3- Low 

OA: Moderate 

All groups scaled the magnitude 

of joint kinematic and joint torque 
responses to changes in surface 

translations.  

IPD group: less flexibility in ankle 

torque alterations and smaller hip 

angles and torques than other two 

groups. As translations increased, 
IPD group had smaller ankle gains 

and sig. larger hip gains than older 

adults (p<.05). Although IPD 
changed the ankle and hip 

responses to different 

perturbations, these changes 
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became more abnormal and 

inflexible compared with controls 

with increasing challenges.  
 

Frank et. al. 
2000.357 

Cross-sectional 
observational 

study.  

To study timing 
and scaling of 

postural 

preparation before 

voluntary 

movement of 

rising on toes. 

Abnormal postural 
response pattern 

- motion analysis 

system, EMG, and 
ankle torque (measured 

with COP  on force 

platform). 

Dynamic - 
perturbed stability 

with a voluntary 

movement of 
rising on toes 

quickly and 

slowly. 

10 / 13 61 NS H&Y: 3 - 
4 

ON/OFF  1- Low                  
2- Moderate       

3- Moderate 

OA: Moderate 

IPD group: less dorsiflexion 
torque and lower levels of muscle 

activation than controls (p<.05). 

IPD were able to increase scale 
response when asked to move 

faster. Muscles activation were 

correct in order but at reduced 

amplitude and slower in IPD 

generating a slower and less 

forceful postural adjustment and 
had less stabilisation at the end of 

the task (p<.05). L-Dopa 

improved timing & magnitude of 
both postural and voluntary 

actions (p<.05) but not to the level 

of the controls. 
 

Tonolli et. 

al. 2000.382 

Cross-sectional 

observational 
study. 

To study postural 

adjustments 
during lateral leg 

raising. 

 

Abnormal postural 

response pattern 
- motion analysis 

system  - 2 cameras. 

Dynamic – 

voluntary lateral 
leg raising. COP 

measured with 

force platform. 
 

10 / 6 66 11           (2-

18) 

H&Y: 1 - 

4 

ON 1- Moderate                 

2- Moderate        
3- Low 

OA: Moderate 

IPD group: abnormal and small 

amplitude strategies in lateral leg 
raising and shifting of body 

weight compared to controls. 

Timing was the same as controls. 

King & 

Horak 
2008.252 

Cross-sectional 

observational 
study. 

To study postural 

reactions to 
stepping. 

 

Abnormal postural 

response pattern 
- motion analysis 

system - 6 cameras. 

 

Dynamic – 

perturbed stability 
via moving 

platform forcing 

lateral and cross-
over stepping, or 

no step. 

 

13 / 14 62 12            

(3-28) 

H&Y: 2-4 

(3.2) 

ON/OFF 1- Moderate                  

2- Moderate        
3- Low 

OA: Moderate 

IPD group: lateral stepping 

strategy delayed (p<.01), smaller 
amplitude (p<.01) and slower 

(p<.05) during “OFF” state, but no 

difference during “ON” state.  
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Horak et. al. 

1992.372 

Cross-sectional 

observational 

study. 
To study three 

aspects of postural 

control ((i) use of 
sensory 

information, (ii) 

coordination and 
(iii) flexibility of 

postural 

movement 
patterns. 

Abnormal postural 

response pattern 

- platform-mounted 
potentiometer and 

EMG. 

Static and 

Dynamic – sway 

under different 
sensory states,  

perturbed stability 

with surface 
displacements 

forwards and 

backwards in 
standing, in wide 

stance standing 

and during 
standing up.  

3 groups:  

IPD=8 

Older CS=5  
Young CS=5 

63 

(17) 

11 

(5-18) 

H&Y: 3 - 

4 

ON/OFF 1- Moderate                  

2- Low                

3- Moderate 
OA: Moderate 

All groups: altered sensory 

conditions did not alter sway area 

nor were there differences in EMG 
latencies. 

Control participants altered their 

motor patterns in response to 
surface translation. IPD 

participants did not; their 

responses were not modified. 
Key finding was postural 

instability associated with 

abnormal patterns of postural 
responses and inflexibility to 

changing support surfaces. 
 

Bleuse et. al. 

2008.6 

Cross-sectional 

observational 
study. 

To investigate the 

contribution of 
APA response to 

perturbation. 

 

Abnormal postural 

response pattern 
- 6 camera system. 

. 

Static - lifted arm 

up: (i) self-paced, 
(ii) to a sound 

stimulus, (iii) 

under arm loaded 
conditions -  

COP measured 

with a force 
platform. 

  

10 / 10 64 11               

(6.4) 

H&Y: 2.5       

(0.5) 

OFF   1- High                 

2- Moderate        
3- Moderate 

OA: Moderate 

IPD group: did perform APAs 

prior to unilateral arm movement 
but these had reduced magnitude 

of backward displacement of COP 

and increased time to peak 
velocity (p<.00) compared with 

controls. 

Latash et. al. 
1995.253       

Cross-sectional 
observational 

study. 

To study APA in 
relation to 

bradykinesia. 

Abnormal postural 
response pattern 

- 2- axis goniometer, 

accelerometer, and 
EMG.  

 

Static - (i) fast 
paced arm 

movements, (ii) 

pressing a trigger 
tor release or catch 

a load. COP 

measured with a 
force platform. 

6 /  6 70 15          (1-
50) 

H&Y: 2 - 
4 

ON   1- High                 
2- Low               

3- Moderate 

OA: Moderate 

IPD group: had APA responses 
but the pattern varied (not 

significant) to control group in the 

fast paced arm movements. No 
anticipatory responses in IPD, in 

contrast to controls, in the leg and 

trunk muscles for the loading 
response movements. Authors 

speculated that IPD had changed 

anticipation, as opposed to no or 
delayed anticipation, in 

preparation for voluntary 

movement. Authors considered 
this unrelated to bradykinesia.  

  

Matinolli      

et. al. 

2009b.151   

Cross-sectional 

observational 

study. 
To study the 

effects of rigidity 

Bradykinesia and 

rigidity (as measured 

with the UPDRS).   

Dynamic – 

measured with the 

TUG. 

119 / no CS                             68 6              

(5) 

H&Y:2.2  

(0.6) 

ON 1- High 

2- High                      

3- Moderate 
OA: High 

 

TUG was moderately correlated 

with bradykinesia (r= 0.54, 

p<.001)  and weakly with rigidity 
(r=0.27, p<.01)                                                         
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and bradykinesia 

on stability. 

 

Matinolli     

et. al. 
2007.370 

Cross-sectional 

observational 
study. 

To study the 

effects of rigidity, 
bradykinesia and 

tremor on 

stability. 

 

Bradykinesia, rigidity, 

tremor (measured with 
UPDRS). 

Static – body sway 

measured with an 
inclinometer. 

120 / no CS                                  68 6          

(5) 

H&Y: 2.2            

(0.6) 

ON   1- High                               

2- High     
3- Moderate 

OA: High 

Small correlation (.24-.37) 

between: all sway variables and 
bradykinesia; sway area and 

rigidity; sway velocity and length 

and tremor (all for eyes open and 
closed) (p<.001). 

Bartolic et. 

al. 2005.364 

Cross-sectional 

observational 
study. 

To study effects of 

rigidity on 
postural stability. 

 

Stiffness - decreasing 

rigidity with 
Apomorphine. 

Static - sway - 

oscillation in neck 
and limbs 

measured with a 

stabilometer. 

8 / no CS 61 

(2) 

17                    

(2)  

Y&H: 3 ON/OFF 1- High                 

2- Moderate        
3- Moderate 

OA: Moderate 

Postural stability was improved 

(p<.05) by decreasing rigidity in 
the neck muscles via introduction 

of Apomorphine. 

Carpenter     
et. al. 

2004.389 

Cross-sectional 
observational 

study. 

To study trunk 
and arm responses 

to postural 

perturbation. 

Stiffness 
- angles of trunk with a 

potentiometer, trunk 

angular velocity with a 
transducer and EMG. 

Dynamic – 
rotational 

perturbations in 6 

different directions 
ankle torque - 

measured with a 

force platform. 
 

10  / 11 64 10                
(7.2) 

H&Y: 1.5 
- 4 

ON/OFF 1- Moderate                  
2- Moderate        

3- Moderate 

OA: Moderate 

IPD group: reduced ankle torque 
generation in backwards and 

forwards direction. Reduced onset 

and amplitude of trunk pitch and 
roll displacement. Increased 

general background activity in all 

lower limb muscles compared 
with controls. Abnormal arm 

responses to postural perturbation 
which was not considered to be a 

protective response. Minimal 

change between “on” and “off” 
states.  

 

Franzen et. 
al. 2009.383 

Cross-sectional 
observational 

study. 

To study the effect 

of axial tone on 

postural control. 

 

Stiffness – axial tone 
measured as resistance 

to torsional rotation 

with an axial twisting 

device. 

  

Dynamic – 
measured with the 

TUG, BBS, FRT, 

standing 360-

degree turn-in 

place. 

 

15 / 15 63 7 H&Y: 2 - 
3 

ON/OFF 1- Moderate        
2- Moderate           

3- Moderate  

OA: Moderate 

IPD “OFF”: correlation between 
TUG, FRT and BBS and neck 

/trunk axial tone (.63/.36, -.37/-

.67,-.50/-0.61). 

IPD “ON”:  correlation between 

TUG, FRT and BBS and neck 

/trunk axial tone (.48/.36-.74/-.67,-
.72/-.61). 

 

Schenkman 
et. al.                          

2000.386 

Cross-sectional 
observational 

study.  

Stiffness  Dynamic – LOS 
measured with the 

FRT. 

56 / 195 71 NS H&Y: 2 - 
3 

ON 1- Moderate                  
2- Moderate        

3- Moderate 

Spinal inflexibility contributed 
sig. to functional reach (r2 = .33) 

for the overall model (p=.00).  
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To study 

relationship of 

spinal flexibility 
on limits of 

stability. 

 

- axial rotation 

measured with a 

kyphometer. 

 OA: Moderate 

Dimitrova 

et. 
al..2004a.390 

Cross-sectional 

observational 
study. 

To study pattern 

and magnitude of 

postural muscle 

response to 

directional 
perturbations 

during stance 

posture. 

Stiffness  

- EMG of postural 
muscle responses. 

Dynamic - 

perturbed stability 
via surface 

translations in 

eight directions in 

narrow and wide 

stance positions. 

13 / 13 64 14                  

(3.1) 

H&Y: 1 - 

4                                    
(2.8) 

OFF 1- Moderate                 

2- Low                
3- Moderate 

OA: Moderate 

Pattern of muscle activation to 

translation in IPD and controls 
were the same, however IPD 

showed more co-activation in both 

proximal and distal muscles and 

had a larger mean background 

EMG activity in lower limb 

muscles (p<.05). IPD had a 
smaller increase in EMG activity 

than controls when reacting to 

narrow stance perturbations 
compared with wide stance 

perturbations. Overall IPD had 

shorter EMG latencies (p<.00).  
 

Bloem, et. 

al. 1995.9 

Cross-sectional 

observational 
study.  

To study postural 

reflexes to 
postural 

perturbation. 

Stiffness 

- EMG. 

Dynamic - 

perturbed stability 
with surface 

displacements – 

COP and COG 
measured with a 

force platform. 

 

16 / 21 60 7  

(4) 

H&Y: 2.5          

(0.7) 

OFF 1- Moderate                 

2- Moderate        
3- Low 

OA: Moderate 

IPD group: abnormal and non-

changing postural reflexes, 
associated with delayed corrective 

movements about the ankle joint, 

increased body sway, and a higher 
stiffness in the ankle muscles 

compared with controls. 

 

Dietz et. al. 

1988.10 

Cross-sectional 

observational 
study. 

To study leg 

muscle responses 
to perturbation via 

treadmill 

displacement. 

Stiffness – EMG of leg 

muscles, goniometer 
measures of ankle and 

hip joints range of 

motion. 

Dynamic - 

perturbed stability 
with random 

unexpected 

treadmill 
displacements, 

both backwards 

and forwards and 

at different speeds. 

 

3groups: 

IPD=13  
Older CS=10  

Young CS=7 

69.2 

(8.2) 

NS NS ON 1- Moderate                  

2- Low                        
3- Moderate 

OA: Moderate 

IPD group: weaker GN muscles 

response initially (p<.05), 
followed by a stronger TA 

response (p<.01), followed by 

increased resistance of leg 
extensor muscles to stretch (i.e., 

the ratio of the integrated EMG 

responses amplitude to mean 

displacement velocity of the ankle 

joint) compared with controls.  

 

Morris et. al. 

2000.16 

Cross-sectional 

observational 

study. 
To study effects of 

dual tasking and 

postural instability 

Cognitive dual tasking - 

a verbal-cognitive task 

(recite days of week 
backwards). 

Dynamic – 

measured by 

maintaining 
various static 

standing positions 

during self-

30 / 15 68 20  

(1- 20) 

Webster:1

3        (5) 

ON 1- High            

2- Moderate             

3- High 
OA: High 

IPD participants had reduced 

stability across all tests. Both 

groups had reduced stability with 
the addition of the cognitive task, 

but there were no sig. between 

group differences.  
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initiated 

perturbations (arm 

raise tests, step 
test) using time 

taken or 

repetitions or 
external 

perturbation 

(shoulder tug test) 
using a rating 

scale. 

 

Holmes et. 

al. 2010.14 

Cross- sectional 

observational 
study. 

To study the 

impact of 
cognitive dual task 

interference on 

postural 
instability. 

 

Cognitive dual tasking – 

no task; performing a 
rote verbal repetition 

task; producing a 

monologue. 

Static – measured 

with COP with a 
force platform. 

12 / 12 65 5             

(2-9) 

H&Y: 1.5 

- 2.5    

ON 1- High                 

2- Low               

3- Moderate 

OA: Moderate 

IPD group: only a sig less (p<.05) 

COP excursion ML, AP and 

pathway during complex cognitive 

task (producing a monologue) 

compared with controls, no sig 

difference for no task or simple 

verbal task.   

Marchese et. 
al. 2003.15 

Cross-sectional 
observational 

study. 

To study the effect 
of cognitive and 

motor dual tasks 

on postural 
control. 

 

Cognitive dual tasking – 
no task; counting 

backwards aloud in 

multiples of three; 
performing a finger and 

thumb opposition task. 

 

Static – measured 
with COP with a 

force platform. 

24 / 20 66 9                 
(3.3) 

H&Y: 2 – 
3 

(2.5) 

ON 1- Moderate                  
2- High           

3- Low 

OA: Moderate 

IPD group: during dual task 
(motor and cognitive) reduced 

stability as measured by COP area 

(p<.01) compared to controls, 
especially in those with a prior 

history of falls. 

Nocera, et. 

al. 2013. 374 

Cross-sectional 

observational 

study. 
To study changes 

in APA for gait 

initiation with no, 

single or complex 

dual task. 

 

Cognitive dual tasking – 

initiation of gait in 

response to a visual cue, 
with no task or whilst 

performing a low 

memory or a high 

memory task. 

 

Static – APA was 

measured by the 

COP displacement 
and velocity 

during gait 

initiation using a 

force platform. 

3 groups:          

IPD=13 

Older CS=13  
Young CS=11 

 

65.8 

(2.0) 

7.8 

(4.4) 

H&Y:1-

2.5     

MDS-
UPDRS: 

40.3(2.6)   

ON 1- Moderate                 

2- Moderate       

3- High 
OA: Moderate 

IPD group: displacement and 

velocity of COP were reduced 

during single (no cognitive task) 
and dual task (cognitive+gait 

initiation) (p<.05) compared to the 

two healthy groups. But the 

addition of dual tasks did not 

change the COP response in IPD 

group.  

Nocera et. 

al. 2010.17 

Cross-sectional 

observational 

study. 
To study cognitive 

dual task 

paradigm on 

Cognitive dysfunction – 

digit span backwards 

subtest, controlled word 
association test, Stroop 

colour word test. 

 

Static – measured 

with COP with a 

force platform and 
the postural item 

of UPDRS. 

22 / no CS 69  

(7.07) 

16      

(2.6) 

H&Y:1-

2.5 

UPDRS: 
28 

 

ON 1- Moderate                 

2- Moderate       

3- Moderate 
OA: Moderate 

IPD group: negative association 

between COP displacement area 

and selective cognitive measures 
of dorsolateral prefrontal area 

(p<.05). No sig. diff between 
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initiation of 

movement.  

COP, postural item of UPDRS, 

and Mini-mental State Exam. 

 

Paul et. al. 

2013.384 

Cross-sectional 

non controlled 

study. 
To study the 

association 

between 
impairments and 

postural stability 

and mobility 
variables. 

  

Muscle power – of hip 

abductors and hip and 

knee extensors 
measured with a 

pneumatic variable 

resistance machine. 
 

Dynamic - 

measured 

anticipatory 
control with 8 

functional tests – 

measures included 
time taken, 

distance reached 

or scored on a 
rating scale. 

 

82/ no CS 66.5 

(7.6) 

7.5 

(5.7) 

H&Y: 2.1 

(07) 

ON 1- Moderate                 

2- Moderate       

3- Moderate 
OA: Moderate 

In a univariate analysis lower limb 

muscle power explained 7-33% of 

variability in postural stability and 
mobility tasks. Muscle power 

consistently associated with tasks 

that resulted in a change in base of 
support (β=.2-.5) which was task 

and muscle specific. 

 

Matinolli    
et. al. 

2009a.13 

Cross-sectional 
observational 

study. 
To study 

association of 

orthostatic 
hypotension on 

postural stability. 

 

Orthostatic hypotension 
– measured with an 

automated 
sphygmomanometer. 

Static – measured 
with COP with an 

inclinometer. 

120 / no CS                               68 6                   
(5) 

2.2  
(0.6) 

ON 1- High                               
2- High                  

3- Moderate 
OA: High 

Increase in postural sway in 
patients with orthostatic 

hypotension (p>.001).  

Armand et. 

al. 2009.12 

Cross-sectional 

observational stud. 

To study the 
impact of 

dyskinesia in “on” 

state on postural 
stability. 

 

L-Dopa induced 

dyskinesia – clinically 

measured with a 
dyskinesia rating scale. 

Static – measured 

with COP with a 

force platform. 

11 / 12 65 12 H&Y: 3 – 

4 

ON/OFF 1- High                      

2- Moderate                  

3- High 
OA: High 

Increased COP and net 

displacement of COP (p<.05) 

associated with dyskinesia. 

Jacobs et. al. 
2005.81 

Cross-sectional 
observational 

study. 

To study the 
impact of stoop 

posture on 

postural stability. 
 

Stooped posture - 
motion analysis system. 

Dynamic – 
measured LOS 

with a movable 

force plate and 
EMG. 

 

7/11 64 18                     
(5) 

H&Y: 2.5 
- 4                   

(3.4) 

OFF 1- Moderate                  
2- Low                

3- Moderate 

OA: Moderate 

In control participants: stooped 
posture did reduce limits of 

stability but not postural 

responses. 
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Kerr et. al. 

2008.373 

Cross-sectional 

observational 

study. 
To study 

relationship 

between postural 
sway and resting 

upper limb tremor. 

 

Resting tremor – 

measured with four 

uniaxial accelerometers.  

Static - measured 

with COP with a 

force platform. 

3 groups:          

IPD=8 

Older CS=12  
Young CS=12 

 

65 7               

(2-10) 

H&Y: 

1.5-2.5 

ON/OFF 1- Moderate                  

2- Moderate        

3- Low 
OA: Moderate 

IPD group: association between 

COP sway with resting and 

postural tremor (p<.05). 

IPD: idiopathic Parkinson’s disease; CS: control participants; SD: standard deviation; Precision: precision of effects; H&Y: Hoehn and Yahr PD staging ; Parkinson’s 

disease staging; UPDRS: Unified Parkinson’s Disease Rating Scale;  UPDRSm: Unified Parkinson’s Disease Rating Scale, motor section; AP: antero-posterior; ML: medio-

lateral; COP: centre of pressure; COM: centre of mass; COG: centre of gravity;  LOS: limit of stability; ON: “ON” medication state; OFF: “OFF” medication state; EC: eye 

closed; EO: eye opened; M and P: magnitude and precision of effects; APA: anticipatory postural adjustment; BBS: Berg Balance Scale; FRT: functional reach test; NS: not 

stated; EMG: electromyography; GN: gastrocnemius muscle; TA: tibialis anterior muscle; SO: soleus; CDP: computerized dynamic posturography; SOT: sensory 

organization test;  *: Age of IPD participants. 
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Table 4. 2 Characteristics of the studies rated as of low quality. 

First 

author 

Year 

Study design 

Aim of the study 

 

Associative factor Postural 

stability 

measure 

Sample size 

IPD / CS 
*Age: 

mean 

(SD) 

years 

Disease    

duratio

n  (SD) 

(range)            

years 

Disease 

Severity 

ON/OFF GATE  Score 

1- Validity                                                                 

2- Magnitude & Precision                              

3-Applicability 

OA: Overall Rating 

Findings 

Suarez et. 

al. 2011.379 

Cross-sectional 

observational 

study.  
To study postural 

control during 

changes in visual 
field. 

Vision – visual 

reality system – 

static visual filed 
and optokinetic 

stimulation. 

Static - 

COP and 

LOS (force 
platform).  

24 / 19 66.5  

(8.5) 

NS Boher 

Scale: 1 - 

2 

ON    

    

1- Low                 

2- Low                  

3- Low 
OA: Low 

Reduced vision increased 

COP sway (p=.00) and 

decreased LOS (p=.00). 

Wright et. 

al. 2010.363 

Cross-sectional 

observational 
study.  

To study the effect 

of axial kinesthesia 
and L-Dopa on 

postural control.  

 

Proprioception – 

perception of 
threshold and 

direction of 

perceived axial 
rotation. 

Dynamic 

(torsional 
axial 

rotational 

device). 

12 / 14 66   

(11) 

9.8               

(4-18) 

Mean 

H&Y:  2.5    

ON/OFF 

 

1- Low                 

2- Moderate         
3- Low 

OA: Low 

IPD group: Decreased 

accuracy of direction 
axial twisting in hip 

(“ON”: 81%, “OFF”: 

91%, CS: 96%). Higher 
perception threshold in 

“ON”: hip (p<.01) and 

trunk (p<.05). 

Tagliabue 

et. al. 

2009.257 

Cross-sectional 

observational 

study.  
To study postural 

control during a 

pointing task. 
 

Vision and 

proprioception – 

pointing to a target 
with eyes open and 

closed. 

Dynamic - 

COM 

(motion 
analysis 

system). 

10 / 10 61  

(7) 

11        

(2-18) 

H&Y: 2 - 

4               

OFF  

 

1- Moderate                  

2- Low                 

3- Low 
OA: Low 

IPD group: Reduced 

COM displacement 

during a pointing task 
with EC (p<.01) but no 

difference in control 

group. No sig. correlation 
of these results with 

UPDRS and H&Y scores. 

Al-Zamil 

1996.360 

Cross-sectional 

observational 

study.  

To study sensory 

integration in  
standing on 

balance control 

Sensory 

organisation  - 

SOT. 

Static – 

CDP (force 

platform). 

15 / 15 70  

(12.2) 

NS NS OFF 

 

1- Low                 

2- Low                 

3- Low 

OA: Low 

Lower composite score of 

SOT (p<.05). The lower 

scores were in vestibular 

input. 

Aruin et. al. 
1996.104 

Cross-sectional 
observational 

study.  

Anticipatory 
postural adjustment 

- EMG. 

Static - 
COP (force 

platform). 

4 / no CS          65   
(3.3) 

8               
(1-12 ) 

H&Y: 4 ON 
 

1- Low                 
2- Low                 

3- Moderate 

OA: Low 

Anticipatory postural 
adjustments were similar 

in IPD and controls on 
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To study 

magnitude of 

preparatory and 
voluntary 

responses  

During 
perturbation. 

two different initiation 

tasks. 

Lee et. al. 

1995.358 

Cross-sectional 

observational 
study.  

To study postural 

mechanisms of  
instability 

Anticipatory 

postural adjustment 
–  EMG 

Static - 

lateral leg 
raising - 

COP (force 

platform). 
 

5 / 4 65 9               

(2-18) 

H&Y: 1 - 

4                   

ON 

 

1- Moderate               

2- Low                 
3- Low 

OA: Low 

Defect in sequence of 

events during lateral leg 
raising in severe IPD, 

affected time adjustment, 

COP time and amplitude 
(EO: p<.01, EC: p<.01). 

  

Bazalgette 

et. al. 
1987.380 

Cross-sectional 

observational 
study.  

To study postural 

responses to 
voluntary 

movement. 

 

Anticipatory 

postural adjustment 
–. EMG and 

accelerometer 

Dynamic - 

simple 
reaction 

time task. 

18 / 5 60 NS NS ON 

 

1- Low                  

2- Low                 
3- Low 

OA: Low 

IPD group: Timing 

between voluntary 
movement and the APA 

was not specific to the 

voluntary task and 
anticipated in only 5% of 

IPD, while 100% in 

controls (p<.01). 

Rogers et. 

al. 1987.385 

Cross-sectional 

observational 

study.  
To study postural 

muscle responses 

to perturbation. 
 

Anticipatory 

postural adjustment 

– EMG 

Dynamic - 

visual 

reaction 
time and 

self-paced 

rapid arm 
flexion 

movements 

9 / 9 72 NS H&Y: 2 - 

3           

OFF 

 

1- Low                 

2- Moderate         

3- Low 
OA: Low 

IPD group: Recruitment of 

postural muscles less 

frequent, shorter duration 
and with multiple EMG 

bursts. 

Alexandrov,
et. al. 

1998.375                   

Cross-sectional 
observational 

study.  

To study joint 
motion during 

postural 

perturbation. 

Anticipatory 
postural adjustment 

motion analysis 

system. 

Dynamic – 
forward 

and 

backward 
upper 

trunk 

bending - 
COG 

(force 

platform). 

10 / 7 62  
(5.2) 

14               H&Y: 3 - 
4                 

ON/OFF 
 

1-Moderate                  
2- Low                 

3- Low 

OA: Low 

Twice increased angular 
variance in IPD (p<.01). 

Variable and inappropriate 

set of joint angles caused 
shifting of COG (p<.05), 

especially backward. 

Kinematic synergy was 
generally intact.   

 

Dietz et. al. 
1993.356 

Cross-sectional 
observational 

study.  

To study timing 
and amplitudes of 

Anticipatory 
postural adjustment 

- motion analysis 

system and EMG. 

Dynamic –
walking on 

a treadmill. 

 

3 groups:     
IPD=18    

Older 

CS=15 

59 NS NS ON 
 

1- Moderate                 
2- Low                 

3- Low 

OA: Low 

IPD group: used flexors of 
leg muscles instead of 

extensor muscles to 

maintain balance and 
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postural muscle 

adjustments. 

Young 

CS=14 

could not maintain 

balance with eyes closed. 

Termoz et. 

al. 2008.148                             
Cross-sectional 

observational 
study.  

To study the 

impact of stooped 

posture on postural 

control. 

Stiffness - motion 

analysis system.  

Static – 

COP (force 
platform). 

3 groups:        

PD=10  
Older 

CS=10  

Young 

CS=10 

 

60 6                            

(1-10) 

H&Y:                 

2.5 - 3   

OFF 

 

1- Low                  

2- Moderate         
3- Low 

OA: Low 

During standing with side 

by side feet, the postural 
control were similar in all 

3 groups, but during half 

tandem standing PD had 

less root mean square 

amplitude in hip and ankle 

muscles and adopted to 
stooped. 

Hayashi et. 

al. 1997.249 

Cross-sectional 

observational 

study.  
To study EMG 

activity of leg 

muscles and 
postural reflexes 

during for 

standing. 

Reflex control 

EMG.  

Static – 

COP (force 

platform).  

13 / 13 57 7                    

(2-14) 

H&Y: 1 - 

3              

ON 

 

1- Moderate                 

2- Low                 

3- Low 
OA: Low 

IPD group: range of centre 

of foot displacement was 

smaller in leaning forward 
position (p<.01). Results 

indicated that the 

modulation of tonic and 
phasic stretch reflex of 

soleus muscle during 

standing in IPD group 

were impaired. 

Schieppati 

& Nardone, 
1991.378 

Cross-sectional 

observational 
study.  

To study muscle 

response to 
perturbation in 

static and dynamic 

stance. 

Reflex control -

EMG. 

Static – 

COP (force 
platform). 

31 / 25 68  

(7.2) 

7                

(0.5-17) 

Webster 

Scale: 4 - 
20           

ON 

 

1- Moderate                 

2- Low                 
3- Low 

OA: Low 

IPD group had more 

difficulty supressing the 
medium-latency burst of 

GN lateralis and the long-

latency burst TA during 
dynamic stance.  

Bosek et. al. 

2005.84 

Cross-sectional 

observational 

study.  
To study disease 

and age-specific 

stochastic muscle 
changes on COP 

dynamics. 

Age.  Static – 

COP (force 

platform). 

3 groups:  

IPD=22  

Older 
CS=23  

Young 

CS=40 
 

65 NS NS NS 

 

1- Moderate                 

2- Low                 

3- Low 
OA: Low 

Increased random muscle 

activity in both PD and 

older adults with EC 
during quite standing, 

older adults can modulate 

this activity but PD did 
not. 
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Ebersbach 

et. al. 

2002.376   

Cross-sectional 

observational 

study.  
To study the 

effects of cerebral 

vascular pathology 
on postural sway. 

Cerebro-vascular                  

co-morbidity. 

Static – 

COP (force 

platform). 

40 / 30 61 6  

(4.4) 

Mean 

UPDRS: 

16.6 

ON 1- Moderate                

2- Low                 

3- Low 
OA: Low 

Encephalopathic vascular 

co-morbidity increased 

postural instability (p=.01) 
by causing more sway 

especially in static stance.  

IPD: Idiopathic Parkinson’s disease; PD: Parkinson’s disease; CS: control subjects; SD: standard deviation; H&Y: Hoehn and Yahr staging of PD; ;OA: over all; APA:  

anticipatory postural adjustment; ON: “ON” state of medication; OFF: “OFF” state of medication; EC: eye closed; EO: eye open; Precision: precision of effects; COP: 

centre of pressure; COM: centre of mass; COG: centre of gravity;  CDP: computerized dynamic; SOT: sensory organization test; UPDRS: unified Parkinson’s disease 

rating scale; NS: not stated; EMG: electromyography; GN: gastrocnemius muscle; TA: tibialis anterior muscle; Sig: significant. 
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4. 4 Discussion 

This systematic review investigated factors contributing to or impacting on postural 

instability in IPD and the strongest evidence for these factors. Of the 57 studies identified, 42 

were rated overall as being of moderate-to-high quality. In these moderate-to-high quality 

studies, a number of contributing factors were investigated and these were broadly 

categorised as: (1) sensory dysfunction (n=12), (2) abnormal postural response patterns 

(n=11), (3) bradykinesia (n=2), (4) stiffness (n=7), (5) reduced cognitive function (n=5), and 

miscellaneous factors (n=5). 

 

Eight studies reported that participants with IPD had reduced stability during visual 

deprivation conditions in comparison to control participants. Only one study [258], reported 

no changes in postural stability during visual manipulation in either the IPD or the control 

group. Participants in this study [258] had similar characteristics to those in the other seven 

studies; however, the study had a small sample of 12 participants (IPD=6; controls=6) and 

was rated of moderate quality, which may account for its contrasting results. Two studies [5, 

18] investigated the possible role of vestibular dysfunction on postural stability using 

posturographic evaluation with the SOT and had varying results. Rossi et. al. [5] reported 

worse postural stability in IPD (p< .002) than controls during the vestibular function test, 

whereas Nallegowda et. al. [18] found no significant differences between groups. It is notable 

that participants in the latter study [18] were younger (mean age 58 years) than in the former 

study [5] (mean age 72 years), although there were no differences in severity and duration of 

the disease between the two study cohorts. The Rossi et. al. study was rated of high quality, 

and the study by Nallegowda et. al. [18] of moderate quality. Colant-Coulobois et. al. [365] 

found that participants with IPD had greater difficulty in controlling sway in more complex 

sensory conflicting task (p<.001) than control participants. In the Kamata et. al. [254] study, 

rated as of moderate quality, participants with IPD overestimated their perceived limits of 

stability and developed overestimation of stability limits in parallel to their disease 

progression; postulated by the authors to be due to disturbed spatial ability as participants did 

not present with cognitive dysfunction. From these findings it would appear that there is 

evidence that vision is of greater importance in maintaining stability in people with IPD than 

in control participants, but it was not clear whether this visual dependence is due to 

compromised vestibular function or peripheral sensation.  
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Studies that focused on patterns of postural responses to postural perturbation reported altered 

patterns of postural responses (either anticipatory or reactive) in people with IPD compared 

with control participants; responses were slower, of reduced amplitude, and varying in pattern 

of muscle activation. It appeared that people with IPD had reduced ability to adapt the body 

to changes in static or dynamic postural conditions. Although these studies were reasonably 

similar with regards to age and level of severity of IPD, they were all rated as of moderate 

quality, mostly due to their small sample sizes (IPD = 6-13; control = 7-14). This limits the 

inferences that can be made regarding the altered and inflexible patterns of postural responses 

to postural stability, but emphasises that further research to investigate this factor with more 

robust samples sizes is warranted.  

 

It was difficult to tease out from the above studies the role bradykinesia had on patterns of 

postural responses. Although Latash et. al. [256] aimed to study anticipatory postural 

adjustments in relation to bradykinesia, these authors concluded that people with IPD had 

changed anticipation, as opposed to no or delayed anticipation, in preparation for voluntary 

movement and that this was unrelated to bradykinesia. One study (reported in two papers) 

Matinolli [154, 373] specifically compared bradykinesia (as measured by the UPDRS) with 

clinical measures of balance (TUG and sway measured with an inclinometer) and found a 

significant low to moderate correlation (r=.24-.56). This study was rated of high quality and 

had a large sample of 120 people with IPD.  

 

Seven studies [9, 367, 375, 386, 389, 392, 393] reported that increased axial rigidity, co-

contraction of trunk and lower limb muscles, and spinal inflexibility all significantly reduced 

postural stability in people with IPD compared with control participants. These studies were 

rated of moderate quality limiting the inferences that can be made. Their findings suggest that 

in people with IPD the body ‘stiffens’ in response to postural perturbation, which may lead to 

reduced postural stability.  

 

The findings on the effect of cognitive dual tasking on postural stability are equivocal and 

although no definitive conclusions can be made, it appears that complex cognition tasks may 

make it more difficult for people with IPD to maintain postural stability. Morris et. al. [16] in 

a study rated of high quality, reported no significant difference with the addition of a 
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cognitive task, however, the complexity of this cognitive task may not have been sufficiently 

challenging to cause postural instability. Holmes et. al. [14] found that performing a cognitive 

task (reciting a monologue) whilst standing significantly reduced sway and the authors 

suggested that participants with IPD over-stabilised their posture in order to concentrate on 

the cognitive task. Conversely, Marchese et. al. [15] reported that performing a cognitive task 

(counting backwards aloud in multiples of three) significantly increased sway. The cognitive 

task used by Marchese et. al. [15] could be considered more complex than those used in the 

studies by Holmes et. al. or Morris et. al., possibly explaining the differing results. Further 

differences can be explained by the measures of postural stability; Morris et. al. [16] used 

dynamic responses to voluntary movement as a measures of postural stability, whereas the 

other two studies used computerised posturography to measure centre of pressure 

displacements in static stance. Nocera et. al. [377] suggested a prioritisation of the motor task 

over the cognitive task during dual task paradigms that included a purposeful movement (in 

this case, gait initiation).  

 

One study [17] rated of moderate quality reported that reduced dorsolateral frontal (cognitive) 

function accounted for 13 to 20% of the increase in postural sway in people with early to 

moderate IPD. The connections between the dorsolateral prefrontal cortex and the basal 

ganglia are suggested to cause working memory deficits in people with IPD. The authors 

suggested that postural stability in people with IPD may reduce as cognitive function 

declines; however, this study was a preliminary investigation and further research in this area 

is warranted [17]. 

 

In the miscellaneous category, a study suggested that L-dopa therapy induced dyskinesia and 

significantly increased sway (p<.001) in people with advanced IPD, although this study was 

rated as being of high quality, its small sample size (n=11 participants with IPD, 12 controls) 

reduced the inferences that can be made from its findings. It would appear that hypotension 

may well impact on stability in IPD, evidenced by the findings of one study [13] rated of high 

quality, investigating 120 participants with IPD. Paul et. al. [387] demonstrated an 

association of  lower limb muscle power performance with balance and mobility tasks (7-

33%), however, the cohort tested had a wide range of duration of IPD (0.2-30 years) and 

Hoehn and Yahr stages (stages 1-4), and no control group was included [387]. Although 

tremor may be implicated in reducing postural stability, the small sample size of the study 
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[84, 376] reporting these findings and its moderate quality rating reduce the conclusions that 

can be made.  

 

The findings from this systematic review are not dissimilar to those of previous narrative 

reviews [121, 369]. Bloem et. al. [121] summarised factors contributing to postural stability 

in IPD as being disturbed postural reflexes and poor control of voluntary movement. These 

authors also identified additional factors as dyskinesia, orthostatic hypotension, gait 

abnormalities, muscle weakness and possible changes to sensory function. However, Bloem 

et. al. [121] did not systematically review the literature or critique the quality of referenced 

studies. Nutt et. al. [369] summarised similar findings and suggested that postural instability 

may be due to multiple and concurrent abnormalities in the mechanisms controlling posture. 

 

Multiple factors appear to contribute, through complex interactions to postural instability in 

IPD; and maintaining stability is a complex motor task requiring the co-ordination of many 

systems [61]. A further factor contributing to the confusion in identifying specific 

contributors is that it is difficult to dissect what factors are a result of the pathophysiology of 

Parkinson’s disease and what factors are compensatory mechanisms. [356]. As can be seen in 

this review, many studies included were small cross-sectional exploratory studies, the 

outcomes of which are speculative as opposed to conclusive.  

 

An extensive search strategy to identify studies for this review was used; however, the 

findings may be limited as there is a chance that not all relevant literature was located. To 

prevent this review from becoming unmanageable, studies that focussed on parameters of gait 

rather than on the evaluation of postural instability were excluded, and this may have 

impacted on the findings. It is acknowledged that balance and gait are intricately intertwined 

and to exclude studies which evaluated gait may seem artificial, but this body of literature is 

large and well beyond the scope of one systematic review. 

 

In this review, studies were excluded that reported on surgical interventions, such as 

pallidotomy, and medical interventions, such as dopaminergic replacement therapy, which 

may have been illuminative in suggesting areas of neural dysfunction related to postural 

instability [357]. Furthermore, the GATE tool was used to rate the quality of identified 

studies, and the review then concentrated on those studies considered (by use of this tool) to 
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be of moderate to high quality; only seven of 57 studies were rated of high quality. As the 

GATE criteria are known to be stringent, another quality rating tool may have less rigorously 

evaluated the included studies, which could compromise the quality of the studies rated as 

low quality. In a number of the studies identified in this review small numbers were recruited 

and participants were in different stages of the disease and had variable degrees of motor 

symptoms. All included studies had a cross sectional design. They compared postural 

stability between participants with IPD and control participants, described their complex 

findings in detail and then extrapolated the reasons for instability seen in the IPD groups, as 

opposed to investigating a specific cause and effect with a cohort design. This made the 

review complex, as no specific associations could be made, resulting in the broad 

categorisations of contributing or impacting factors presented in the review. Due to the 

diversity of measures used to evaluate postural stability and balance and the heterogeneity of 

the factors investigated, a formal meta-analysis of the results of these studies was not 

possible. 

 

4. 5 Conclusion 

While a number of reviews have reported and discussed the factors contributing to or 

impacting on postural instability in people with IPD, none has critically evaluated this 

literature and reported on the quality of the studies underpinning the findings. The novel 

finding of this review is that although postural instability can still be considered as a highly 

complex interplay of many factors, five factors were reported by studies rated of high quality 

to significantly impact on postural stability in IPD, namely, dysfunction in sensory 

reorganisation, bradykinesia, abnormal postural response patterns, L-dopa induced 

dyskinesia, and hypotension. Very few studies investigated the role of muscle strength and 

postural instability. Cognitive impairment may affect postural instability, but the reported 

findings for this are ambiguous at present. However, as all studies were cross-sectional in 

design, no conclusions on which factors most likely affect postural stability can be made.  

The obtained information from this study about the multiple contributing factors for postural 

instability in IPD may be able to direct the development of intervention programme to 

improve postural stability and hence prevent falls. 

 

The next chapter of this thesis describes the method of Study 2.
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CHAPTER 5 METHOD 

 

Introduction                        

This chapter details the methods used in study 2. 

 

5. 1 Study Design 

Study 2 used a cross-sectional study design to compare people with idiopathic Parkinson’s 

disease (IPD) to an age and sex-matched healthy control group. In addition, falls experienced 

over a six month period were then prospectively collected. 

  

5. 2 Ethical Approval  

Approval for this research was obtained from Lower South Regional Ethics Committee 

(reference number: LRS/10/10/047) (Appendix B1). All participants provided signed 

informed consent and were advised they could withdraw at any time. 

 

5. 3 Participant Recruitment 

A broad recruitment strategy was used. Participants with IPD were recruited over eleven 

months during 2011 via the Neurology Department of the Dunedin Hospital, the Parkinson 

Society of New Zealand (Inc.) (Otago Division), and from community-based exercises 

classes. To recruit both IPD and control participants, advertisements inviting participants 

were placed in local newspapers and on local radio and TV, and invitation posters and 

brochures were sent to general practitioners, private physiotherapy clinics, and organisations 

serving older adults, such as Age Concern and public libraries. Interested volunteers were 

asked to contact the School of Physiotherapy’s research coordinator who provided them with 
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study information sheets (Appendix B3). Patients’ spouses or caregivers (if of a similar age) 

were also invited to participate as control participants.  

The research clinic then telephoned each interested participant to confirm interest and check 

eligibility for participation in the study using an eligibility check list (Appendix B2). Later, 

the research student (“the researcher”) checked each participant’s cognition with a self-

reported questionnaire for cognitive function using Item 1.1 of the Movement Disorders 

Society - Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) to ensure this eligibility 

criterion was met. According to the literature reviewed in the discipline and consultation with 

the statistician, the plan was to recruit a convenience sample of 60 participants with IPD and 

a similar number for the control group (Figure 5.1). 

Usually, when investigating the relationship between variables using regression analysis, it is 

suggested that 10 participants are required for each variable placed in the mode [453]. As this 

was (1) an exploratory study and (2) the sample size had to be based on what was 

pragmatically feasible to recruit in Dunedin (personal communication with the field officer 

and the President of the Otago Branch of the PD Society), it was decided that the sample size 

would be based on the five postural stability variables. With an expected standard deviation 

of 0.5 for the postural stability outcome measures in this study, it was estimated that 63 

participants for each group (IPD and controls) would be needed at 80% power and an alpha 

<.05.  
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Figure 5. 1 Participants' recruitment process 
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5. 4 Inclusion Criteria for Participants 

5. 4. 1 Inclusion Criteria for Participants with Idiopathic Parkinson’s Disease 

1. A diagnosis of IPD, confirmed by the participant’s general practitioner or by the study 

advisor, who is a senior neurology consultant at the Dunedin Hospital. 

2. Although the stage of the disease, duration, and severity were not eligibility criteria, 

participants had to be able to perform the measurement tests independently with or 

without assistive mobility devices. 

3. Either sex. 

4. Age over 40 years. (IPD is rarely seen in those aged under 40 years [68], and further 

recruiting people over 40 years of age reduced the chance of people with other types or 

secondary forms of Parkinsonism volunteering). 

5. 4. 2 Exclusion Criteria for Participants with Idiopathic Parkinson’s Disease 

1. People with types of Parkinsonism other than IPD. 

2. Participants who were unable to undergo the measurement tests safely due to cognitive or 

physical disability, or significant co-morbidity. 

3. Had a concurrent neurological disorder. 

5. 4. 3 Inclusion Criteria for Control Participants 

1. Participants had to be age-matched to the participants with IPD. 

2. Participants had to consider themselves (by telephone interview) to be sedentary or only 

slightly physically active. 

3. Participants who were able to undergo the measurement tests independently and safely, 

with or without assistive mobility devices. 

5. 4. 4 Exclusion Criteria for Control Participants 

1. Participants who were unable to undergo the measurement tests safely due to cognitive or 

physical disability, or significant co-morbidity. 

2. Participants who were athletes, or currently performing regular vigorous exercise on a 

daily basis. 
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3. Participants with any known neurological disorder. 

 

5. 5 Study Setting 

Testing took place at two venues on two separate occasions. The first test visit was at the 

research laboratories of the Centre for Health, Activity, and Rehabilitation Research in the 

School of Physiotherapy at the University of Otago for testing balance (the posturographic 

Equitest and the clinical tests, isokinetic muscle strength, and completing demographic data 

and the motor section of MDS-UPDRS). The second test visit was at the Department of 

Medicine DXA-scan laboratory on the 9th floor of Dunedin Hospital, to undertake the DXA-

scan to examine body composition (Figure 5. 2). 

 

5. 6 Procedure  

Interested participants meeting the study eligibility criteria were posted a package that 

contained the study information sheet (Appendix B3), a study consent form (Appendix B4), a 

demographic data questionnaire (Appendix B5), the Activity-specific Balance Confidence 

Scale (ABC) (Appendix C1), and the Rapid Assessment Physical Activity questionnaire 

(RAPA) Scale (Appendix C2). Participants were asked to complete the questionnaires at 

home and sign the consent form, and bring these with them to their first test session.  

Instructions for the testing sessions (e.g. suggestions of suitable clothes and shoes to wear, 

instructions to bring a list of their medications with them and their reading glasses (if 

necessary) were also included in the package sent. The participant was given an appointment 

for each of the two visits. The first one was for the research laboratories, so that the 

participant’s balance and strength tests could be tested.  The researcher (ADK) undertook all 

testing procedures at the first visit. The second visit for the DXA-scan, the hospital DXA-

scan technician conducted the test. 

5. 6. 1 The First Visit 

At the first visit the researcher checked all the questionnaires to ensure they were fully 

completed and collected the signed consent form. The researcher explained the procedure to 
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the participant and answered any queries the participant had. The researcher also recorded the 

participant’s medications and when they had last taken their medications to confirm that 

participants with IPD were in an “on” state of medication (by performing the required tests 

one hour after taken their Parkinson’s medication). For those with IPD all tests were 

performed during the “on” state of drug therapy. 

The participant’s weight and height were measured using an electronic digital scale and a 

wall mounted scale, respectively. From these measurements the body mass index (BMI) was 

calculated [mass (kg)/height2(m)].  

The following tests were then performed:  the sensory organisation test (SOT) and the motor 

control test (MCT) using the EquiTest©, isokinetic muscle strength with the Biodex® System 

3 dynamometer (Biodex® Corp., Shirley, NY), and three clinical measures of postural 

stability, the basic TUG test (TUG B) and the cognitive TUG test (TUG H - by naming the 

days of the week backwards), and the Step Test. The degree of severity of IPD was assessed 

with participants with IPD using the MDS-UPDRS. Participants were then provided with a 

six month falls diary and an explanation of what to do. The procedures for these tests are 

described below. Tests were always performed in the same order for all participants, as 

shown in Figure 5.2 below. 

5. 6. 2 The Second Visit 

The second visit was to the DXA scanner (DXA; Lunar DPX-L scanner GE LUNAR Corp; 

Madison, WI) located at the Dunedin Hospital. The procedure for obtaining the DXA scan 

took around 15 minutes, depending on the height and weight of the tested participant.  

  

 

 

 

 

 



 

 

89 

 

 

 

5. 7 Tests 

5. 7. 1 Computerised Dynamic Posturography 

The computerised balance tests were measured with the NeuroCom® Smart EquiTest® 

version 8.4.0. It is operationalised by NeuroCom® International Inc. Participants were tested 

with the SOT and MCT. In the SOT, the equilibrium and strategy tests were used to measure 

balance integrity and the coordination of the sensory input for maintaining standing balance 

in different circumstances. Before starting the tests, an explanation of the procedure was 
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provided to each participant. The participant was then assisted into a safety harness. The 

researcher assured each participant that he was standing directly behind him/her during the 

testing procedure for either assisting and/or stopping the device in case of an imminent fall. 

5. 7. 1. 1 Sensory Organisation Test (SOT) 

The individual was assisted to stand in the correct position on the force plate of the 

NeuroCom® Smart EquiTest® facing the visual surround. The safety harness was attached to 

the frame above the participant and adjusted to ensure it was tight enough to avoid injury 

should the individual fall, but loose enough to permit balance responses to occur without help 

from the harness. The participant was instructed to stand comfortably with their feet a set 

distance apart calculated according to the participant’s height. The participant was then tested 

on each of the six conditions of the SOT (as described in Chapter 3). 

5. 7. 1. 2 Motor Control Test (MCT) 

At the completion of the SOT the participant remained standing in the same and was then 

tested with the MCT as described in Chapter 3. 

5. 7. 2 Timed Get Up and Go Test (TUG) 

The test was explained by the researcher who also demonstrated it for each participant as a 

practice trial. Participants were asked to stand up from sitting on the verbal instruction of 

‘start’ and to walk at a preferred pace to a cone located on the ground 3m from the chair, to 

turn at the line, return to the chair and to sit. Timing was commenced from at ‘start’ by the 

researcher  and ended when the participant returned to sitting on the chair. In this study, two 

types of TUG were used: the basic test and the high cognition dual task test. The basic one 

(TUGB) was performed without any concomitant (dual) cognitive task, while the second test 

was performed with concomitant high cognitive dual task (TUGH), which was reciting the 

names of the days of the week backward in a way that could be clearly heard by the 

researcher. 
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5. 7. 3 Step Test 

Participants stood unsupported with the feet parallel and 10cm apart from each other. A 

wooden step was placed 5cm directly in front of the feet. The wooden step was 7.5cm high, 

30cm deep, and 41cm wide. Participants were instructed to put their whole right foot on the 

step, and then bring it back to the ground as quickly as possible. The researcher counted how 

many complete steps were performed in 15s, timed with a stopwatch. The test was repeated 

for both legs. The researcher first explained and demonstrated the test for participants, then 

stood close by the side of each participant to ensure the participant’s safety whilst they 

performed the test. All participants performed the test once only with each leg. The test 

ceased if a loss of balance occurred. The number of completed steps up until this point was 

recorded.  

5. 7. 4 Biodex System 3 Isokinetic muscle testing 

The procedure was fully explained by the researcher to the participant before they were 

positioned and comfortably strapped into the chair of the Biodex system 3 with hips and 

knees positioned in 90 degree/ second (º/s) flexion. The resistance pad was attached to the 

lever arm firmly secured at the lower part of the tibia proximal to the malleoli. The axis of 

alignment for the power head shaft with the participant’s axis of rotation was adjusted 

properly. Gravity adjustment according to the manufactured instructions was performed. 

Range of motion was set between 0 and 90 º/s of extension with the utilisation of mechanical 

stop. 

The researcher then set the computer and entered the required information for each 

participant before measuring the anatomical zero with the knee in full extension and 

anatomical 90º with the knee flexed at a right angle. 

Peak torque, total work, and average strength of the quadriceps and hamstrings muscle 

groups were tested in both legs. The isokinetic muscle strength protocol consisted of a warm-

up and tests at two angular velocities, 60 and 90 degree/ second. The test started on the right 

side, and the velocity of the test was set at 10rpm with a 10s rest between the tests. The same 

procedure was applied during tests for both sides for knee extension/flexion. The order of 

testing remained constant across all assessments and between all participants and 
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standardised instructions were given. All the tests were done for concentric knee joint muscle 

strength, and results were expressed as peak torque/body weight, time to peak torque, and 

total work at each angular velocity in Newton metres for each repetition. The knee unit was 

used for flexion-extension concentric-concentric strength, chosen for its relevance to 

functional daily activities, such as standing from a chair. 

5. 7. 5 Activity-Specific Balance Confidence Scale (ABC Scale) 

The ABC Scale [328, 333] was included with the other questionnaires in the package sent 

during the recruitment procedure.  For the questionnaire participants were instructed that if 

they did not normally perform the activity in question, they were to imagine their confidence 

level if they tried to achieve the activity. If the participant normally used a walking aid or any 

assistance to perform the activity, they were asked to rate their confidence as if they were 

using these instruments. 

Participants were provided with an enlarged version of the scale for easy reading. The last 

item (item number 16) of the ABC scale was modified to meet the New Zealand terminology, 

namely “sidewalks” was replaced by “footpath”. 

5. 7. 6 Rapid Assessment Physical Activity Scale (RAPA) 

Similarly, this questionnaire was included in the recruitment package. At testing, the 

researcher checked the questionnaire was fully completed. The total score of the RAPA was 

used in the analysis process [343]. 

5. 7. 7 The Movement Disorders Society Unified Parkinson’s Disease Rating Scale 

The MDS-UPDRS was used to investigate the severity and staging of Parkinson’s disease. 

Participants with IPD completed parts IB and II of the scale prior to testing, having received 

the questions in the recruitment package. Following the computerised balance testing, whilst 

the participant had a rest, the researcher checked that all the self-reported questions had been 

answered. The researcher (who was trained in the use of the scale) then arranged for each 

participant to complete parts 1A of non-Motor Experience of Daily Living (nM-EDL) and III 

(motor section) of the MDS-UPDRS as per the scale’s instructions. The Total score was then 

calculated. 



 

 

93 

 

5. 7. 8 Dual energy X-ray absorptiometry  

Dual energy X-ray absorptiometry (DXA; Lunar DPX-L scanner GE LUNAR Corp; 

Madison, WI) was used to measure whole body and regional body composition (lean mass 

and fat mass, bone mineral density was not assessed in this thesis). The machine was 

calibrated by the technician as per the manufacturer’s protocol. The participant’s height and 

weight without shoes and wearing minimal clothes were measured and the technician 

positioned each participant on the scanner bed according to the manufacture instruction of 

position (head-to-toes and anterior-posterior). The anthropometric measurement of the 

sagittal abdominal diameter was used to accurately determine body thickness. The system 

was able to use a medium or slow speed whole body scan according to the obtained sagittal 

abdominal diameter. Medium speed scans usually took 20 minutes, while slow speed scans 

took about 40 minutes for those who have above 27 cm of sagittal abdominal diameter [181]. 

In this study, whole body and regional soft tissue (lean mass and fat mass) contents were 

measured. Percentage body fat was measured as total fat mass divided by total fat mass plus 

lean mass plus total BMC x 100/1 as detailed by Taylor et. al. [394]. The appendicular 

skeletal muscle index (ASMI) was derived by dividing the sum of lean mass in the arms and 

legs (Appendicular skeletal muscle (ASM)) in kg divided by height (metres) squared.   

The body composition phenotype ( Normal lean (NL), Sarcopenic (SS), Obese (OO), and 

Sarcopenic-obese (SO)) of each participant, based on fat and lean mass, was determined 

using the criteria for determining body composition phenotypes recommended by 

Baumgartner et. al. [189]. This classification defines sarcopenia as ASMI Index < 7.26 and 

less than <5.4 for male and female respectively. Obesity was defined as ≥ 28% of fat for 

males and ≥40% of fat for females. Presence of sarcopenia means the ASMI is less than 2SD 

of average value of normal young age group. [395] 

5. 7. 9 Prospective Fall Data 

Fall data were collected prospectively for six months using monthly calendars from time of 

testing. All participants received six month diaries, after performing the required tests at the 

first visit, in which they were requested to record every fall and number of falls they had for 

each month. The fall diary was started with the first day of a new month after performing the 
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tests. Each month’s diary had to be returned at the end of the month in a prepaid, addressed 

envelope, even if they had not fallen and thus had no falls recorded on their calendar. If a 

participant failed to return their monthly fall diary, the researcher phoned the participant to 

remind them and/or collected fall data over the phone.  

The researcher phoned every participant who recorded a fall or multiple falls to collect 

information about the fall using a standardised fall data collection sheet (Appendix B6). The 

researcher discussed the circumstances of each fall. This process continued for six months, so 

six diaries were received from each participant.  

 

5. 8 Data Analysis 

5. 8. 1 Data Collection and Recording 

The collected data were entered into a Microsoft excel sheet, either manually or electronically 

depending on the data format. The data were then examined for correctness and 

completeness. Once the data in the Excel spread sheet were deemed to be clean, the complete 

data were transferred into SPSS statistics computer programme for statistical analysis (SPSS, 

version 21, IBM Inc., Chicago, IL). The isokinetic muscle strength parameters were averaged 

between right and left extremities. Averaging was recommended because there was high 

correlation between the two sides of knee muscle strength (r<.80) and there was weakness on 

both sides in most IPD participants, which is consistent with previous research reporting that 

the strength in people with IPD is reduced bilaterally [46, 282]. 

5. 8. 2 Measurement Data Used in the Statistical Analysis 

The following data were used in the statistical analysis for both IPD and control group for 

comparison:  

 SOT: the composite score of the equilibrium score and the composite strategy score from 

the six sensory conditions of the SOT.  

 MCT: the response time since perturbation measured in milliseconds for the medium and 

large force platform translational movements in the MCT (latency score).  
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 TUG: time taken in seconds to complete the TUG, both with (TUG) and without the 

superimposed cognitive task (TUGH).  

 Step Test: the number of steps taken in 15 seconds for each leg.  

 Biodex muscle testing: peak torque/body weight, time to peak torque, and total work for 

both the hamstrings and the quadriceps muscles at two angular speeds in degree/ second 

(º/s), 60º/s and 90º/s.  

 ABC Scale: each item of the ABC Scale is rated from 0% (no confidence) to 100% 

(complete confidence). The overall score was calculated by adding the item scores and 

then dividing by the total number of items and used in the analysis process.  

 RAPA: the total score resulting from the addition of RAPA1 and RAPA2 items.  

 Self-reported falls: total number of fallers and falls for six months. 

 MDS-UPDRS: the total score derived by summing the four sections of the scale and 

motor section to determine the severity of the disease.  

 Body composition phenotypes:  percentage of FM, total body lean, appendicular lean and 

appendicular lean mass. Appendicular skeletal muscle index was calculated to obtain the 

four body composition phenotypes (SS, SO, NL, O). 

5. 8. 3 Statistical Test 

The criterion for statistical significance was set a priori at <.05 for all tests. All statistical 

analyses were performed utilizing the IBM SPSS statistical version 21.0.  

5. 8. 3. 1 Descriptive Data Analysis 

Frequencies and percentages of distribution for both IPD and control participants for age, sex, 

and BMI were calculated. The severity and stages of the participants with IPD were analysed 

for the IPD group. Data from the balance and muscle strength tests, and body composition 

phenotypes were described in terms of mean, standard deviation, and CI.  

5. 8. 3. 2 Inferential Data Analysis 

The following tests were used to accept or reject the statistical hypotheses: 
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1. Preliminary analyses were performed to check violation for assumption of outliers, 

normality, linearity, singularity, homoscedasticity and degree of contribution by 

performing probability plots (P-P plot) and scatter plots for the outcome variables. 

2. The Student’s T-test was used to compare the means of the control group and the IPD 

group for each test variable. 

3. Pearson's correlation coefficients (r) tests were used to find the strength and direction of 

the relationship between each two variables of the variables between the postural 

stability, the muscle strength, and the body composition phenotypes, for conducting the 

regression analysis. The selection criterion for choosing variables for regression was 

based on the results of the correlation analysis and informed by variables used in 

previous published Parkinson’s disease research. 

4. Partial correlations controlling for sex, age and disease were also conducted to further 

explore these relationships. 

5. Hierarchical multiple linear regression was conducted first, but it was found to be 

unreliable and too dependent on theoretical assumptions made by the researcher. 

Therefore, a stepwise regression analysis was subsequently conducted. This analysis 

was performed to test the hypothesis that body composition would be associated with 

postural stability and muscular strength test variables. The correlation analysis 

determined the strongest predictors that explained the variance in six knee strength test 

and five postural stability test variables were sex, age, total body lean, total body legs 

lean, total body fat, percent body fat, and total body legs fat. These variables were 

entered into the final stepwise regression model. The strength and postural stability test 

variables were: peak torque/body weight knee extension 60°/s and 90°/s average; total 

work knee extension 60°/s and 90°/s average; time to peak torque extension 60°/s and 

90°/s; equilibrium composite score and strategy composite score (SOT); latency 

composite score (MCT); timed-up and go basic and high cognition tests; Step Test right 

side.  
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CHAPTER 6 RESULTS 

  

This chapter presents the findings of Study 2. The findings are organised into the following 

sections: Section 1: participant recruitment and characteristics; Section 2: results of postural 

stability tests - the Sensory Organisation Test (SOT), the Motor Control Test (MCT), the 

clinical postural stability tests (TUG, TUGH, and Step Test); Section 3: the Activity-specific 

Balance Confidence Scale (ABC), the Rapid Assessment of Physical Activity Questionnaires 

(RAPA), and six month falls follow-up of  falls; Section 4: the Biodex muscle strength tests; 

and Section 5: the body composition phenotypes (DXA scan). Each section is divided into 

descriptive and inferential statistics sections. Sections on the correlation and stepwise 

regression analyses are presented in the final part of this chapter.  

 

6. 1 Participant Recruitment and Characteristics 

Forty-eight participants with IPD volunteered for the study. One participant was not eligible 

due to not fulfilling the cognitive criteria. Hence, data were collected from 47 participants 

with IPD (male=27, female=20). Seventy-four control participants volunteered for the study, 

of whom 60 met the eligibility criteria (Appendix B2) and were tested. The remaining 14 

potential control participants did not engage in the study for a variety of reasons: the research 

centre could not contact potential participants (n=7), due to health problems (n=2), transport 

difficulty (n=1), and personal reasons (n=4). After matching IPD participants with the control 

participants by age, data for two non-aged matched control participants were subsequently 

not included in the analysis. Consequently, results from 58 age-matched controls (male=20, 

female=38) were eligible for analysis. 

Participant characteristics are presented in Table 6.1. The total number for the IPD and the 

control groups was 105. Most participants were of New Zealand European ethnicity (n =101, 

95.7%). Two participants in the IPD group were Māori and two participants from the control 

group were from the Middle East. There were three participants - one from the control group 

- who had mobility devices to assist walking, however, all participants performed the testing 

procedures without using their mobility aids. The mean (SD) age of IPD participants was 
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68.74 (9.08), range 46-86 years, and the control group was 68.09 (9.83), range 42-86 years. 

The majority of participants with IPD were in the age range 60 -70 years, n=20 (42%), and 

the majority of control participants were in the age range 70-80 years, n=25 (43%).  

 

Table 6. 1 Descriptive characteristics of the IPD and Control group  

 

Mean BMI was not significantly different (p=.25) between the IPD and control groups, and 

ranged from 19.76 to 40.03 and from 17.33 to 36.00 kg/m2 for the IPD and the control 

groups, respectively. There was no significant difference in mean BMI between males with 

IPD and their controls nor between the female groups (Table 6. 1). The mean (SD) and 

categorical classification of BMI for the IPD and the control groups is presented in Table 6.2. 

A small number of IPD participants (n=7, 14.89%) were in an advanced stage of the disease 

(stage III and IV of Hoehn and Yahr) and two of these participants were overweight (BMI≥ 

Demographic parameters 

Mean (SD or %) 

IPD  group Control group  

Male    

(n=27) 

Female 

(n=20) 

Total (n=47) Male        

(n=20) 

Female  (n=38) Total          

(n=58) 

Age Years (SD) 68.2   (9.8) 69.4   (8.2) 68.7   (9.1) 66.7  (11.6) 68.8 (8..8) 68.1   (9.8) 

Height cm (SD) 172.2 (5.2) 159.4 (6.5) 166.8 (8.6) 173   (7.8) 163  (7.8) 166.4 (9.1) 

Weight kg (SD) 77.3  (12.8) 72.1   (15.4) 75.1   (14.1) 77.3 (11.8) 69.6 (14.5) 72.3   (14) 

Body mass index kg/m2 (SD) 26.1  (4.3) 28.3   (5.7) 27.0    (5) 25.8  (3.18) 26.1 (4.9) 26.0   (4.5) 

Partnership Single (%) 6       (22) 4        (20) 10      (21) 2       (10) 4      (10) 6        (10) 

Married (%) 19     (40) 13      (27) 32       (68) 13      (65) 27    (71) 40      (68) 

Widow/er (%) 1       (2) 2        (4.2) 3         (6) 2        (10) 5      (13) 7        (12) 

Partner (%) 1       (2) 1        (2.1) 2         (4) 1        (5) 4      (10) 4        (7) 

Type of living Private home (%) 25     (53) 20      (42) 45       (97) 20      (34) 38    (66) 58     (100) 

Rest home (%) 1       (2) 1        (2.1) 2 .0      (4) 0        (0) 0       (0) 0       (0) 

Living 

companion 

Yes (%) 21     (44) 14      (30) 35       (74) 17      (29) 29    (50) 46    (79) 

No (%) 6       (12) 6        (12) 12       (25) 3        (5) 9      (15) 12    (20) 

Drinking 

habit (days) 

Daily (%) 2       (4) 0        (0) 2         (4) 1        (2) 3      (5) 4      (7) 

3-6/week (%) 4       (8) 4        (8) 8         (16) 3        (5.0) 8      (14) 11    (19) 

1-2/week (%) 8       (16) 2        (4.2) 10       (21) 9        (15) 8      (12) 17    (29) 

Never (%) 13     (27) 14      (29) 27       (57) 20      (34) 6      (10) 26    (44) 

Fallers (12 months fall history) (%) 16     (34) 13      (28) 29       (62) 11      (19) 17    (29) 28    (48) 

Employment Yes (%) 8       (16) 3        (6) 11       (23) 6       (10) 10    (17) 16    (28) 

No (%) 19     (44) 17      (36) 36       (76) 14     (24) 28    (48) 42    (72) 

 Number attending exercise (%) 4       (8) 8        (16) 12       (26) 1       (2) 3       (6) 4      (8) 
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25 kg/m2) while two were obese (BMI≥30 kg/m2). No one in the IPD group was underweight, 

but two control participants were underweight (BMI=17.91 kg/m2 and 17.33 kg/m2, 

respectively). The BMI range was 19.7–40.1 kg/m2 and 17.3–36.0 kg/m2 in the IPD and 

control groups, respectively.  

 

Table 6. 2 Body weight categories by BMI in the IPD and Control groups  

Category  IPD (n=47) 

Frequency (%) 

Control (n=58) 

Frequency (%) 

Total 

(n=105) 

Under weight 0      (0.0) 2   (3.4) 2        (2) 

Normal weight 18    (38.3) 25 (43.1) 43      (41) 

Overweight 18    (38.3) 21 (36.2) 39      (37) 

Obese 11    (23.4) 10 (17.2) 21      (20) 

Mean BMI (SD) 27    (5.0) 26 (4.1) 26.5   (4.5)  

 

Descriptive data relating to body composition phenotypes are presented in Table 6. 3. Males 

in the IPD group had slightly less total fat mass than males in the control group. The mean fat 

mass in the IPD female group was higher, mean (SD)=29.6 (10.8); than the control females, 

mean (SD)=25.48 (10.6). However, this difference was not statistically significant. 

 

 

 

 

 

 

 

 



 

 

100 

 

Table 6. 3 Measurement of body composition phenotypes in male and female IPD and 

Control groups 

Body composition phenotypes  Parkinson’s (n=47) Control (n=58) 

Male  

Mean (SD) 

Female  

Mean (SD) 

Male  

Mean (SD) 

Female  

Mean (SD) 

Total body lean mass (kg)  55.9 (5.0) 40   (5.2) 55.5 (6.4) 41.1 (6.1) 

Total leg lean mass (kg) 19.3 (2.2) 13.4 (2.0) 19.1 (23.0) 13.9 (2.7) 

Appendicular lean mass (kg) 25.8 (3.0) 17.6 (2.5) 25.6 (3.3) 18.1 (3.4) 

Total body fat (kg) 18.8 (9.3) 29.6 (10.8) 20.9 (7.8) 25.8 (10.5) 

Total leg fat mass (kg) 5.6   (2.5) 11.3 (3.9) 5.9   (1.9) 9.8   (4.0) 

Percentage body fat 23.1 (8.6) 39.8 (7.4) 25.8 (6.8) 36.8 (9.7) 

 

Medical history and medication use were obtained for both groups. The chronic medical 

conditions associated with the groups are categorised in Table 6. 4. The total number of IPD 

participants who reported between one and five associated medical conditions was 39 (83%), 

and 24 (51%) were males. The number in the control group was 46 (79.3%) and the number 

of males was 16 (27.5%, 24). Although a considerable number of participants reported these 

associated conditions, it did not influence the participants’ eligibility for inclusion in the 

study. A low proportion (n=7, 15%) of participants with IPD (male n=4, female n=3) reported 

a family history of the disease.  
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Table 6. 4 Association medical conditions in the IPD and the Control groups.  

Associated medical 

condition 

IPD group (n=47)  

Frequency (%) 

Control group (n=58) 

Frequency (%) 

Hypertension 13 (27%) 25 (43%) 

Cardiac diseases 14 (30%) 12 (21%) 

High cholesterol 10 (21%) 17 (29%) 

Diabetes mellitus  7   (17%) 7   (12%) 

Thyroid 2   (4%) 3   (5%) 

Osteoarthritis 7   (15%) 6   (10%) 

Depression 3   (6%) 4   (6%) 

Others 8   (17%) 4   (6%) 

Total 39 (83%) 46 (79%) 

NB: Some participants had more than one condition. 

 

Forty-one (87.3%) of the IPD participants were on anti-Parkinsonian medications (L-Dopa 

and/or a dopamine agonist e.g. Amantadine, or L-Dopa and/or anticholinergic drugs). Seven 

out of the 34 on L-dopa had previously used other drugs for Parkinsonism. The average time 

since the last dose of medication taken prior to physical assessments for the study being 

carried out was 3 hours and 8 minutes (range between 45 minutes to 7 hours). Thus all 

participants were in a state of “on” drug therapy at the time of testing. The remaining six 

participants were not on any Parkinsonian medications as they were in the early stages of the 

disease severity (3= stage I, 3= stage II of Hoehn and Yahr staging of IPD). Amantadine was 

used by four of these participants (1= stage I, 3= stage II). No IPD participant had received 

deep-brain stimulation prior to the study. Different types of PD medications, such as neuro-

psychiatric drugs, were used to control non-motor symptoms. 
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Results of Movement Disorders Society–Unified Parkinson’s Disease Rating Scale  

The result for the MDS-UPDRS was calculated for the IPD group. The mean (SD) was 46.46 

(17.7) and ranged between 13 and 98. The mean (SD) Hoehn and Yahr Staging was 1.91(0.7) 

and the majority of participants in the IPD group were categorised as stage II (Figure 6.1). 

However, there were seven (14.9%) IPD participants who were in stages III or IV. 

For the impact of dyskinesia, eight participants who were in stage II, and one participant in 

stage III of Hoehn and Yahr, reported the presence of slight to mild (score 1-2) dyskinesia 

during the week preceding the testing day and it was for a short time (less than 25% of 

waking day). None of them reported an impact of the dyskinesia on daily physical function 

and social activities. Only one participant had mild dyskinesia (grade one of section III, 

motor part, of MDS-UPDRS) during the first visit for testing, but this appeared to have no 

impact on the participant’s performance. 

 

Figure 6. 1 Hoehn and Yahr disease staging males, females and the total IPD group 

n=47 

 

Similar results were found for the eight participants with dyskinesia. These participants had 

motor fluctuation with a slight (1 out of 4, ≤ 25% of waking day) complexity (MDS-UPDRS 

4.5) of the fluctuation. It is worth noting that there was no report of painful dystonia during 

the period in the “off” state in any of the IPD participants. 

Table 6. 5 represents disease duration, severity, and disease staging according to the MDS-

UPDRS and it includes the number of IPD participants who suffered from an "on”/“off" state 

7 6

13

17

10

27

2 3 51 1 2

MALE FEMALE TOTAL
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of Parkinson’s therapy associated with the effect of the medication, the side affected first, and 

state of medication. Of note was the wide range (1-19 years) of disease duration. There were 

three IPD participants who were unable to specify the side first affected. 

Table 6. 5 Disease duration and severity of the IPD group (n=47).  

Variable Male Female Combined 

 Mean Mean Mean (SD) 

Disease duration (year) 4.90 6.20 5.45        (4.7)  

MDS-UPDRS score 44.7 48.8 46.46      (17.7)  

 n N n (% of 47) 

"on” / “off" state (Yes) 9 7 16 (34%) 

Side 

affected 

first (n)  

Right  side  12 10 22 (47%) 

Left side 

Unsure 

12 

2 

10 

1 

22 (47%) 

3   (6%) 

MDS-UPDRS: Movement Disorders Society–Unified Parkinson’s                                                                    

Disease Rating Scale Results; n: number; "on” /“off": state of therapy. 

 

6. 2 Postural Stability Tests 

Table 6. 6 shows the mean and 95% confidence intervals and levels of significance for the 

results of the postural stability tests: the SOT (equilibrium and strategy composite scores), 

MCT (latency scores), TUG (basic and cognitive tests), and Step Test for all participants. The 

difference in the means between the IPD and the control group was significant (p<.05) for all 

tests, except the strategy composite and latency composite scores. Based on the consideration 

that the score below the fifth percentile of normative data set in the system (value below 68) 

is pathological, the equilibrium score was abnormal in IPD and it was normal in the age-

matched controls. However, the difference in the mean of the strategy score between the IPD 

and the control groups was very small (0.2%) and non-significant. The results demonstrated 

that both groups were mainly using the ankle strategy (79%) to maintain balance and perform 

equally in this strategy. For the Motor Control Test, there was no significant difference 

between the two tested groups. There was a small, but non-significant (2.2 ms) slower time to 

complete the test in the IPD group than the control group (Table 6. 6).  
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Table 6. 6 Mean results for descriptive data for the postural stability tests for the IPD 

(n=47) and the control groups (n=58). 

Tests Test variables Groups Mean (SD) 95% confidence interval *t-test (p 

value) 

Lower 

bound 

Upper bound 

Sensory 

organisatio

n test 

Equilibrium 

composite score 

IPD 64.2   (14.0) 60.1 68.3 

-2.03 (p=.04) 

Control 69.5   (12.5) 66.2 72.8 

Strategy (%) 

composite score 

IPD 79.1   (7.1) 77.0 81.1 

-0.13 (p=.9) 

Control 79.3   (11.2) 76.4  82.2 

Motor 

control test 

Latency (ms) 

composite score 

IPD 131.3 (12.4) 127.7 135.0 

-0.74 (p=.4) 

Control 133.1 (12.1) 129.9 136.2 

Clinical 

tests 

 

TUG (s) IPD 9.8     (2.9) 9.0 10.7 

3.44 (p=.001) 

Control 8.1     (1.9) 7.6 8.6 

TUGH (s) IPD 10.9   (3.7) 9.8 12.0 

 4.52 (p=.000) 

Control 8.1     (2.1) 7.6 8.7 

**Step test (right) IPD 13.9   (2.9) 13.0 14.7 

-3.64 (p=.000) 

Control 15.7   (2.3) 15.1 16.3 

**Step test (left) IPD 13.5   (3.4) 12.5 14.5 

-4.76 (p=.000) 

Control 16.1   (2.3) 15.5 16.7 

SD: standard deviation; *significance p<0.05: 2 tailed t-test; ms: millisecond; TUG (s): Timed 

“Up and Go” Basic test; TUGH (s): Timed-Up and Go High cognition test. ** Number of 

steps/15 seconds. 

 

The TUG test mean results for participants with IPD showed they took significantly longer 

than the control group to perform both types of tests, TUG and TUGH (p<.01, p<.01, 

respectively). There was a time difference of 1.1 s in the mean between the two (TUG and 

TUGH) types of tests in the IPD group, indicating that there was an effect of the dual task on 

performing the TUG. In contrast, in the control group the time to perform the two tests was 

equal (Table 6. 6). 
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There was a significant difference in the performance of the Step Test between the IPD and 

the control groups. However, for both the IPD and the control group, the difference between 

the two sides in each group was minimal (Table 6. 6). 

 

6. 3 Questionnaire and Fall Data 

6. 3. 1 The ABC Scale and the RAPA 

Table 6.7 shows the means and 95% confidence intervals of the ABC Scale and the RAPA. 

The mean difference between the two groups in the ABC Scale was significant (p<.01). There 

was a moderate (≥70 and <90) level of balance confidence in IPD on the ABC (76.1) in the 

IPD group, which was significantly lower than for the control group (86.8). For the RAPA 

Scale, the difference in the mean between the IPD and the control groups was 0.33 (F=.37) 

which was not significant (Table 6.7).  

 

Table 6. 7 Descriptive data for the ABC and RAPA questionnaires for the IPD (n=47) 

and the Control groups (n=58) 

Tests Test variables Groups Mean (SD) 95% confidence interval *t-test (sig) 

Lower 

limit 

Upper limit 

Questionnaire ABC  

 

IPD 76.1 (17.3) 71.0 81.1 

-2.67 (p<.01) 

Control 86.8 (22.7)  80.8  92.8   

RAPA  IPD 5.9 (2.0) 5.4  6.5   

0.94   (NS) 

Control 5.6 (1.7) 5.1  6.0     

SD: standard deviation; *: independent sample t test p<.01; ABC: Activity-Specific 

Balance Confidence; RAPA: Rapid Assessment Physical Activity; NS: non-significant.  

 

6. 3. 2 Fall Results 

In this study fall information from both IPD and control participants was collected in a 

prospective six months self-report fall diary. The information included number of falls, 
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circumstances and consequences of each fall. The mean (SD) for the six months fall data was 

2.0 (2.9) and 0.8 (1.0) falls for the IPD and the control groups, respectively. This difference 

was significant (t =2.696, p=.009). 

Table 6.8 presents the number of fallers and non-fallers and number of falls in the six-month 

follow-up period in both males and females in the IPD and the control groups. The number of 

fallers in IPD group (n=29/47, 62%) was higher than in the control group (n=28/58, 48%). 

There were more male fallers than female fallers in the IPD group, while it was the opposite 

in the control group. Those who fell two or more times (recurrent fallers) numbered 14 (n=5 

males) in IPD and 5 (n=3 males) in the control groups. 

 

Table 6. 8 Fallers and non fallers and number of falls in the six months fall follow up in 

the IPD and the Control groups 

Group IPD (n=47) Control (n=58) 

Sex Male (n=27) Female (n=20) Total  Male (n=20) Female(n=38) Total 

Faller 16 13 29 11 17 28 

Non-faller 11 7 18 9 21 30 

Total falls (number) 45 47 92 19 24 43 

 

The number of falls was nearly double for the IPD group compared to that of the control 

group. The mean (SD) for the number of falls for each month was 15.33 (1.96) and 7.15 

(2.99) for the IPD and the control groups, respectively.  

Table 6. 9 presents the mean (SD) number of falls in males and females in the IPD and the 

control groups for the six months fall follow up. The effect of sex was not significant (not 

shown in the table) for the IPD or the control groups. The mean number of falls in females in 

the IPD group was much higher than females in the control group. The majority of six 

months self-reported recurrent falls and injurious falls were from falls occurring during daily 

activities such as during gardening, though one control participant reported “hypermobility” 

at the ankle joint as a cause for multiple falls (Table 6. 9). 
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Table 6. 9 Means (SD) for number of falls in the IPD and the Control groups by sex* 

IPD group Control group 

Sex Mean (SD) Sex Mean  (SD) 

Male     (n=27) 1.7 (2.5) Male     (n=20) 1.1 (1.3) 

Female (n=20) 2.4 (3.3) Female (n=38) 0.6 (0.8) 

*The data presented do not take into account multiple falls in participants. 

Circumstances of Falls   

In the IPD group, most of the six months self-reported falls by participants were due to a loss 

of balance, especially while turning around quickly. Around 40% of them described their 

falls as backwards. Nine participants with IPD reported injuries, though most of these injuries 

did not require a health professional consultation. However, three participants with IPD 

sustained bone fractures. Another participant had a head injury and cracked ribs after falling 

over backwards at home, resulting in hospitalisation. The other falls resulted in mild injury, 

such as bruises and pain. Injurious falls occurred mainly in those participants having 

recurrent falls. In the control group, most of the self-reported falls over the six months 

resulted in no injury. Five had mild injuries that were treated at home. Two had major injuries 

- both fractures were in the right hip and both were due to outdoor traumatic accidents.  

 

6. 4 Isokinetic Muscle Strength Test 

Table 6. 10 shows the mean and the 95% CIs for the muscle strength variables for both 

groups.  There was a significant difference between the two investigated groups for all 

strength parameters. The mean values for the three main variables, the peak torque/body 

weight, the total work, and the time to peak torque for the two (60°/s and 90°/s) speeds were 

all significant. Except for one variable (Peak torque/body weight/extension 60°/s) which was 

significant (p=.05), all the muscle strength variables were highly significant. It was noted that 

the difference between knee extension and flexion was high and almost double in some of the 

torque speeds variables of 60°/s and 90°/s. 
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Table 6. 10 Descriptive data of peak torque and total work muscle strength variables for 

the IPD (n=47) and the control groups (n=58). 

Strength tests (Unit) Group Mean  95% Confidence Interval 2-tailed t-test  

Lower limit Upper limit 

Peak torque/ body weight/ 

extension 60°/second (%) 

IPD 100.36 89.4 111.2 
-1.93   (p=.05) 

Control 127.51 117.4 137.6 

Peak torque/ body weight/ flexion 

60°/second (%) 

IPD 46.76 40.4 53.2 
-4.391 (p=.000) 

Control 65.61 60.3 70.9 

Time to Peak torque extension 

60°/second (msec) 

IPD 548.82 502.79 594.86 
2.286   (p=.02) 

Control 490.68 463.72 517.65 

Time to Peak torque flexion 

60°/second (msec) 

IPD 913.82 25.5 35.2 
3.120   (p=.002) 

Control 769.14 38.8 47.8 

Time to Peak torque extension 

90°/second (msec) 

IPD 441.36 384.69 444.02 
3.555   (p=.001) 

Control 358.62 343.52 373.72 

Time to Peak torque flexion 

90°/second (msec) 

IPD 913.82 835.60 992.05 
3.463   (p=.001) 

Control 769.13 714.23 824.04 

Total work extension60°/second 

(N/M)  

IPD 303.77 264.0 343.5 
-3.468  (p=.001) 

Control 397.33 357.6 433.8 

Total work flexion 60°/second 

(N/M) 

IPD 136.07 110.9 161.3 
-5.654  (p=.000) 

Control 230.03 204.2 247.0 

Average peak torque 

extension(N/M)  60°/second  

IPD 66.20 57.9 74.5 
-2.674  (p=.009) 

Control 80.98 73.0 87.6 

Average peak torque flexion 

60°/second (N/M) 

IPD 30.35 25.5 35.2 
-3.854  (p=.000) 

Control 42.91 38.8 47.8 

Peak torque/ body weight/ 

extension 90°/second (N/M) 

IPD 94.03 83.4 104.2 
-2.826  (p=.006) 

Control 114.44 104.0 120.4 

Peak torque/ body weight/ flexion 

90°/second (N/M) 

IPD 43.26 36.8 49.7 
-4.238  (p=.000) 

Control 61.18 55.1 64.7 

Total work extension90°/second 

(N/M) 

IPD 298.42 258.8 338.0 
-3.136  (p=.002) 

Control 377.49 343.8 411.7 

Total work flexion 90°/second 

(N/M) 

IPD 137.74 110.2 164.8 
-4.979  (p=.000) 

Control 229.57 205.0 255.8 

Average peak torque extension 

90°/second (N/M) 

IPD 65.82 54.4 70.6 
-2.176 (p=.032) 

Control 72.20 67.1 80.0 

Average peak torque flexion 

90°/second (N/M) 

IPD 27.12 23.1 32.9 
-3.587 (p=.001) 

Control 39.63 35.3 43.9  

N/M: Newton/ metre; speed: second; force: Newton; angular velocity: degree/ second 

 

6. 5 Descriptive Data of Dual Energy X-ray Absorptiometry 

Table 6. 11 shows the mean and 95% confidence intervals, and the results of the t-test for the 

body composition phenotypes variables for the two groups. The results indicate no significant 

differences in the body composition phenotypes types between the IPD and the age matched 

control group. 
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Table 6. 11 Descriptive measures of the mean body composition phenotypes for the IPD 

(n=47) and the Control groups (n=58). 

Parameters of body 

composition 

phenotypes 

Groups Mean (SD) 

kg 

95% Confidence Interval t-test 

(NS) 

Lower limit Upper limit 

Total body lean 

mass (kg) 

IPD 49.1  (9.4) 46.4 51.9 

1.666 

Control 46.1  (9.2) 43.7 48.5 

Total leg lean mass 

(kg) 

IPD 16.8  (35.3) 15.7 17.8 

1.541 

Control 15.7  (35.3) 14.8 16.6 

Appendicular lean 

mass (kg) 

IPD 22.3  (4.9) 20.8 23.7 

1.636 

Control 20.7  (4.9) 19.4 22.0 

Total body fat mass 

(kg) 

IPD 23.4  (11.2) 20.1 26.7 

-0.332 

Control 24.1  (9.9) 21.5 26.7 

Total leg fat mass 

(kg) 

IPD 8.0    (4.2) 6.8 9.3 

-0.549 

Control 8.5    (3.8) 7.4 9.5 

Percentage body fat IPD 30.2  (11.6) 26.8 33.6 

-1.288 

Control 33.0  (10.2) 30.3 35.7 

NS: p value: not significant 

Table 6. 12 shows the distribution of body composition phenotypes according to sex for the 

IPD and the control groups. Of note, the three participants with IPD with the SS phenotype 

were all in a relatively advanced age (≥75.6 years), but varied in disease severity and stage. 

Interestingly, the SO phenotype was not present in either the IPD or the control group (Table 

6. 12). 
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Table 6. 12 Distribution of body composition phenotypes by sex for the IPD and Control 

groups. 

Body phenotype               IPD (n=47)           Control (n=58) 

Male Female Total Male Female Total 

Normal lean (NL) 20 (43%) 9   (19%) 29 (62%) 12 (21%) 22 (38%) 34 (59%) 

Sarcopenic (SS) 3   (6.3%) 0 3   (6.3%) 0 0 0 

Obese (OO) 4   (9%) 11 (23%) 15 (32%) 8  (14%) 16 (27%) 24 (41%) 

Sarcopenic-obese (SO)    0 0 0 0 0 0 

Total number 27 20 47 20 38 58 

 

6. 6 Statistical Analysis 

6. 6. 1 Correlation 

A correlation of variables was undertaken in order to select the final variables for the 

stepwise regression analysis. This was implemented in two steps. In the first step, all of the 

collected variables in each test category were correlated (within group correlation) to identify 

potential predictors variables for the regression analysis. Table 6.13 presents the variables 

that were used in the first step of correlation. Due to the large number of the variables that 

resulted from the first step of correlation analysis, only variables that were statistically 

significant were included in the correlation results reported in Table 6. 14 for the second step 

correlation. 

The results of correlations revealed a range of multi-collinearity between the predictors and 

outcomes variables (variable inflation factor ranged between 1.2 and 12.3). Many correlations 

were weak to moderate among all the body composition phenotype variables and ranged 

between .01 to .62 in IPD and .22 to 0.73 in the control group. Most of the variables entered 

in the stepwise regression were significantly correlated, except for the equilibrium composite 

variable, which was not significantly correlated in either the IPD or the control groups, but 

was deemed necessary to keep in the regression model as it is widely used clinically to assess 

postural stability [282, 396]. In addition, this variable constitutes the functional component of 
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the three sensory systems (vestibular, visual, and proprioception) used to maintain balance 

[253] and represents the six sensory conditions reported to be affected in IPD [4, 5, 257, 259, 

365, 382]. The basic and high TUG cognitive tests, and the Step Test correlated with most 

body composition phenotypes variables, and they were all included in the stepwise regression 

model. 

For the isokinetic muscle strength around the knee joint, two torque speeds only (60°/s and 

90°/s) were chosen as there was a high correlation (r=.95) between 60° and 90° torque speeds 

for the knee joint on the same leg. High correlations were found among peak torque and total 

work for flexion and extension of knee joint. Due to the high correlation (r=.80) between the 

right and the left lower limbs for knee joint muscle strength, strength for right and left 

extremities were averaged. 
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Table 6. 13 Variables used in the first step of correlation for the stepwise regression 

model. 

Postural stability 

tests 

Muscle strength 

tests 

Body 

composition 

phenotypes 

Questionnaires Falls 

Equilibrium SOT 

composite score 

PKTQ/BW 

extension 60°/s 

Average 

Total arm fat 

mass 

Activity- specific 

Balance 

Confidence 

Six months fall 

follow up 

Strategy SOT 

composite score 

PKTQ/BW 

flexion 60°/s 

Average. 

Total arm lean 

mass 

Rapid Assessment 

Physical Activity 

Twelve months 

fall history 

MCT medium  

backward latency 

Average 

Time to PKTQ 

flexion 60°/s 

Average. 

Total legs fat 

mass 

  

MCT large 

backward latency 

average. 

Time to PKTQ 

Flex 60 Average. 

Total legs lean 

mass 

  

MCT medium 

forward latency 

average 

Total Work Ext 

60°/s Average. 

Total trunk fat 

mass 

  

MCT large forward 

latency average 

Total Work Flex 

60 Average. 

Total fat mass   

Latency composite PkTQExt 60°/s 

Average. 

Total body fat    

Timed Up and Go 

(s) 

PkTQFlex 60°/s 

Average. 

Total body lean 

mass  

  

Timed Up and Go H 

(s) 

PKTQ/BW ExtL 

90°/s Average. 

Percent body fat   

Steps tests right PKTQ/BWFlex 

90°/s Average. 

Appendicular 

lean mass  

  

Steps tests left Time to PKTQExt 

90°/s Average. 

Appendicular 

lean mass index 

  

 Time to 

PKTQFlex 90°/s 

Average. 

   

 Total Work Ext 

90°/s Average. 

   

 Total Work Flex 

90°/s Average. 

   

 PkTQExt 90°/s 

Average. 

   

 PkTQFlex 90°/s 

Average. 

   

SOT: sensory organisation test; MCT: motor control test; PKTQ: Peak torque; BW: body weight; Ext: 

extension; Flex: flexion; Avg: average; 60 and 90: degree/second of isokinetic torque speed. 

 

Table 6. 14 shows the correlation coefficients and significance of variables used for stepwise 

regression between the body composition phenotypes and postural stability and muscle 

strength in both the IPD and their age-matched control group. 
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Table 6. 14 Pearson correlations and significance of body composition phenotypes, sex, 

and age with postural stability and strength variables in the IPD (n=47 and the Control 

groups (n=58). 

Tests Tests and Parameters Group Total 

Body 

Legs 

Fat 

Total 

Body 

Fat 

Percent 

Body 

Fat 

Total 

Body 

Legs 

Lean 

Total 

Body 

Lean  

Append

-icular 

Lean 

Sex Age 

Postural 

stability  

tests  

Equilibrium 

 

IPD -0.15 -0.12 -0.13 0.21 0.21 0.24* .-262* -.233 

Controls -0.13 -0.13 -0.12 0.15 0.13 0.150 -.264* ..079 

Latency IPDs -0.13 -0.12 -0.21 0.30* 0.29* 0.27* -.299* .419** 

Controls -0.19 0.00 -0.16 0.36** 0.40** 0.38** -.350*** .175 

Timed “Up & Go” test IPDs 0.35* 0.27* 0.30* -0.32* -0.29* 0.33* .297* .417** 

Controls 0.06 0.11 0.09 0.01 0.02 0.04 -.108 .269* 

Timed “Up & Go” High 

cognition dual task test  

IPDs 0.35** 0.29* 0.30* -0.29* -0.26* 0.31* .285* 454** 

Controls 0.02 0.03 0.07 -0.04 -0.04 0.00 .028 .218* 

Step test/ right side IPDs 0.01 0.07 -0.01 0.20 0.23 0.23 -.198 -.087 

Controls -0.07 -0.17 -0.11 -0.08 -0.12 -0.13 .259* -.105 

Muscle 

strength 

Peak torque/body weight 

knee extension 60°/s 

IPDs -0.50** -0.37** -0.40** 0.42** 0.38** 0.45 -.407** -.511*** 

Controls -0.22* -0.12 -0.21 0.27* 0.30* 0.31* -.444*** -.253* 

Peak torque/body weight 

knee extension 90°/s 

IPDs -0.48** -0.35* -0.40** 0.44** 0.41* 0.47** -.442** -.470*** 

Controls -0.55** -0.53** -0.36** 0.39** 0.37** 0.37** -.422*** -.361** 

Total work knee 

extension 60°/s 

IPDs -0.33* -0.09 -0.22 0.59** 0.58** 0.63** -.487*** -.517*** 

Controls -0.21 -0.09 -034* 0.67** 0.50** 0.67** -.647*** -.308** 

Total work knee 

extension 90°/s 

IPDs -0.29* -0.07 -0.23 0.62** 0.61** 0.65** -.498*** -.512*** 

Controls -0.25* -0.12 -0.39** 0.72** 0.73** 0.71** -.718*** -.287* 

Time to peak torque knee  

extension 60° 

IPDs 0.16 -0.06 -0.06 -0.16 -.13 -0.17 0.141 0.338* 

Controls 0.12 0.11 0.05 0.01 -0.02 0.01 0.64 -0.078 

Time to peak torque knee 

extension 90° 

IPDs 0.05 -0.04 -0.04 -0.14 -0.11 -0.16 0.115 0.379** 

Controls -0.01 0.00 0.03 -0.01 -0.11 -0.11 0.012 0.149 

***Significant at p<.001; Significant at p<.01 **; Significant at p<.05 * 
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Appendix D1 presents the results of all the correlations and significance of body composition 

phenotypes variables with postural stability and falls variables in the IPD and the Control 

groups. Appendix D2 presents correlation and significance of all the postural stability and 

falls variables with muscle strength variables in the IPD and the Control groups. 

Interestingly, the significance of the correlation in the variables between the tests are stronger 

within the IPD group. 

6. 6. 2 Results of the stepwise regression analysis 

Table 6. 15 shows the final variables used in the stepwise regression model as determined by 

the second step correlation analysis and by the theoretical viewpoints expressed above. The 

results of the stepwise regression showed eight predictors resulted from the analysis of the 

entered 11 outcome variables (Table 6.15) and these were entered into the stepwise 

regression model. This model identifies the best combination of the entered predictor 

variables, via the software and based on computerised statistical systems used to predict the 

dependent variables.  

Preliminary analysis was conducted to check any violation for an assumption of outliers, 

normality, linearity, singularity, homoscedasticity and the degree of contribution by 

performing a probability plot and scatter plot for all the outcome variables. There was a large 

number of variables considered for the prediction equation; however, many contributed little 

and were excluded from the analysis, leaving a small subset of variables selected to obtain 

good predictive results to fit the model. The results revealed a very low to moderate level of 

multicollinearity between the predictors (tolerance was between 0.012 and 1.0, variable 

inflation factor ranged between 1.2 and 12.3). 
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Table 6. 15 The selected variables for the stepwise regression in the IPD (n=47) and the 

Control groups (n=58). 

                     Outcome variables (n=11) Predictor variables (n=8) 

Postural stability (n=5) Strength (n=6) Demographic Body composition 

phenotypes 

Equilibrium composite score 

Latency composite score  

Timed “Up and Go” (TUG) 

Timed “Up and Go” (TUG H)                    

Step test (right side) 

Peak torque/body weight knee extension 60°/s                          

Peak torque/ body weight extension 90°/s                      

Total work knee extension 60°/s                                          

Total work extension 90°/s 

Time to peak torque Extension 60°Average 

Time to peak torque Extension 90°Average 

Sex                       

Age 

Disease  

Total body lean mass 

Total legs lean mass  

Total Appendicular lean 

mass                      

Percentage body fat mass                                              

Total legs fat mass                                                   

TUG H: High cognition dual task                  

  

Table 6.16 lists the results of the final stepwise regression analysis which was used to 

investigate the association of the body composition phenotypes parameters with postural 

stability and strength in people with IPD and control groups. It shows the numbers of models 

and proportions of contribution for each predictor listed below. This method identifies the 

main source of influence on the dependent variable and contribution of each variable to the 

model (B: unstandardised, β:standardised coefficients). The R presents coefficient of 

determination, R2 determined correlation coefficient and its R square change and the 

significance of this change to determine the percentage of contribution of a new variable to 

the model. Table 6.16 also presents the standard error of estimate which explain residuals 

(error or the deviation from the expected value). 
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Table 6. 16 Results of the stepwise regression analysis in the IPD (n=47) and the Control 

groups (n=58). 

A. Postural stability tests (outcome variables, n=5) 

1- Equilibrium composite score (Sensory organisation test) 

 R R2 R2 change B SE β 

standardised 

T p value 

Step 1         

F (1,103)=4.356 (p<.05)  .201 .041      p<.05 

Sex    -5.406 2.590 -.201 -2.087 p<.05 

Step 2         

F (2,102)=5.985 (p<.05)   .324 .105 .064     p<.05 

Sex    -7.146 2.598 -.266 -2.754 p<.01 

Disease    7.017 2.589 .262 2.710 p<.01 

2.   Latency composite score (Motor control test) 

 R R2 R2 change B SE β 

standardised 

T p value 

Step 1         

F (1,103)=13.116 

(p<.001)   

.336 .113      p<.01 

Total body lean    .434 .120 .336 3.622 p<.001 

Step 2         

F (2,102)=14.488 

(p<.001)   

.470 .221 .108     p<.001 

Total body lean     .493 .114 .382 4.326 p<.001 

Age    .423 .112 .332 3.766 p<.001 

3.  Timed Up and Go test (TUG) 

 R R2  R2 change B SE β 
standardised 

T p value 

Step 1:         

F (1,103)=13.039 

(p<.001)   

.335 .112      p<.001 

Disease    -

.1.699 

.471 -.335 -3.611 p<.001 

Step 2:         

F (2,102)=13.941 

(p<.001)   

.436 .215 .102     p<.001 

Disease    -1.659 .445 -.327 -3.729 p<.001 

Age    .084 .023 .320 4.645 p<.001 

Step 3         

 .504 .254 .039     p<.05 

F (3,101)=11.464 

(p<.001) 
       p<.001 

Disease    -1.719 .437 -.339 -3.937 p<.001 

Age    .082 .023 .312 3.628 p<.001 

Total body legs fat    0 0 .199 2.308 p<.05 

4.  Timed Up and Go test, High cognition (TUG H) 

 R R2  R2 change B SE β 
standardised 

T p value 

Step 1:         

F (1,103)=22.871 

(p<.001)   

.426 .182       

Disease    -2.776 .580 -.426 -4.782 p<.001 
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Step 2:         

F (2,102)=19.235 

(p<.001)   

.523 .274 .092     p<.001 

         

Disease    -2.727 .550 -.419 -4.962 p<.001 

Age    .103 .029 .304 3.598 p<.001 

Step 3         

F (3,101)=14.630 

(p<.001) 

.550 .303 .029     p<.05 

Disease    -2.792 .542 -.429 -5.152 p<.001 

Age    .101 .028 .297 3.571 p<.01 

Total body legs fat    0 0 .171 2.052 p<.05 

5.  Step test right leg  

 R R2  R2 change B SE β 
standardised 

T p value 

Step 1         

F (1,103)=13.265 

(p<.001) 

.338 .114      p<.001 

Disease    1.821 .500 .338 3.642 p<.001 

 

B. Muscle strength variables (outcome variables, n=6) 

 

1. Peak torque/body weight knee extension 60°/s. 

 R R2  R2 change B SE β 
standardised 

T p value 

Step 1:         

F (1,101)=28.652 

(p<.001)   

.470 .221      p<.001 

Total body leg fat    -.005 .001 -.470 -5.353 p<.001 

Step 2:         

F (2,100)=27.981 

(p<.001)   

.599 .359 .138     p<.001 

Total body leg fat    -.004 .001 -.456 -5.695 p<.001 

Age    -1.524 .329 -.372 -4.636 p<.001 

Step 3         

F (3,99)=31.280 

(p<.001)   

.698 .487 .128     p<.001 

Total body legs fat    -.005 .001 -.478 -6.618 p<.001 

Age    -1.470 .296 -.359 -4.972 p<.001 

disease     28.392 5.719 .358 4.965 p<.001 

Step 4         

F (4,98)=28.446 

(p<.001)   

.733 .537 .051     p<.01 

Total body legs fat    -.004 .001 -.412 -5.750 p<.001 

Age    -1.288 .288 -.314 -4.479 p<.001 

disease     31.548 5.5421 .398 5.693 p<.001 

Appendicular lean    1.943 .593 .243 3.275 p<.01 

 

2. Peak torque/body weight knee extension 90°/s. 

 R R2  R2 change B SE β 
standardised 

T p value 

Step 1         

F (1,103)=29.659 

(p<.001)   

.473 .224      p<.001 

Total body legs fat    -.004 .001 -.473 -5.446 p<.001 

Step 2         
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F (2,102)=30.058 

(p<.001)   

.609 .371 .147     p<.001 

Total body legs fat    -.004 .001 -.458 -5.832 p<.001 

Age    -1.368 .280 -.384 -4.886 p<.001 

Step 3         

F (3,101)=27.841 

(p<.001)   

.673 .453 .082     p<.001 

Total body legs fat    -.004 .001 -.475 -6.440 p<.001 

Age    -1.341 .263 -.376 -5.106 p<.001 

disease     19.624 5.050 .287 3.886 p<.001 

Step 4         

F (4,100)=25.902 

(p<.001)   

.713 .509 .056     p<.01 

Total body legs fat    -.003 .001 -.403 -5.493 p<.001 

Age    -1.180 .254 -.331 -4.638 p<.001 

disease     22.318 4.873 .326 4.580 p<.001 

Appendicular lean    1.756 .519 .256 3.383 p<.01 

3. Total work extension 60° /s. 

 R R2  R2 change B SE β 
standardised 

T p value 

Step 1:         

F (1,103)=60.063 

(p<.001)                                                                                      

.607 .368      p<.001 

Appendicular lean    17.729 2.288 .607 7.750 p<.001 

Step 2:         

F (2,102)=60.305 

(p<.001)   

.736 .542 .173     p<.001 

Appendicular lean    19.775 1.985 .677 9.950 p<.001 

Disease    123.098 19.810 .422 6.214 p<.001 

Step 3         

F (3,101)=52.031 

(p<.001)   

.779 .607 .065     p<.001 

Appendicular lean    18.331 1.882 .627 9.732 p<.001 

Disease    118.803 18.463 .408 6.435 p<.001 

Age    -3.950 .964 -.260 -4.099 p<.001 

Step 4         

 .790 .624 .016     p<.05 

F (4,100)=41.410 

(p<.001)   
       p<.001 

Appendicular lean    47.026 13.878 1.610 3.389 p<.001 

Disease    120.703 18.187 .414 6.637 p<.001 

Age    -4.127 .952 -.272 -4.336 p<.001 

Total body leg lean    -.040 .019 .992 -2.088 p<.05 

4. Total work extension 90°/s. 

 R R2  R2 change B SE β 
standardised 

T p value 

Step 1:         

F (1,103)=78.119 

(p<.001)   

.657 .431      p<.001 

Appendicular lean    17.868 2.022 .657 8.839 P<.001 

Step 2:         

F (2,102)=76.259 

(p<.001)   

.774 .599 .168     p<.001 

Appendicular lean    19.743 1.729 .726 11.417 p<.001 

Disease    112.807 17.255 .416 6.538 p<.001 

Step 3         

 .810 .656 .057     p<.001 
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F (3,101)=64.311 

(p<.001)   

       p<.001 

Appendicular lean    18.468 1.639 .679 11.268 p<.001 

Disease    109.067 16.082 .402 6.782 p<.001 

Age    -3.441 .840 -.244 -4.098 p<.001 

Step 4         

F (4,100)=52.446 

(p<.001)   

.823 .677 .021     p<.05 

Appendicular lean    48.587 11.969 1.786 4.059 p<.001 

Disease    111.060 15.685 .409 7.081 p<.001 

Age    -3.626 .821 -.257 -4.417 p<.001 

Total body leg lean    -.042 .017 -1.118 -2.539 p<.05 

5. Time to peak torque Extension 60°/s.  

 R R2  R2 change B SE β 
standardised 

T p value 

Step 1         

F (1,103)=12.637 

(p<.01)   

.220 .048      p<.05 

Disease    -58.140 25.437 -.220 -2.286 p<.05 

6. Time to peak torque Extension 900 /s. 

 R R2  R2 change B SE β 
standardised 

T p value 

Step 1         

F (1,103)=12.637 

(p<.01) 

.331 .109      p<.01 

Disease    -55.741 15.680 -.331 -3.555 p<.01 

Step 2 

 

        

F (2,102)=10.723 

(p<.001) 

.417 .174 .064     p<.01 

Disease    -54.685 15.181 -.324 -3.602 p<.001 

Age    2.228 .790 .254 2.821 p<.01 

R: correlation; R2 standardized correlation; B: non standardized coefficient of determination; 

SE: standard error; β: coefficient of determination. 

Below is a summary of the results presented in Table 6. 16 

 6. 6. 2. 2 Equilibrium Composite Score (Sensory Organisation Test) 

The model produced two predictor variables in two blocks. The model (second, final block) 

yielded an overall significant relationship F (2,102) =5.985 (p<.01). Sex was the only 

significant predictor that emerged from the first block of the model. It explained 4.1% of the 

variance of the equilibrium composite score, and the coefficient of determination (R2 =.041; 

p<.05) was negatively correlated. In the variance of the equilibrium composite score (β=-

.201, t=-2.087, p<.05), the other seven predictors were removed as they did not significantly 

strengthen the model. In the second block, the disease predictor was added to the model. It 

contributed 6.4% (R2 =.105, R2 change=.064, p<.001) to the variance of the block. 
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Individually, sex significantly and negatively contributed to the block (β=-.266, t=-2.754, 

p<.01) as did disease (β-.262, t=4.675, p<.01). Hence, the model as a whole (sex and disease 

predictors) explained a total of 10.5 % of the variability.  

6. 6. 2. 3 Latency Composite Score (Motor Control Test) 

The model produced two predictors for the variable latency composite score in two steps. The 

overall model was significant F (2,102) =14.488 (p<.001). Total body lean was the only 

significant predictor to emerge from the first step. It explained 11.3% of variance in the 

variable (R2 =.113; p<.001(β =.336, t=3.622, p<.001). The other seven predictors were 

removed as they did not significantly strengthen the model. In the second (final) step, age 

emerged in addition to the total body lean as a new predictor. This step explained 10.8% in 

the variance of the response latency outcome (R2 =.221, R2 change=.108, p<.001). 

Individually, age also significantly contributed to the latency (β=.332, t=3.766, p<.001) as did 

total body lean (β=.382, t=4.326, p<.001). Hence, the model as a whole explained a total of 

22.1 % in the variance of the latency composite score. 

6. 6. 2. 4 Timed Up and Go Test (TUG) 

The model produced three predictor variables in three steps. The model as a whole (final 

step) was statistically significant F (3,101) =11.464 (p<.001). The first block of the model 

explained 11.2% in the variances of the TUG (R2 =.112; p<.001) and disease was the only 

significant predictor to emerge. Individually, it had a negative relationship with the basic 

TUG test outcome (β =-.335, t=-3.611, p<.001). The other seven predictors were removed as 

they did not significantly strengthen the model. In the second step, age emerged in addition to 

the disease predictor. It explained 10.2% of variance, and significantly contributed (R2 =.215, 

R2 change =.102, p<.001) to the variance of the block. Individually, disease negatively 

contributed to the block (β =-.327, t=-3.729, p<.001) as did age (β=.320, t=3.645, p<.001). In 

the third (final) step, the total body leg fat emerged and explained 3.9% of the variance (R2 

=.254, R2 change=.039, p<.05). Individually, disease, age, and total body leg fat emerged 

from this last block. Individually, disease was negatively associated (β =-.339, t=-3.937, 

p<.001) and age and total body leg fat positively associated with the TUG (β =.312, t=3.628, 

p<.001; β =.199, t=2.308, p<.05), respectively. As a whole, the model explained a total of 

25.4 % of the variance for TUG. 
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6. 6. 2. 5 Timed Up and Go Test, (High cognition, TUG H) 

The model (final step) was significant F (3,101) =14.630 (p<.001). In the first step of the 

model, disease was the only predictor to emerge and explained 18% of variance in the total 

work 60 degree/s (R2 =.182; p<.001), and significantly contributing to the outcome TUG H 

(β=-.426, t=-4.782, p<.001). The other seven predictors were removed as they did not 

significantly strengthen the model. In the second step, age explained an additional 9% 

significantly contributing (R2 =.274, R2 change =.092, p<.001) to the variance of TUG H. 

Individually, the disease (β=-.419, t=-4.962, p<.001) and age was a significant predictor 

(β=.304, t=3.598, p<.001). The third (final) step, total body legs fat explained an additional 

3% (R2 =.303, R2 change=.029, p<.05). Individually, it was also a significant predictor 

(β=.171, t=2.052, p<.05). Thus, disease, age, and leg fat mass in the final model explained 

30% of the variance of the outcome TUG H. 

6. 6. 2. 6 Step Test Right Leg 

The model produced a significant relationship F (1,103) =13.265 (p<.001). Disease was the 

only significant contributor to emerge and explained 11.4% in variance of the step test right 

side (R2 =.114, β =.338, t=3.642, p<.001).  

6. 6. 2. 7 Peak Torque/Body Weight Knee Extension 60°/s 

The model produced four predictors from the equation in four steps. The overall model (final 

step) was significant at the 0.001 level, F (4, 98) =28.446. The first step was significant, F 

(1,101) =28.652 (p<.001) and explained 22.1% in the variance of the outcome peak torque/ 

body weight 60°/s. The total leg fat mass was the only significant variable and a negative 

predictor emerged from the stepwise procedure. (R2 =.221; β=-.470, t=-5.353, p<.001). The 

second step was also significant (R2 =.359, R2 change=.138, p<.001), explaining 35.9 % of 

the variance of the step and age emerged as a negative significant predictor (β=-.372, 

t=4.636, p<.001) in addition to the total body leg fat (β=-.456, t=-5.695, p<.001). The third 

step explained an additional 12.8% to the variance of peak torque/body weight knee 

extension 60°/s (R2 =.478, R2 change=.128, p<.05). In this step, three predictors were 

significant, disease (β=.358, t=4.965, p<.001), total leg fat mass (β=-.478, t=6.618, p<.001), 

and age (β=-.359, t=-4.972, p<.001). The fourth (final) step showed a significant explanation 
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(p<.01) for the variance of peak torque/body weight knee extension 60°/s (R2 =.537, R2 

change=.051). The age and the appendicular lean emerged as negative predictors (β=.243, 

t=3.275, p<.01), in addition to the three predictors, total leg fat mass (β=-.412, t=-5.750, 

p<.001), age (β =-.314, t=-4.479, p<.001), and disease (β=.398, t=5.693, p<.001). 

Consequently, the model as a whole explained a total of 53.7 % of the variance of latency. 

6. 6. 2. 8 Peak Torque/Body Weight Knee Extension 90° 

The model (final, fourth step) was significant F (4,100) =25.902 (p<.001). The first step of 

the model explained 22.4% of variance in the outcome (R2 =.224, p<.001) and total leg fat 

mass was the only predictor that emerged from the stepwise procedure (β =-.473, t =-5.446, 

p<.001). In the second step, the age predictor emerged, in addition to total leg fat mass, and 

contributed an additional 14.7% of the variance in the outcome (R2=.371, R2 change=.147, 

p<.001). Individually, age (β=-.384, t=-4.886, p<.001) and the total leg fat mass (β=-.458, 

t=5.832, p<.001) were each significant contributors. In the third step, disease emerged in 

addition to total leg fat mass and age. The step accounted for 45.3 % in the variance of the 

outcome, explaining an additional 8.2% in the variance after controlling for the other 

variables (R2=.453, R2 change=.082, p<.001). Individually, each of age (β=-.376, t=-5.106, 

p<.001), the total leg fat mass (β=-.475, t=-6.440, p<.001), and disease (β=.287, t=3.886, 

p<.001) significantly contributed in the outcome. In the fourth (final) step four variables 

emerged and overall they accounted for 50.9% of prediction in the variance of the outcome 

(R2 =.509, R2 change=.056, p<.001). Individually, appendicular lean mass accounted for an 

additional 5.6% in the variance of the model (β=.256, t=3.383, p<.01), in addition to age 

(β=.331, t=-4.638, p<.001), total leg fat mass (β=-.403, t=-5.493, p<.001), and disease 

(β=.326, t=4.580, p<.001).  

6. 6. 2. 9 Total Work Extension 60°/s 

The model (final fourth step) was significant F (4,100) =41.410 (p<.001). In the first step of 

the model, the appendicular lean mass was the only predictor that emerged from the stepwise 

procedure and explained 36.8% of variance in the outcome total work extension 60° 

(R2=.386, β=.607, t=7.750, p<.01). In the second step, disease emerged in addition to the 

appendicular lean mass from the first step. Disease explained an additional 17.3% of the 

variance in the total work extension 60°outcome (R2=.542, R2 change=.173, p<.001). 
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Individually, appendicular lean mass was a significant contributor in the outcome with a 

higher β value (β=.677, t=9.950, p<.001) than disease (β=.422, t=6.214, p<.001). In the third 

step, age emerged and added 6.5% to the explanation in the variance of the total work 60/s 

(R2=.607, R2 change=.065, p<.001). In this step, individually the appendicular lean 

contributed significantly with a higher β9.732, p<.001) than the disease (β=.408, t=6.435, 

p<.001), while age contributed negatively (β=-.260, t=-4.099, p<.001). In the fourth (final) 

step, total leg lean mass emerged and added a significant, but a small (1.6% ) amount, to the 

prediction in the variance of the total work 60/s (R2=.624, R2 change=1.6, p<.05). In this step, 

the appendicular lean mass (β=1.610, t=3.389, p<.01), along with disease (β=.414, t=6.636, 

p<.001), age (β=-.272, t=-4.336, p<.001), and total leg lean mass (β=.992, t=-2.088, P<.05), 

had the highest beta values. Hence, the model (appendicular lean mass, disease, age, and total 

leg lean mass) as a whole accounted for a total of 62.4 % in the variance of the outcome total 

work extension 60°/s. 

6. 6. 2. 10 Total Work Extension 90°/s 

This model showed a similar trend to the total work extension 60°/s. The final (fourth step) 

model was significant F (4,100) =52.446 (p<.001). The model as a whole accounted for 

67.7% in the variance of the total work 90°/s. In the first step of the model, the appendicular 

lean mass was the only predictor that emerged from the stepwise procedure and explained 

43.1% of variance in the outcome total work extension 90° (R2=.431, β=.657, t=8.839, 

p<.001). In the second step, disease emerged, in addition to the appendicular lean mass, and 

accounted for an additional 16.8% of the variance in the total work extension 90°outcome 

(R2=.599, R2 change=.168, p<.001). Individually, the appendicular lean mass significantly 

contributed to the outcome with a higher β value (β=.726, t=11.417, p<.001) than disease 

(β=.416, t=6.538, p<.001). In the third step, age emerged as a negative contributor in addition 

to the two predictors in the second step and added 5.7% to the explanation (R2=.656, R2 

change=.057, p<.001). In this step, appendicular lean mass individually contributed to the 

outcome with higher β value (β=.679, t=11.268, p<.001) than disease (β=.402, t=6.782, 

p<.001) and age (β=-.244, t=-4.098, p<.001). In the fourth (final) step, total body leg lean 

also emerged (in addition to the other three). It added 2.1% to the contribution in the variance 

of the total work 90°/s. to the model. Therefore, the final model contributed 67.7% to the 

variance (R2=.677, R2 change=.021, p<.05). In this step, appendicular lean had the highest β 
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value (β=1.786, t=4.059, p<.001); while leg lean (β=-1.118, t=- 2.539, p<.05) and age (β=-

.257, t=-4.417, p<.001) contributed negatively to the total work extension 90°/s., and disease 

contributed positively (β=.409, t=7.081, p<.001); all were significant. Hence, the model as a 

whole accounted for a total of 67.7 % of the variance of the outcome total work extension 

90°/s. 

6. 6. 2. 11 Time to Peak Torque Extension 60°/s  

The model was significant F (1,103) =12.637 (p<.01). It revealed disease as the only 

prediction variable from the eight entered predictors (R2=.048, β=-.220, t=-2.286, p<.05). The 

model added 4.8% of prediction as a whole to in the variance of the outcome time to peak 

torque extension 90°/s. 

6. 6. 2. 12 Time to Peak Torque Extension 90°/s  

The model was significant F (2,102) =10.723 (p<.001). It had two steps. The first one 

emerged with only one predictor, disease (R2=.109, p<.01) which was negatively associated 

(β=-.331, t=-3.555, p<.01). The second step was also significant and added 6.4% to variance 

in the time to reach peak torque extension 90°s (R2=.174, R2 change=.64, p<.001). Age 

emerged as a significant predictor (β=.254, t=2.821, p<.01), in addition to the negative 

contribution from disease (β=-.324, t=-3.602, p<.001). Therefore, the model added 10.9% of 

prediction as a whole to the variance of the outcome time to peak torque extension 90°s. 

 

6. 7 Summary of the Results  

A total of 47 participants with IPD and 58 control participants participated in this study. Of 

all the participants, only two from the control group (BMI=17.91 kg/m2 and 17.33kg/m2) 

were underweight (BMI<18.5 kg/m2). The IPD group had a non-significant difference in the 

mean of BMI than the control group. The mean difference in the BMI between the IPD and 

the control groups was not significant (t-test 1.14, p=0.25) and ranged from 19.76 to 40.03 

(40 is an outlier) and from 17.33 to 36.00 kg/m2 for the IPD and the controls, respectively. 

The BMI mean difference between males and females in both groups was not significantly 

different.  
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For the Disease status and MDS-UPDRS, the mean (SD) of the MDS-UPDRS was 46.4 

(17.7), range from 13 to 98. The mean (SD) of Hoehn and Yahr Staging was 1.91 (0.7) and 

the majority of participants were in stage II of Hoehn and Yahr staging (Fig 6. 1). Slight 

(score 1) dyskinesia and motor fluctuation were recorded. Females were slightly more 

represented in longer duration and disease severity than males. There was no significant 

difference in regard to which side of the body was affected first by the disease (Table 6.5).  

For the postural stability tests, except for the strategy and the latency composites scores, the 

mean differences between the IPD and control groups in the postural stability (equilibrium, 

TUG, TUGH, and Step) tests outcomes were significant (Tables 6. 6). Both groups, the IPD 

and the controls, were mainly using the ankle strategy (79%) with which to maintain postural 

stability. The significance and the mean difference between the IPD and their control groups 

in the TUGH test (t-test 4.5, p<.001) was higher than the TUG (t-test 3.4, p<.01) (Table 6. 6).  

For the ABC Scale and RAPA Questionnaire, the mean difference between the two groups 

for the ABC Scale results was significant (p<.01). For the RAPA Scale, the difference in the 

means between the IPD and the control groups was not significant 0.33 (F=.37) (Table 6. 7).  

For the isokinetic muscle strength test, the mean difference for all the tested variables of the 

two (60°/s and 90°/s) isokinetic torque speeds were all significant, and most of them were 

highly significant (p≤.001). The level of significance was p<.05 for the three strength 

variables, the peak torque/body weight/extension 60°/s, the average peak torque of extension 

and flexion 90°/s, and the average peak torque of flexion 90°/s. In regard to the difference 

between the two groups in the total work, although it was significant for both knee flexion 

and extension strength, this difference was higher and almost double for the knee flexion at 

the two, 60°/s and 90°/s torque speeds compared with the knee extension results (Table 6. 

10).  

For the body composition phenotypes, there was no significant difference in the body 

composition phenotype classifications between the groups (Table 6. 11). However, the fat 

mass was less and the lean mass was higher in the IPD than the control group. In regard to the 

body composition phenotypes there were no record of SO in either the IPD or the control 

group using Baumgartner’s cut scores [189]. For the OO phenotype, there were 15 (32%) in 

the IPD and 24 (41%) in the control group. For the NL, 29 (61%) and 34 (59%) were NL in 
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the IPD and the control groups, respectively (Table 6. 12). Of the total participants only three 

male IPD participants were SS and their average age was 75 years. There were significant 

differences between sexes in most of the body composition phenotype variables for both the 

IPD and the control groups (fat and lean mass), except for the total body fat in the control 

group (p=0.07). Females had almost twice as much regional body fat mass (arms, legs, total 

body) than males. For the lean mass, females of both the IPD and the control groups had less 

lean mass than the males (Table 6. 3).  

For the prospective 6-month falls, fallers in the IPD group comprised 62%, and 48% in the 

control group in the six month period. The number of falls in this six-month period in the IPD 

group was twice that of the control group (Table 6. 8). There was no significant difference 

between males and females in the two types of fall records for both the IPD and the control 

groups. In the IPD group in the six months of fall follow up, eight participants reported falls 

with injuries, the majority being self-reported as “loss of control”. Most of these injuries did 

not require a health professional consultation. In the control group, most of the six months 

self-reported falls resulted in no injury. Very mild injuries (n=6) were reported which were 

treated at home. Two participants from the control group reported major injuries (fractures of 

the right hip) and both were due to outdoor traumatic accidents. 

The significant correlations were mostly within the IPD group. The body composition 

phenotypes variables were correlated with most of the muscle strength variables in both the 

IPD and the control groups. Variable correlations were seen in the postural stability tests and 

the questionnaires. 

Table 6. 17 below summarises the percentage and significances of predictions for each 

emerged model for the results of the stepwise regression. 
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Table 6. 17 Summary of the stepwise regression results. 

Factor Predictors % Total and significance 

Sensory 

Organisation 

Test 

Equilibrium 

composite score 

- sex  

+ disease  

4.1% 

6.4% 

10.5% 
*F (2,102)=5.985 (p<.01)   

Latency composite 

score 

+ total body lean  

+ age 

11.3% 

10.8% 

22.1% (p<.001) 
*F (2,102)= 14.488 (p<.001)   

Timed Up and Go test 

 

- disease 

+ age 

+ leg fat 

11% 

10% 

4% 

25% (p<.001)                                
*F (3,101)=11.464 (p<.001) 

Timed Up and Go High cognition 

test 

 

- disease 

+ age 

+ leg fat 

18% 

9% 

3% 

30% (p<.05) 
*F (3,101)=14.630 (p<.001) 

Step Test (Right side only) 

 

- disease 

 

11% 11% (p<.001) 
*F (1,103)=13.265 (p<.001) 

Peak torque/body weight knee 

extension of 60°/s. 

 

- leg fat 

- age 

+ disease 

+ appendicular lean 

22% 

14% 

13% 

5% 

54% (p<.01) 
*F (4,98)=28.446 (p<.001)   

Peak torque/body weight knee 

extension of 90°/s. 

 

- leg fat 

- age 

+ disease 

+ appendicular lean 

22% 

15% 

8% 

6% 

51% (p<.01) 
*F (4,100)=25.902 (p<.001)   

Total work extension 60°/s. + appendicular lean 

+ disease 

- age  

- leg fat 

37% 

17% 

6% 

2% 

62% (p<.05) 
*F (4,100)=41.410 (p<.001)   

Total work extension 90°/s. + appendicular lean 

+ disease 

- age  

- leg fat 

43% 

17% 

6% 

2% 

66% (p<.001) 
*F (4,100)=52.446 (p<.001)   

Time to peak torque knee extension 

60°/s.  

- disease 

 

5% 5% (p<.05) 
*F (1,103)=12.637 (p<.01)   

Time to peak torque knee extension 

of 90°/s. 

- disease 

+ age 

11% 

6% 

17% (p<.001) 
*F (2,102)=10.723 (p<.001) 

*F: ANOVA, an overall significance of the whole model; +: positive; -: negative; %: 

percentage of contribution in each outcome variance; R2: proportion of variance in the 

dependent variable. 
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CHAPTER 7 DISCUSSION 

 

7. 1 Introduction 

The primary aim of this study was exploratory in nature - to investigate the potential 

relationships between body composition phenotypes with postural stability and lower limb 

muscle strength in people with IPD. A secondary aim was to compare the number of falls 

experienced, fall related injuries, and physical activity participation in people with IPD with 

those of an age and sex matched control group. As a precursor to the main study, a systematic 

review of the literature that identified factors contributing to postural instability in people 

with IPD was undertaken and is described in Chapter 4. This review was purposely broad 

ranging to fully capture factors contributing to or impacting on postural instability in IPD. 

The findings indicate there are multiple causes that contribute to postural instability in IPD. 

Few studies were found that examined muscles weakness in relation to postural instability 

and there were no reports on the association between postural instability and body 

composition phenotypes. Based on the information gaps highlighted in the narrative review 

and the systematic review, a primary study was then developed to investigate the 

relationships of body composition phenotypes with postural stability and isokinetic knee joint 

muscle strength. The findings from the study are discussed below under each of the related 

hypotheses.  

 

7. 2. Hypothesis 1: There would be no significant differences in body composition 

phenotypes between people with IPD and those of age and sex matched control 

participants.  

7. 2. 1 Body Composition Phenotypes  

The null hypothesis 1 was proved, in that no significant differences in the body composition 

phenotypes between people with IPD and the age matched control participants were found. 

Further there were no significant differences between the groups for body weight or BMI. 

There was a higher fat mass and lean body mass in the IPD group compared with the control 

group but this was found to be non-significant. It is worth noting that no participants were 
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categorised with sarcopenia-obesity (SO) and only a few participants with IPD (n=3) were 

sarcopenic (SS). Less obesity was found amongst the IPD group compared to the control 

group, however the finding was not significant, 

In the current study, it was expected that a small proportion of people with IPD and a greater 

portion of control participants would have SO, but this was not the case. The presence of SO 

in older adults has been reported in a large number of cross sectional studies [309, 435-440], 

including one New Zealand study. In the latter study, Waters et. al. [34] found SO to be 

present in 15.8% healthy older adults (age 72.7 SD 6 years, range 56–93). Four studies [37, 

52, 185, 228] have reported the presence of SO in IPD. Revilla et. al. [226] reported the 

presence of SO in a cohort of IPD by investigating body composition phenotypes via DXA 

scan. The study reported total fat mass and percentage of body fat were higher and the lean 

body mass and water content were lower in only the male IPD participants but the authors did 

not suggest a reason for the sex difference in body composition. Revilla et. al. divided 

participants into two groups according to the severity of PD. Those with lower disease 

severity had higher fat body mass and percentage of body fat than those with greater disease 

severity (although this difference was not statistically significant). The mean disease duration 

for the IPD in the current study was almost similar (within the five years) to the results of the 

study by Revilla et. al. - mean (SD)=5.45 (4.7) versus 5.90 (4.8) years. However, the mean of 

the Hoehn and Yahr staging was slightly higher than in the current study, mean (SD)=1.91 

(0.7) versus 2.4 (0.8) which may partially account for the difference in the frequency of SO. 

Petroni et. al. [37] also studied SO by the DXA method in 35 participants (20 male, 15 female 

with a mean (SD) age= 69.7 (5.8) years. This study showed the percentage body fat mean 

(SD)= 30.6 (11.4)% in the overall sample was similar to the percentage body fat mass, mean 

(SD)=30.2 (11.5)%, of the current study sample. As was the case for the study by Revilla 

et.al. the group was in a more advanced stage of IPD than those in the current study. One 

exoplanation for these differences may be that SO only becomes prevalent in people with IPD 

in the more advanced stages of the disease.  

Another reason for the difference between the findings of the studies may be the age of 

participants. The current study used the same cut-off scores as the study by Waters et. al. 

[34], however the mean age of the current sample was slightly younger (mean (SD)= 68.7 
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(9.1) years), which is another potential explanation for the differences between the studies in 

the findings for SO. 

While the obesity (OO) phenotype existed in the current study sample, there was no 

difference in the IPD compared to the control group (% body fat= 30.2 in IPD versus 33.0 in 

the control group). The number of females with OO in both the IPD and the control group 

was nearly double that of the males. 

Of special interest in the current study was the low proportion of people with IPD who were 

SS (n=3, 6%). In contrast, Doherty et. al. [52] found appendicular SS in 29% of a sample of 

people with IPD (n=51, mean age 73.47 years, male=66.7%) and suggested there was an 

association of disability with the presence of the SS in IPD. However, the IPD group in the 

latter study had higher Hoehn and Yahr mean staging (2.82) than the current study. With 

regard to lean body mass, Poehlman et. al. [185] examined resting metabolic rate and body 

composition phenotypes in eight older adults with IPD and 34 age matched control 

participants. The results showed that the participants with IPD had pre-sarcopenia or 

prodromal sarcopenia, with less fat-free mass (approximately 6 kg) than the control 

participants, but a similar resting metabolic rates (1601 (250) kcal/d) which suggested a 

hypermetabolic state. This probably contributed to weight loss in these participants and may 

be a hidden factor in increasing the incidence rate of SS. 

 7. 2. 2 Body Weight 

Results for the current study showed no significant difference in the mean body weight 

between the two investigated groups. Weight loss is said to commonly occur in IPD [421], 

and although motor symptoms are known factors causing weight loss [209, 422, 423], the 

non-motor symptoms can also be implicated. Motor factors can include tremor and rigidity, 

which are factors associated with increased energy expenditure. Non-motor symptoms 

leading to weight loss include depression and dysphagia [424]. Side-effects and 

complications of medications can also limit food intake [425]. In the current study however, 

no one in the IPD group was underweight which is consistent with the results in the study 

performed by Morales-Briceño et. al. [226] who found the larger proportion of the IPD 

sample was over-weight and only two out of 177 were underweight. In the current study, 

findings relating to the motor experience of daily living (M-EDL) of the MDS-UPDRS), 
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indicated only a few participants with IPD complained of difficulties with chewing and 

swallowing, eating, and tremor, and this may explain why no participants were found to be 

underweight. Other studies [422, 428, 429] have shown that people with IPD have lower 

body weight when compared to age-matched healthy participants and that both the body 

weight and BMI are reduced more in females than males. A multiple regression analysis 

[430] found that 50% of people with IPD suffered from weight loss and 67% expressed 

eating difficulties and had other nutritional problems. In another study using multiple 

regression analysis [423] the presence of decreased weight in IPD, despite a high energy 

intake, was more prevalent in people with increased disease manifestations and decreased 

cognitive function. The latter study concluded that the determinants for weight loss were 

female sex, greater age and low physical activity. In regard to these aspects participants in the 

current study were moderately physically active (see RAPA results) and were of a younger 

age than in the aforementioned study, and this may in part explain why fewer participants 

were under-weight. 

7. 2. 3 Body Mass Index 

In the current study there was no significant difference between the two investigated groups 

for BMI, but the IPD group had a slightly higher mean BMI than the control group. These 

results are unlike most studies which report a decrease in BMI in IPD. Van der Marck et. al. 

[431] published a meta-analysis on BMI of IPD from seven studies. The pooled data showed 

that people with IPD had a significantly lower BMI than their controls, and those at a Hoehn 

and Yahr stage III had a lower BMI than those at stage II. Bachmann et. al. [422], in their 

review, also reported a decrease in the BMI in people with IPD, and implicated a number of 

motor and non-motor symptoms as the cause, including high doses of L-Dopa in more 

advanced stages of IPD. Morales-Briceñ, et. al. [226] similarly reported a significantly lower 

BMI in participants with IPD (n=177) than in healthy controls (n=177). Participants in the 

current study were mostly in stage II which may account for their mean BMI being higher 

than that reported in other studies.   

Kim et. al. [432] in a 36 month follow-up study, reported an association of a decrease in BMI 

with a decline in the cognitive function, and the authors considered dementia to be a 

contributing factor. The current study reported a very low degree (1.1) of cognitive decline 
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(cognitive score of the MDS-UPDRS), and this may also partly explain the finding of normal 

BMIs in the participants with IPD. Barichella et. al. [433] and Cheshire et. al. [434] also 

found a reduction in the mean BMI in the sample of people with IPD they studied (n = 100) 

and these authors suggested a deterioration in the nutritional status as the common factor 

associated with declining BMI. Nozaki et. al. [222] reported only a significant sex related 

difference (p< .005) in the mean BMI - it was significantly different between females with 

IPD (n=71 out of 105) and female controls, with no significant difference in mean BMI found 

between the male participants. 

 

7. 3 Hypothesis 2: There would be no significant differences in postural stability, using 

computerised dynamic posturography and a range of clinical tests, between people with 

IPD and those of age and sex matched control participants.  

The null hypothesis 2 was not upheld as significant differences in postural stability tests, 

using computerised dynamic posturography and a range of clinical tests, between people with 

IPD and those of age and sex matched control participants were found.  

7. 3. 1 The Sensory Organisation Test  

Significant differences were identified for the mean equilibrium composite score (p<.05) 

when comparing the IPD group with the control group; no significant differences were found 

for the strategy composite score and the latency composite score. The equilibrium score 

reflects the overall score of six sensory conditions that represent coordination of the three 

crucial sensory systems (somato-sensory, visual, and vestibular) for postural stability. It 

measures how well a person maintains equilibrium under varying sensory conditions. In 

addition, it specifies the selection of the appropriate type of sensory system by the central 

nervous system. These findings suggests a deficit in the ability of participants with IPD to 

adapt to altered visual and support surfaces in the environment and furthermore that these 

participants may have an impairment in integrating the three sensory systems (proprioception, 

visual, and vestibular) used to maintain postural stability during the upright stance. These 

results correspond with other studies which have reported deficits in people with IPD 

associated with the sensory organisation system and reorganisation of sensory priorities for 

postural control [243, 363, 364, 397]. However, the results of these studies were mixed, 
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probably due to the heterogeneity of the disease, the use of variable medications, and varying 

statistical methods used for analysis. Much of this topic was addressed previously in Chapter 

4, the systematic review. 

A number of studies have reported a significant decrease in equilibrium score (p<.01) of 

participants with IPD in comparison to the control participants, consistent with the findings of 

the current study [397, 398, 399, 363]. Marsden et. al. [398, 399] reported that although more 

than one factor contributed to postural instability in people with IPD, the most obvious 

impairment was a deficit in the proprioceptive mechanism which showed as a delay in the 

correction of false movement following perturbation. Rossi et. al. [5], Al-Zamil et. al. [363] 

and Marsden et. al. [398, 399] take this argument further and claim that a decrease in the 

vestibular input could attenuate the effectiveness of visual and proprioceptive stimuli.  In the 

study by Al-Zamil et. al. the sample was smaller (n =15) and older (mean (SD) 70.1 (12.2), 

range 60-89 years) than in the current study, which may reflect the difference in the resulting 

equilibrium composite score. Bronstein et. al. [396] however suggest that people with IPD are 

selectively dependent on visual inputs for their motor tasks and have lost the ability to 

prevent the destabilizing effect of visual stimuli (visual-postural loop), and this causes a loss 

in adaptation to changes in the environment. The study by Bronstein et. al. and the present 

study used the total score of the six conditions of the SOT (equilibrium composite score), 

hence, neither study was unable to conclude or predict the specific kind of impaired sensory 

input.  

Toole et. al. [282] claim there is a high positive coefficient for strategy in IPD and 

demonstrated a range of 74.3 to 90.5 composite strategy scores. Their findings were 

consistent with the current result that the IPD group, like the controls, utilise ankle strategy in 

maintaining equilibrium. Toole et. al. found the strategy composite score is a predictor for 

equilibrium and concluded that some individuals with IPD were capable of using more ankle 

strategy than the hip strategy to maintain postural stability. Unlike the current study, Toole et. 

al. found that the postural stabilising strategy was impaired, particularly when proprioceptive 

input was disrupted. De Nunzio et. al. [390] also showed that participants with IPD have a 

delay in organising postural strategy during changes in the sensory condition compared with 

a control group, which again was contrary to the current study’s finding of no difference in 

the strategy score.   
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Nallegowda et. al. [18] found that people with IPD used less ankle strategy when in an “off” 

stage and showed improvement after introduction of L-Dopa medication (p<.04). This is 

consistent with the current study findings as testing was performed during the “on” state and 

there was a lack of significant difference between results for the two compared groups for the 

strategy score. This could suggest a positive effect of medication on the postural system. The 

insignificant difference in the strategy score between the IPD and the control group in the 

current study may be attributed to the mild to moderate severity of the investigated group.  

Colnat-Coullbois et. al. [365] also investigated postural balance during the “on” state of 

medical therapy in advanced IPD stage (Hoehn and Yahr =IV) and an age-matched control 

group. They calculated the equilibrium and strategy scores for the SOT and found a highly 

significant difference between the two investigated groups in the equilibrium composite score 

(p<.001) and the composite strategy score (p<.001). These authors concluded that individuals 

with IPD have difficulty in controlling sway in more complex sensory conflicting tasks which 

caused erroneous inputs and compromised the integrity of maintaining equilibrium (p< .001). 

The findings of the current study are consistent with the equilibrium deficit, but not with the 

strategy score. These differences in findings could be explained in terms of disease severity, 

with the sample in the Colnat-Coullbois et. al. study being of a more advanced disease stage. 

As there is a scarcity of studies reporting the use of the MCT test using the EquiTest 

posturography in IPD, the latency results for the current study, although insignificant, were 

compared with EMG results reported in other studies. Two studies were conducted by Chong 

et. al. and one study by Horak et. al. [375] on latencies of leg muscles responses. Chong et. al 

[391] conducted their study on eight participants with IPD, and investigated a “postural set” 

response for adapting and changing the neural pathway of muscle response to perturbation. 

This study showed there was a disorder in the adaptation of leg muscle amplitude (p<.05) to 

perturbation. The participants with IPD inadequately changed and quickly suppressed the 

activity of the tibialis anterior and soleus muscles during standing in comparison to the 

healthy group and to those with Alzheimer’s disease. The authors suggested that participants 

with IPD had a deficit in the immediate adaptation to alteration in the support condition and 

that this was due to a deficit in the postural set of normal adaptive motor responses and not 

due to onset latency of the response, which was normal in all three tested groups. Likewise, 

Horak et. al. [375] found no difference in the EMG latency of muscle response during 
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alteration of sensory conditions, implying that the participants with IPD in this study had lost 

the ability to modify their responses to varying perturbation conditions. The current study 

also found no differences in the latency of onset to perturbation between the IPD and control 

groups. The second study by Chong et. al. [374] investigated the amplitude of the tibialis 

anterior and the gastrocnemius muscle automatic responses during translation and rotation in 

standing. The IPD group showed a slow response in the first toes-up rotation and they did not 

quickly change the response of sensory-motor postural set to perturbation, compared with the 

healthy control group. The study suggested that individuals with IPD have difficulty in the 

set-dependent responses and need time to adapt to a new condition to secure balance. The 

current study only assessed the latency to surface translation and did not investigate 

amplitude scaling of postural responses. 

In contrast to the results of the above studies, Bazalgette et. al. [383], who studied EMG 

activity of postural adjustment during rapid voluntary movement, found a significant 

difference between the IPD and control groups in their reaction time (time between signal and 

onset of movement in response to the signal). The authors found postural adjustment was not 

specific or appropriate to the task and few participants (5%) had correct anticipation, while 

the control group had 100% correct anticipation; however, this discrepancy in findings of 

Bazalgette et. al. to those of the previous reviewed studies and the current study is likely to be 

explained by the different test parameters (dynamic postural movement compared with static 

standing) and test variables used (EMG versus centre of pressure). Dietz et. al. [10] studied 

latencies of EMG muscle response to perturbation in an IPD and a control group. Only the 

IPD group showed lowered displacement velocity due to weak stretch sensitivity of 

gastrocnemius muscle and the reduced ability to compensate for perturbation. This was 

demonstrated by a reduction in the response of the gastrocnemius muscle to stretch, followed 

by contraction of the tibialis anterior muscle and stiffness due to increased resistance in the 

extensor muscle group. Hence, the angular rotation of the ankle joint was slower than in the 

control group [10].  

Kim et. al. [7] reported that all the three (young healthy, old healthy, and IPD) tested groups 

were able to gradually scale their postural feedback gains and joint torque responses as a 

functional response to perturbation amplitude to adjust for biomechanical constraints. 

Nevertheless, those with IPD were less flexible in their ankle torque perturbation. The latter 
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group had less ankle gain and a larger hip gain in their response (p<.05) [7], which implied a 

bradykinetic postural response. Termoz et. al. [151] found similar postural control 

mechanisms in the three (young, older adults and IPD) investigated participants when the feet 

were close together. However, during 45 degree standing feet apart to control swaying, the 

net COP contributed to both ankle and hip strategy. Those with IPD resorted  to lower 

amplitude responses than the older adult control group and took on a ‘stiffness’ strategy that 

contained both ankle and hip strategies  to control balance which caused a stooped posture. In 

contrast, the results of the current study suggested there was no effect of stiffness on postural 

stability in the IPD sample because there was no difference in the latency between the two 

investigated groups and both groups predominantly used the ankle strategy to maintain 

postural stability.  

De Nunzio et. al. [390] claimed that delay in adapting to the new visual reference and the 

increased latency of tibialis anterior muscle activity were the causes of postural instability in 

those with IPD. However, Tonolli et. al. [385] argued that the time taken with this response 

during lateral leg raising and shifting body weight was the same as for the control group, and 

that the strategy itself was abnormal and smaller [385]. Frank et. al. [360] found the relative 

timing of both tibialis anterior and  gastrocnemius muscle responses was abnormal during a 

rise to toes motor task, suggesting that the postural adjustment was reduced during the test 

because of slow muscle responses and small amplitudes [360]. However, the current study 

found no differences in either the latency or strategy composite scores. 

Although a large number of studies have suggested there are deficits in the SOT, in particular 

the equilibrium score, there are contradictory findings on the strategy score, which is 

probably a result of the variable methods implemented to measure the latency of responses to 

perturbation and the various motor tasks performed during testing. Nevertheless, our findings 

are consistent with results for latency obtained by Tonolli et. al. and Frank et. al. 

7. 3. 2 The Timed Up and Go Test 

In the current study, there were highly significant differences between the IPD and the 

control groups for both the TUG (p<.001) and the high cognition TUG (TUGH) (p<.001) 

tests. These findings demonstrated that a longer time was required for the IPD group to 

perform the test which implied reduced postural stability or gait speed compared to the 
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control group. Again, the TUG test performance was reduced in the IPD but not in the control 

group when they shifted from the unitask to the more difficult cognitive dual task.  

The significance of Levene’s test for equality of variances for the two tests, the TUG (p<.05) 

and the THGH (p<.01), however indicated that the variances between the IPD and the control 

group were not homogenous (unequal variances). Thus, it needs to be acknowledged that this 

could be a violation of the equality of assumption and create a type 1 error. 

The results of the current study for the TUG test are consistent with the other studies [5, 161, 

316]. Campbell et. al. [316] who used three types of the TUG (TUG Base, TUGLow, and 

TUGHigh) showed a significant difference (p<.001) between the IPD and the control group for 

each of the three conditions. The former group was slower and took more steps; however, 

there was no difference between the basic task and the low cognitive dual task. Likewise Mak 

and Pang [161] and Rossi et. al. [5] reported significant differences between those with IPD 

and controls for the TUG test. In the study by Rossi et. al. [5] the participants with IPD were 

in stages similar to the current study (II to IV of the Hoehn and Yahr disease staging). The 

impact of a dual (secondary) task on balance has been reported in many studies on cohorts of 

people with IPD. A study by Morris et. al. [16] showed a significant impact of the dual 

cognitive task on postural stability through several tests that produced internal and external 

perturbations among 45 participants who were divided into three groups equally: fallers and 

non fallers, and healthy age matched control groups. A similar study by O’Shea et. al. [401] 

investigated the impact of the type of dual task (cognitive versus motor) during walking tasks 

of self-selected speed using a computerised stride analyser. Dual motor (coin transference) 

and cognitive (digital subtraction) tasks were performed with 15 participants with IPD and 15 

controls. Differences in the performance of walking tasks when shifting the performance 

from a unitask to a dual task were present in both the IPD and the control groups. The current 

study’s results for the IPD group agree with the findings of O’Shea et. al. although different 

postural stability tests were performed. For the control group, the current study’s results were 

not consistent with the results of O’Shea et. al.. The latter found a negative effect of the dual 

task, not only in the IPD group, but also in the control group. In the current study, there was 

no impact of the dual task (TUGH) on the control group in performing the TUG tests. This 

discrepancy may be explained by the different types of tests used in the two studies, although 
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O’Shea et. al. found that the type of secondary task was not a main element of the severity of 

dual task interference [401].   

McNeely et. al. [402] investigated the TUG test as part of a range of functional gait and 

balance performance tasks involving 22 people with IPD “off” and “on” medication and 20 

healthy older adults. The authors found those with IPD during the “on” state improved their 

balance and gait tests performances, but they required more time than the control group. The 

authors argued that the TUG test in IPD did not improve with medication to the level of the 

control group, regardless of task complexity. The current study’s results are consistent with 

this study in that the TUG test was affected in those with IPD, even during the “on” state of 

medication. 

Plotnik et. al. [403] studied the relationship between cognitive function, gait, and fall risk in 

IPD during the "on" state of the Parkinson’s therapy. The study appraised the cognitive 

function on mobility by a computerised battery of cognitive function and gait capability dual 

cognitive tasks during normal walking, and executive function in 30 participants who were 

fallers (n=16) and non-fallers with IPD. The authors used the TUG as a clinical tool to 

evaluate the mobility. The study showed that the executive function and attention scores were 

lower in the fallers, compared to non-fallers (p<.05), but general measures of cognition, were 

not significant. Gait speed, variability, and the bilateral coordination of gait were worse in the 

fallers in all conditions. The impact of the dual task on gait variability (p<.05) and bilateral 

coordination (p=.061) were larger in the fallers, suggesting faller were affected significantly 

by tasks demanding attention during every day activity. The mean (SD) time for completing 

the TUGB for IPD in this study was 9.3s (7.9) versus 9.8s (2.9) in the current study. This 

difference may be explained by the slightly higher mean (SD) level of disease stage 

(measured by Hoehn and Yahr) which was 2.1 (0.6) versus 1.9 (0.7), respectively. The type 

of the cognitive task could also be a cause for this difference. The current study design 

differed from that of Plotnik et. al. as it did not categorise IPD sample into fallers and non 

fallers. The current study used people living in the community as controls and some of them 

had accidental falls during outdoor activities. 
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7. 3. 3 The Step Test 

The Step Test represents a balance test that produces an internal perturbation. The current 

study found significant differences between the IPD and control groups for each of the two 

sides, the right and the left (p<.001). Smithson et. al. [325] used this test with 20 participants 

with IPD (10 fallers and 10 non-fallers) and an age matched control group. There was no 

difference in performing the Step Test between the non-fallers of IPD and their age-matched 

control participants, but a significant difference (p<.05) was found between IPD-fallers and 

their age-matched control group. In the current study, a subgroup analysis of participants with 

IPD with regards to falling was not performed.  

Neither the current study nor the Smithson et. al. one found differences between the right leg 

and the left leg in performing the Step Test. The scores in the Smithson et. al. study in both 

legs were lower than the current study for both IPD and the control groups; this difference is 

probably attributed to the difference in the sample participants. The Smithson et. al. study 

included participants who had a longer (double) disease duration and older age, a smaller 

sample size and higher Hoehn and Yahr staging of the disease.  

It should be noted that although the Step Test is a simple, reliable test for investigating 

dynamic stability and postural responses to self-induced perturbation in a standing position in 

older adults [324, 325, 404] and is commonly used in older adult research [405, 406],  very 

few studies have used it in research with people with IPD.  

 

7. 4 Hypothesis 3: There would be no significant difference in isokinetic muscle strength 

of lower limbs in people with IPD and those of age and sex matched control participants.  

The null hypothesis was declined and the alternative accepted; a significant difference in 

isokinetic muscle strength of lower limbs in people with IPD and those of age and sex 

matched control participants was found.  

Although muscle weakness is never cited as one of the classical signs of IPD, people with 

IPD are often found to have muscle weakness, particularly round the knee and ankle joints 

[18, 19, 174]. In fact, research has shown that muscle weakness around the knee joint is a 
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predictor of falls risk and also a modifiable factor [417]. Canoe-de-la-Cuerda et. al. [171] 

reviewed 17 studies on muscle weakness in IPD and showed that muscle weakness is present 

in IPD and can be present at an early stage of the disease. In the current study, a significant 

difference was found in isokinetic muscle strength for different types of knee muscle strength 

parameters between the IPD and control groups. No differences in muscle strength were 

found between sides of the body, which is contrary to the findings of the Canoe-de-la-Cuerda 

et. al. review, which reported that although weakness may be present on both sides of the 

body, it is more likely to be asymmetric.   

Although it may be argued that there is a progressive loss of muscle strength associated with 

age [163, 164] and that this may be the underlying reason for wekness in people with IPD, 

Koller and Kase [46] reported that isometric muscle strength was decreased substantially in 

people with IPD compared to older healthy people. These authors also found a decrease in the 

muscle strength in early the stages of the disease. Weakness was present both on the side 

affected and unaffected by Parkinsonism. Similar degrees of weakness occurred in limbs with 

tremor or rigidity.  

Other studies have reported a difference between right and left knee muscle strength in a 

cohort of people with IPD with unilateral Parkinsonism [172, 175]. These studies [172, 175] 

measured isokinetic muscle strength under torque speeds of 30°/s and 90°/s and found the 

more affected side to be weaker both at slower (30°/s) and at faster (90°/s) speeds in the early 

stage of the disease. The difference in time to maximum peak torque between the two sides 

was not significant, which indicates that the torque pattern was maintained on the more 

affected side. The weakness, the authors suggested, depends on velocity (torque speed) and 

on disease stage [172].  

Nogaki et. al. [175, 176] found a difference in isokinetic muscle strength in knee flexion and 

extension. The weakness was increased with the increased torque speed, which was more in 

the more advanced stage of the disease. Nogaki et. al. attributed this to the influence of 

bradykinesia. However, in a cross sectional controlled study for isokinetic muscle strength on 

three (ankle, knee, and hip) joints under torque speeds of 90°/s,120°/s and 150°/s, Durmus et. 

al. [21] found a significant weakness at the knee and hip, but reported that this weakness was 

independent of the velocity of testing [18, 21, 172, 418]. Stelmach and Worringham [419] 
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conducted an isometric assessment of maximal force strength of elbow flexors and found the 

time to peak force in extension and flexion was higher in IPD (577ms) compared to the 

control group (255 ms) (p<.06).  Similarly, in the current study, time to peak torque in the 

two tested speeds was significantly different and longer in the IPD  group in comparison to 

the control group (p<.001). The current study found a slight difference between the two 

groups in the time to peak torque between the speed of 60°/s and the 90°/s. It was less in the 

torque speed 60°/s than the 90°/s, perhaps implying less impact of bradykinesia during slow 

speed testing. This was probably due to the effect of torque speed on strength, as isokinetic 

strength is velocity dependent. 

The presence of muscle weakness is substantial in IPD even when those affected are under 

the effect of medication [18]. Nallegowda et. al. [18] found a reduction in the isokinetic 

muscle strength of the trunk, hip and ankle muscles (measured at three speeds - 90°/s, 120°/s, 

150°/s) in people with IPD, which although it significantly improved (p < .001) was still 

present after the introduction of anti-Parkinsonian medication, which included L-Dopa. A 

positive correlation of muscle strength with gait velocity (r=0.037 in “on” and r=0.56 in 

“off”) and with static and dynamic balance was also reported. A decrease in peak torque 

during isometric concentric and eccentric ankle dorsiflexion with three torque speeds (30°/s, 

120°/s, and 180°/s) in a sample of people with IPD was reported by Pederson and Oberg 

[418]. This weakness was present even in those who were in an early stage of their 

Parkinson’s disease and worsened after withdrawal of medication. These results, although 

using different torque speed and both concentric and eccentric type of muscle strength tests, 

are consistent with the current study’s results.  

There appears to be a gender influence on muscle strength in IPD. The current study findings 

were consistent with findings of Malicka et. al. [288] who found that women with IPD were 

60-70% weaker in knee muscle strength than male participants, and this weakness was 

greater at a higher velocity (180°/s) than at a lower velocity (60°/s). However, unlike the 

current study, these authors found that the extensor muscles were weaker than the flexor 

muscles.  

An isokinetic study was performed by Inkster et. al. [173] with 10 male participants with a 

mild degree of the IPD disease (mean of 2.1 on the modified Hoehn and Yahr scale) during 
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“on” and “off” state of the medication and 10 age-matched male control participants. The 

study revealed that the IPD group produced a smaller force at the knee and hip than the 

control group. The authors suggested that this weakness was linked to impaired functional 

performance at the knee and hip (such as rising from a chair) and was associated with the 

progress of the disease severity.   

The Inkster et. al. study [173], along with other studies [176, 288, 420] reported that the 

lower limb extensor muscles groups were weaker than the lower limb flexors muscles groups, 

but the current study found the opposite. The reason for this may be due to the fact that 26% 

of the current study’s participants with IPD were also attending a rehabilitation programme 

which concentrated on promoting physical activity and maintaining balance. 

 

7. 5 Hypothesis 4: There would be no differences in balance confidence, physical activity 

participation between people with IPD and age and sex matched control participants. 

The null hypothesis was declined, there was a significant differences found for balance 

confidence, physical activity participation between people with IPD and age and sex matched 

control participants. 

7. 5. 1 Activity-specific Balance Confidence Scale 

The current study measured self-perceived confidence with balance and the fear of falling 

with the ABC scale [328] and found a moderate (≥70 and <90) level of balance confidence 

(mean ABC=76.1) in the IPD group, which was significant (p<.01) and lower than the control 

group (mean ABC=86.8). These results concur with those of a number of studies [20, 160, 

161, 407, 408]. Adkin et. al. [160] reported a significant difference (p<.01) in all the 16 items 

of the ABC scale between participants (n=58) with IPD (mean 68.7, 1SE 2.9%) and (n=30) 

age matched control groups (mean 93.2, 1SE 2.9%). These authors found strong evidence for 

fear of falling in people with IPD. A decrease in the ABC score in those with IPD was 

associated with an increase in the sway area of the COP (r2=.81) and an increased UPDRS-

PG score (r2=.28). The authors suggested that fear of falling may be an independent risk 

factor for falling in people with IPD. The mean (SD) ABC score of the IPD group for the 

current study was higher 76.1(17.3) than the ABC score reported by Adkin et. al. The reason 
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for the higher mean (SD) score could be due to longer disease duration – mean 6.5 (4.9) 

years, in the study by Adkin et. al. than in the present study; however, these authors did not 

report on disease stage or severity. 

Mak and Pang [409] reported that participants with IPD in their study had lower ABC mean 

(SD) scores 67.8 (16.8) than control participants 83.3 (14.7). The ABC score, via a regression 

analysis, remained independently associated with the six meter walking distance in 

participants with IPD, accounting for 17.1% of the variance (p< .001). The authors concluded 

that balance efficacy is an important independent determinant of functional walking capacity.  

In another study by Mak and Pang [162] IPD-fallers had significantly lower ABC scores than 

IPD non-fallers, and the authors found that a score >80 for the ABC was significantly 

associated with a lower fall risk (p<.05). Based on this ABC score, it was concluded that the 

current IPD sample was at risk of falling, while the control group was not - results were 

substantiated by the significant number of falls reported by the IPD participants in the current 

study.  

The current study’s findings were also consistent with yet another study by Mak and Pang 

[20]. In this study, the authors found those with IPD had a moderate level of balance 

confidence, mean (SD)=73.5 (19.3), which was similar to that of the current study’s results, 

76.1 (17.3), even though the former study IPD group had a slightly higher mean (SD) Hoehn 

and Yahr stage (2.5 (1.0)) than the current study’s (1.91 (0.7). In addition, the Mak and Pang 

[20] study found there was an independent association of UPDRS-PG and muscle strength 

with ABC score. The former accounted for 13.4% in the variance (p<.001) and the latter 

accounted for an additional 7.3% in the variance in determining the level of fear of falling 

(p<.05). These results are supported by the findings of Cubo et. al. [407] who suggested that 

fear of falling is a common and disabling manifestation in IPD and plays a considerable role 

in caregiver burden. Cubo et. al. showed 53% of the IPD participants had a fear of falling and 

this was highly correlated with motor impairment (r=-0.77), impairment of ADL (r=-.69), and 

cognitive impairment (r=.40). 

Thus the results of these studies and the current study have suggested that balance confidence 

is impaired in IPD. Activities of daily living have been associated with declining balance 

confidence in older adults and fear of falling is a factor that leads to a worsening in the 
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general health condition and lower quality of life, even when controlling for related 

background factors [410]. Further, it has been shown that physical function declines more in 

those with poor balance confidence [411]. Decrease balance confidence can be more 

disabling and have a greater impact on physical function of people with IPD than healthy 

individuals for the similar age [160] and building a programme based on knowledge of this 

difference should be an important goal for rehabilitation. 

Morris et. al. [412] recommended a model of physiotherapy management for people with 

IPD. The model advocates a task-specific approach to training and building strategies to 

enhance performance and confidence. It specifically highlights movement disorders such as 

postural instability and falls within the context of functional motor tasks of everyday living 

such as walking and turning around.   

7. 5. 2 The Rapid Assessment Physical Activity Questionnaire 

The difference in the reported RAPA between the IPD (mean score 5.9) and the control 

groups was non-significant in the current study (mean score 5.6). It is worth noting that there 

was a considerable proportion (24%) of participants with IPD who were participating in light 

physical and physiotherapeutic activities for few hours once a week during the period of their 

participation in the research. This could be the reason for the non-significant difference in the 

RAPA between the two groups. 

As stated previously, the RAPA has not been validated in people with IPD and there are thus 

no reports on the use of the RAPA in IPD to compare the findings of this study with.  

  

7. 6 Hypothesis 5: There would be no differences in number of falls over six months 

between people with IPD and age and sex matched control participants. 

There was significant difference in the number of falls between the IPD and the control 

groups. The finding of the current study for the six month of fall follow-up is that falling is 

common and frequent in people with IPD. The mean (SD) number of falls 2.0 (2.9) in the 

IPD group was higher than for the control group 0.8 (1.0).  Around 62% of participants with 

IPD reported at least one fall, while 48% in the control group reported one fall. These results 

concur with a number of fall studies undertaken on people with IPD [43, 150, 316, 370], 
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though in these studies there was an extensive range in the frequency of recurrent falls 

experienced by people with IPD. For example, Bloem et. al. 2001 [370] studied falls 

prospectively for 6 months in 59 people moderately affected with IPD and reported a fall rate 

of 50% and that half of the participants were recurrent fallers. Although 62% of the fallers 

reported injuries, there were no reports of fracture, whereas the current study reported injuries 

in eight participants with IPD of whom two sustained a hip fracture. Interestingly, in the 

current study, the control group also had a high number of fallers, which is higher than that 

reported in many other studies. It is worth noting that most of the falls in the control 

participants resulted in no injury and all the falls happened outdoors during work or 

gardening on a slippery ground. Another reason for this high report of falling in the control 

group could be the high proportion of female participants in the control group, as it is known 

that female older adults are more prone to fall than male older adults [150, 415]. Allen et. al. 

[127] conducted a systematic review of 22 studies on recurrent falls in IPD and found 60.5% 

of participants reported at least one fall and 39% of them reported recurrent falls. Similarly, 

in the current study, for the six months fall follow-up, 29 (62%) participants with IPD were 

fallers and 14 (30%) were recurrent fallers. Pickering et. al. [148] conducted a meta-analysis 

on three months prospective falls in IPD. The review identified six prospective studies 

(n=473). The rate of falls was 46% and it was even higher (21%) among people with IPD 

without prior falls. The estimation risk of fall in this study concurs with the current results, 

though the current study’s participants had a higher MDS-UPDRS score than that of the 

Pickering study and there was a different duration of the fall follow-up. 

Why people with IPD frequently fall is not clear. Ashburn et. al. 2001 [43] conducted a 

randomised controlled trial on the characteristic features of falls in IPD. The study confirmed 

that specific factors within the disease such as the severity, medication, depression, and 

anxiousness increased the risk of falling. Willemsen et. al. [414] concluded that falls in IPD 

mostly related to intrinsic factors, linked to postural instability, and that a dual task activity 

increased the number of falls. 

Homann et. al. [416] conducted a prospective fall study for 12 months. Among 228 patients 

with neurological diseases, the study found those with IPD had the next highest proportion of 

falls (77%) after those with stroke (89%), but higher than those with dementia (60%) and 

epilepsy (57%). The study found those with IPD per se were further predisposed to recurrent 
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falls, in addition, a higher number of neurological comorbidities, lower ABC scores, higher 

age, and female sex proved to increase the risk of recurrent falls. Results of the study by 

Koller et. al. [51] found a correlation between falling and postural instability, bradykinesia, 

and rigidity and this was related to age and duration of disease. Interestingly, this study found 

that the frequency of falling was correlated only with the severity of postural instability and 

was not improved with L-Dopa replacement therapy. In the current study, there was a highly 

significant difference between the two tested groups with regards to the prospective fall recall 

(fall follow up in six months). In the current study, the prospective six months fall, the IPD-

fallers were higher (n =29, 62%) than the control group, and reported 92 falls. These results 

are in agreement with the study of Koller et. al. [51]. 

 

7. 7 Hypothesis 6: There would be no significant relationships between body composition 

phenotype and measures of postural stability and lower limb muscles strength in people 

with IPD.  

Results of this study rejected the null hypothesis and accepted the alternative hypothesis that 

significant relationships between postural stability and muscle strength with body 

composition phenotypes are present in people with IPD. 

This thesis identified body composition phenotype variables, the total body lean mass, 

appendicular lean mass and the leg fat mass most strongly predicted the variations in postural 

instability and muscle strength.  These relationships are however complex, and are discussed 

in the section below.  

Relationships Between Body Composition Phenotype and Measures of Postural Stability 

Tests 

The study demonstrated that obesity, in particular leg fat may be more important than 

sarcopenia in predicting postural instability and muscle strength. Obesity was associated with 

longer time to perform both (the basic and the cognitive dual task) TUG tests. As the 

association of body composition phenotypes with postural stability in IPD has not previously 

been reported, the findings of the current study cannot be discussed relative to other studies.  



 

 

147 

 

As described in the results, sex, age and disease were also included, in addition to body 

composition phenotype in the regression model and found to have a significant impact on 

postural stability. The sex factor in the current study explained a negative small association (-

4%, p<.05) with the equilibrium composite score. This sex-related finding has been reported 

previously. Roland et. al. [442] in a systematic review suggested that IPD-females had 

reduced dynamic balance compared to IPD-males and healthy age-matched females. 

Schenkman et. al. [389] measured a range of functional tests, axial rotation, spinal flexibility, 

and dynamic balance in participants with (n=56, 14 females, mean age=70.7 (7.4) years) and 

without (n=195, 129 females, mean age=71.4 (5.0) years) IPD. The study found a significant 

contribution (p<.01) of the “gender” factor in the variance of balance control (functional 

reach). The results of the current study concur with the findings in older adults by Faraldo-

García et. al. [443] who suggested a sex difference should be taken into account because it 

has influence on performance in certain conditions within the SOT. The sex difference was 

also reported by Pavol et. al. [444] who found older females were more likely than men to 

fall following a trip.  

Disease and age were found to be predictors of postural stability status in the current study: 

disease predicted the equilibrium composite score (6.4%) and the TUG (11%) and the TUGH 

(18%) scores, and age predicted the latency composite score and the TUG and TUGH (9 - 

10%). Similar to the current study, Bosek et. al. [87] reported the impact of the IPD per se 

and ageing on postural stability. These authors found disease-specific and age-specific 

changes in the dynamics of the COP.  

The current study identified disease as a significant contributor (11.4%, p<.001) on the Step 

Test with the right leg. The stepwise regression process did not emerge for the left leg as a 

contributor for latency, probably because of effect of the difference in the association 

between the dominant side and the side more affected. Demura et. al. studied sex and age 

differences in various stepping movements of older adults. These authors’ report suggested a 

significant contribution made by age and sex for bilateral stepping right and left and the 

number of steps for the bilateral and double support time of stepping test [445].  

It is not surprising that age was found to be a predictive factor in postural instability, indeed 

the impact of age on the progressive decline of Dopamine in the basal ganglia, in particular 
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the substantia nigra pars compacta, has been documented [446]. Colebrooke et. al. [446] 

reported a link between motor performance and age-related decline of neuronal basal ganglia 

cell loss in a genetic mouse model of Parkinson's disease. Bosek et. al. [87] have reported on 

the significance of age as a contributor for postural instability in IPD. Incidence rate of the 

IPD increases with age. Dickin et. al. [449] suggested there is an age-related decline in 

postural control in altered sensory environments and reported age as a contributing factor for 

a deficit in postural stability in the lateral stepping in older adults. In Chapter 2 the 

relationship between ageing, the disease (2. 3. 6), and postural instability was reviewed. 

Relationships between Body Composition Phenotype and Measures of Muscle Strength  

Similar to postural instability, it appears that obesity, in particular leg fat, is more important 

than sarcopenia in predicting muscle strength, because it highly, negatively contributed to 

isokinetic muscle strength at both test torque speeds (60°/s and 90°/s).  The current study 

appears to be the first study to explore the relationship between body composition phenotypes 

and muscle strength in IPD, therefore, precluding discussion about previous literature.  

In the current study, the disease factor explained a significant proportion in the variance of 

peak torque body weight in a torque speed of 60°/s (13%) and 90°/s (8%).The disease impact 

of muscle strength in IPD has been previously explored. Toole et. al. [282] reported highly 

significant inter-correlations among the knee joint muscle strength variables in 11 

participants with IPD of stage I to IV of Hoehn and Yahr staging of the disease. These 

authors investigated one variable, namely peak torque 90°/s of flexion relative to extension, 

whilst the current study investigated several variables. Nocera et. al. [19] investigated 

isokinetic knee muscle strength and balance in IPD. The study, using regression analysis, 

examined a cohort of 44 participants with IPD. The authors showed a decrease in the 

concentric isokinetic knee extensor muscle strength of peak torque 60°/ s and dynamic 

stability were consistently and statistically related to the disease severity and decreased 

function. The study by Nocera et. al. [19] used peak torque without combining it with body 

weight and had no comparison group.  

Our findings confirm the few previous results on isokinetic muscle weakness in IPD around 

the knee joint. It also yields new information on the extent of this impairment and its 

relationship with body composition, sex, age, and disease status. Investigating a relatively 
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large number (items=16) of different isokinetic muscle strength adds to the robustness of the 

findings and provides new information on the difference between the strength of flexion and 

extension and the time to reach maximal strength (peak torque) of the isokinetic muscle 

strength around the knee joint. This information can be used to guide exercise programmes 

for people with IPD. 

 

7. 8 Significance and Contribution of the Thesis to the Research Literature 

This study was significant in that it appears to be the first study that has primarily 

investigated the relationship between body composition, postural stability and muscle 

strength in people with IPD. The knowledge it contributes to this field of investigation can be 

summarised as follows. Only three body composition parameters impacted on postural 

stability and muscle strength, namely, leg fat mass, appendicular lean mass and total body 

lean mass. For postural stability, increasing leg fat mass only explained 3-4% in an increase 

in the TUG / TUGH scores. Total body lean mass explained 11.3% of the latency composite 

score. For muscle strength, appendicular lean mass explained 37-43% of the total work 

during knee extension and leg fat mass explained 22% of the peak torque/body weight during 

knee extension. The body composition phenotype results were as follows: no participants, 

either those with IPD or controls, could be categorised as having the phenotype of sarcopenic 

obesity. In spite of the widely reported phenotype of sarcopenia in IPD, only three 

participants (all male) in the current study could be categorised as sarcopenic; conversely 

15/47 participants with IPD were classified as obese. This said, this study found no 

significant difference in weight and BMI between the two investigated groups. 

The literature and systematic reviews suggest that ageing and the disease status are two 

separate but concurrent processes. The regression results of this study identified both age and 

disease as contributors, not only for postural instability, but also for reduced knee muscle 

strength, thus contributing new knowledge to the body of literature on this topic.  
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7. 9 Study Limitations 

This study had a number of limitations that should be acknowledged. First, was the cross 

sectional study design, which precluded investigating causality, and thus only the 

relationships between body composition phenotypes, postural stability and muscles strength 

could be explored. Second, in spite of a vigorous recruitment process covering the whole 

Otago region, it was difficult to fully sex match the control and IPD groups, and as a result 

the IPD group was smaller than the control group which could have had an impact on the 

study power. Further, the inclusion and exclusion criteria prevented those with advanced 

stages of IPD from being recruited, so the results are limited to those with mild to moderate 

severity IPD. Participation in the study was voluntary; hence, the sample itself might cause 

bias in reflecting volunteers who may not have been representative of the real population, 

though this was checked by a Fischer test for homogeneity equality of variances.  

Although only those with mild-moderate disease progression were included into the study, 

the sample with IPD was heterogenic, resulting in widespread variation in the presentation of 

clinical manifestations. Although non-motor symptoms, such as depression and autonomic 

disturbances, can have a negative effect on the severity of the disease and its manifestations, 

collection and sub group analysis of these factors were beyond the scope of this thesis. The 

study also did not fully take into account the effect of medication. Variation in medications 

used to replace the diminished L-Dopa or to control symptoms are factors that may have 

impacted on postural stability and muscle strength, and  neuro-psychotic medications to 

control depression can cause hypotension and reduced alertness and decrease the central 

nervous system activity.  

A wide range of significant differences was found between the two investigated groups in 

knee flexion and extension of the isokinetic muscle strength at the various torque speeds. 

Although an averaging method was used for data analysis to solve the potential difference 

between the two sides of the body, it is unknown whether the relationship between sides 

affected and the dominant side caused bias in the results obtained. Further, a considerable 

number of the participants with IPD were participating in a regular physiotherapy exercise 

programme during the study period and the study purposefully included only sedentary 

control participants, and this may have influenced the findings between the two groups.  
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There is a lack of consensus on a reliable approach for the definition of SS and SO [184]. 

Although the term “sarcopenia” (SS) in older adults has been used extensively in research, 

the criterion for an operational definition varies among studies and experts. Dam et. al. 

reported in 2014 that there is a difference on current criteria used to define SS. The authors 

found a higher prevalence (%) of SS in females than in males which ranged between 0.5 and 

5.3 and between 2.3 and 13.3, in men and women, respectively. It was reported that 

agreement on diagnosing SS is low and was the lowest in the Foundation for the National 

Institutes of Health (FNIH) criteria (1.3% men and 2.3% women) [450]. Therefore, an 

operational criteria for the diagnosis of SS is required to characterize populations for research 

and to recognise older adults for management. In the current study, there were no participant 

with SO, and only three male participants were SS. This study used a widely accepted cut-off 

score (values of less than 5.45 kg/m2 for women and 7.26 kg/m2 for men) for defining SS as 

recommended by Baumgartner et. al. [189]. However, these cut-off scores may underestimate 

SS in overweight and obese individuals, primarily because the used method is unable to 

estimate fatty infiltration into muscle that is present in overweight and obese individuals 

[451]. Because the current sample had a large number classified as overweight and OO in 

both IPD (n=29, 62%) and controls (n= 31, 53%) this could have masked the presence of SS 

and therefore, also SO [451]. 

The understanding of the relationship between age-related muscle wasting, muscle weakness 

and physical function is still developing [309]. The evidence for the association between low 

muscle mass and functional decline is based on cross-sectional analyses and appears 

inconsistent. In terms of predicting functional decline, the decreases in muscle mass might be 

not as important as decrease in strength. In addition, it has been reported that there is a 

tendency for obese, older adults to have a simultaneous increase in the amount of lean mass 

but not necessarily in proportion. Thus, they may have a noticeable normal muscle mass, and 

appear not to have SS even if their muscle mass is inadequate for their BMI. Therefore, 

underestimating of SS in overweight and obese participants in the current study might have 

existed, and in turn, caused an underestimation of SO. Furthermore, the slightly lower 

occurrence of obesity and lower lean mass reported in our study by DXA may also due to the 

participants with IPD in the current study who were more mobile and actively engaged in the 

community.  
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The type of the regression (stepwise) may also play part in the strength of the study, because 

it allowed the computer software to choose predictors under built in statistical criteria. 

  

7. 10 Potential Applications of the Research Findings for Clinical Practice 

It is known that people with IPD will face recurrent falls due to a variety of reasons 

associated with postural instability and gait disorders. This health and socio-economic 

problem is disabling and if untreated, may lead to dependence. The study findings revealed 

that lower limb muscle weakness and body composition phenotypes may simultaneously play 

a role in contributing to postural instability and, by extension, possibly increased rate of 

falling. It is also known that one of the side effects of current medical and surgical treatment 

is the increased incidence of falls due to postural disequilibrium. Therefore, a primary 

preventive treatment may be through participation in rehabilitative physiotherapy 

programmes that focus on improving postural stability. 

The results from the posturography tests in this study showed only the equilibrium composite 

score to be significantly different between the IPD and the control groups, and suggest that 

the former are vulnerable to loss of balance due to sensory-motor integration deficits. This 

finding is substantiated by that of the systematic review conducted as part of this thesis in 

which dysfunction in sensory organisation was found be one of the five factors with good 

quality evidence that impact on postural stability. It is thus suggested that the sensory systems 

could be specifically targeted in rehabilitation programmes. Bradykinesia and abnormal 

postural response patterns were also among the five factors identified in the systematic 

review, yet the latency and strategy composite scores were not found to be different between 

those with IPD and the controls in Study 2. A rehabilitation programme focused on 

improving postural stability should therefore concentrate on enhancing the individual’s use of 

the sensory systems, in particular, the visual, vestibular, and the proprioceptive systems, 

during balance exercises. The significant results shown in the IPD and the control groups in 

the mean difference of isokinetic muscle strength around the knee joint substantiate the 

finding of reduced muscle strength in the lower extremities in IPD. This is shown by the 

significant differences in a large number of isokinetic muscle strength output parameters used 

to differentiate between the two investigated groups. Hence, it is recommended that people 
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with IPD participate in a regular strengthening exercise programme for the lower limbs. 

Furthermore, participants with IPD in the current study showed more weakness in the flexion 

group than the extension; therefore, exercise concentrating on hamstring muscles may be 

beneficial. 

The relationships between the balance and the muscle strength parameters with the body 

composition phenotypes types and the three factors (disease, age, and sex) factors support the 

conclusion that a combination of factors contributes to physical functional deficits in those 

with IPD. 

Although no single cause can be attributed to the deficits in postural stability and no 

difference in the body composition phenotypes in a population of IPD was found in the 

current study, the findings of the regression analysis and the known deterioration in postural 

stability and muscle strength support the importance of physical activity on a daily basis to 

reduce the effects of ageing and the disease on the complex interaction of the triad of postural 

disequilibrium, muscle weakness of lower extremities, and securing normal body 

composition phenotypes. 

 

7. 11 Other Future Research Directions 

A better understanding of the mechanisms involved in posture and decline in physical 

function in IPD could be considered in future studies that include: (1) determining the nature 

and extent of the specific involvement on postural control mechanisms such as muscle 

strength and body composition phenotypes; (2) collating findings on latency of motor control 

processes with clinical information and EMG experiments with the motor control findings of 

the CDP to develop evidence-based rehabilitation approaches that target specific deficits in 

sensory and motor manifestations; and (3) conducting long-term clinical trials to demonstrate 

the efficacy of such interventions. 

Based on the current study results, it seems reasonable to focus on prospective areas for 

future research, including the contribution of body composition phenotypes and muscle 

strength in maintaining postural stability. The sex difference in body composition phenotypes 

could also be a focus for further investigation. 
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The current study’s results suggest that recruiting participants of a similar stage would 

overcome variation in the symptoms and severity of the disease. Further investigation limited 

to participants at certain stages of the disease such as stage III and IV is another potential 

recommendation to avoid stage to stage variances in the results obtained.   

A further suggestion for research includes extending the study to investigate whether body 

composition phenotypes are a reliable indicator of functional outcome of postural stability 

within the context of disturbed movement in IPD. This could be a randomised controlled trial 

or a longitudinal study with a large sample size potentially using a multi-centre trial 

prospectively following changes in body composition phenotypes, balance, and strength that 

could extend the current findings in relation to the disease severity and staging and to explore 

changes over time. In regard to the definition of SS and SO, a cut-off score including muscle 

strength and lean body mass which is the current recommendation, though still being debated, 

may identify these body composition phenotypes categories in relation to other demographic 

and morbidity characteristics. 

The impact of bradykinesia should be explicitly studied along with muscle power to get a 

more obvious understanding of their relationship as this is one of the main symptoms in IPD. 

The current study results suggest comparing both sides of the lower extremities for the 

balance, strength, and body composition phenotypes, but doing so in relation to the first side 

affected and dominant side. This might be a reliable test to investigate the impact if one side 

is weaker than the other. Furthermore, because of the difference in body composition 

phenotypes between the males and the females, it is recommended that a comparative study 

between the two sexes in relation to the balance and muscle strength should be conducted. 

This probably will overcome a potential bias that could happen due to the disproportionate 

number of males and females between the two investigated groups which may have 

accounted for group difference. In addition, monitoring changes and rate of changes in these 

outcome could play an important part in determining the relationship and the outcomes of 

preventive measurement. 
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7. 12 Study Strengths  

There are very few reports on body composition phenotypes in IPD. Thus this study’s finding 

that a combination of factors is important in measuring the impact of the disease, age, and sex 

with the body composition phenotypes in IPD both in relation to multiple functional postural 

stability and muscle strength tests in comparison with an age-matched control group is 

unique. 

The study method was developed to specifically include the use of objective tools that are 

applicable in clinical setting. In addition, it used a combination of laboratory tests, clinical 

tests and questionnaires to strengthen the results. This approach enabled the complex 

interaction of different systems that contribute to impaired postural stability in IPD to be 

explored. It included both comparison with age matched controls and a stepwise regression 

analysis.  

There are a large number of studies that have investigated postural instability; however, few 

studies have linked postural instability and isokinetic knee muscle strength. Studying these 

two themes in relation to body composition phenotypes to our knowledge has never 

previously been reported.   
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Appendix B3 

Participant’s information sheet 

 

Body type and balance and strength in idiopathic Parkinson’s disease 

                                               Ethics Code:  LRS10/10/047                          27/01/2011 

INFORMATION SHEET FOR PARTICIPANTS 

You are invited to take part in our study “Body type and balance in Parkinson’s disease”. 

Please read this information sheet carefully before deciding whether or not to participate.  If 

you decide to participate we thank you.  If you decide not to take part there will be no 

disadvantage to you of any kind and we thank you for considering our request.   

Why are we doing this study? 

Many people with Parkinson’s disease (PD) have poor balance and fall frequently. The exact 

reason for this is not known but it is probably due to a number of factors including the 

disease, medications, balance problems, and reduced physical activity resulting in reduced 

muscle strength. In a previous study of older adults without PD we found a relationship 

between poor walking and balance ability, falls and body composition phenotypes type. 

There are four body composition phenotypes types: (1) normal (normal proportions of fat and 

muscle), (2) sarcopenic (too little fat and high muscle), (3) obese (too much fat) and (4) 

sarcopenic obese (too much fat and too little muscle). In this study we would like to 

investigate the relationship between strength, balance, risk of falling and body composition 

phenotypes type in people with idiopathic PD and compare these relationships to those of an 

age- and sex-matched sedentary adults without PD. This knowledge will assist in the 

appropriate development of exercise interventions for people with PD. 

What type of participants are being sought? 

For this study we are looking for 60 participants who have been diagnosed with idiopathic 

Parkinson’s disease and 60 participants of a similar age without any known neurological 
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condition but who do not do much physical activity. All participants must be able to safely 

stand and walk independently with or without assistive mobility devices. 

People will not be able to participate in the project if they are unable to undergo the 

measurement tests safely because: 

 they are unable to understand what they have to do in the test, 

 they are unable physically to do the tests, 

 they are significantly affected by other health conditions. 

In order to establish whether participants with PD have idiopathic PD and not one of the other 

types of PD we may consult Dr Graeme Hammond-Tooke at the Dunedin Hospital  

about your condition or we may wish to look at your Dunedin Hospital medical file (if you 

have one at the hospital) or ask your GP or neurologist to look at their medical notes. We will 

ask your permission to do this. 

What will participants be asked to do? 

Should you agree to take part in this project, you will be asked to attend one to two test 

appointment/s at the School of Physiotherapy.  

At the School of Physiotherapy test appointment we will: 

Ask you for information about you and your Parkinson’s disease. We will test your balance 

and your lower limb muscle strength.  We will then ask you to keep a falls diary for six 

months. You will be provided with the diary and shown how to record any falls you may 

have. Once a month you will be asked to return the completed record for that month; should 

you forget the researcher will phone you to remind you. If you indicate in your returned diary 

that you have had a fall, the researcher will phone you to collect information about the fall.  

Dexascan appointment at the Dunedin Hospital: 

A separate appointment will be made for a dexascan taken at the Dunedin Hospital.  

You will then be given an appointment to attend the Dunedin Hospital to have a dexascan 

after you have completed your testing sessions at the School of Physiotherapy. A dexascan is 

a special X-ray to determine the amount of fat, muscle and bone in your body (body 

composition phenotypes).  Your weight, height, waist and hips will also be measured. Before 

the scan itself you will be asked to lie on your back and keep very still for about 15 minutes. 
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The entire visit will take 30 minutes. The Dexa scan is a quite safe procedure with very 

minimal radiation risk, as it involves approximately 1/30th of the radiation of a usual chest X-

ray.   

Are there any risks or costs to participating in this study? 

There is a slight risk of losing your balance during the balance testing at the School of 

Physiotherapy.  We will minimize this risk by ensuring the researcher is trained in the safety 

requirements of the tests.  If you feel unsure about attempting any test you can say you don’t 

wish to complete that particular test.  

You may get a little tired during testing. You can rest whenever you wish and please ensure 

that you let the researcher know that you are getting tired. If you feel that you cannot 

complete the testing you may come back for a second (or even third) session. 

Participation in the tests will not cost you anything, except for 90 minutes of your time on 

one occasion (or spread over two occasions) for the balance testing and 30 minutes for the  

dexascan. There will be no charge for you for any of the testing sessions. There is no charge 

for the dexascan. We will give you a petrol voucher or provide you a taxi for you to attend 

the test sessions if you live in Dunedin / Mosgiel. We may be able to book you parking near 

the School, please enquire. 

Can participants change their mind and withdraw from the project? 

You may withdraw from participation in the project at any time and without any disadvantage 

to yourself of any kind. If you feel hesitant or uncomfortable about any of the questions you 

are asked, you are reminded of your right to decline to answer any particular question(s). 

What data or information will be collected and what use will be made of it? 

You will be asked for information (e.g. age and medical history) about yourself.  In addition 

the results from the tests and the dexascan will also be collected. These data are being 

collected to determine if there is a relationship between your body composition phenotypes 

type and your strength and balance test results and the number of times you may fall. 

The results of the project may be published in the international literature or presented at a scientific 

meeting and will be available in the University of Otago library, but every attempt will be made to 

preserve your anonymity. 
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The data collected will be securely stored in such a way that only researchers actively 

involved in the project will be able to gain access to it.  At the end of the project any personal 

information will be destroyed immediately except that, as required by the Lower South 

Region Ethics Committee policy, any raw data on which the results of the project depend will 

be retained in secure storage for ten years, after which it will be destroyed. 

Reasonable precautions will be taken to protect and destroy data gathered by email.  

However, the security of electronically transmitted information cannot be guaranteed.  

Caution is advised in the electronic transmission of sensitive material. 

On completion of the study we will provide you with your individual results, including a 

report of your dexascan results. There may, however be a delay between data collection, 

analysis and reporting of results. 

If you have any queries or concerns regarding your rights as a participant in this study, you 

may wish to contact an independent health and disability advocate:                                                                    

Free phone: 0800 555 050 Free fax: 0800 2 SUPPORT (0800 2787 7678) Email: 

advocacy@hdc.org.nz. 

In the unlikely event of a physical injury as a result of your participation in this study, you 

will be covered by accident compensation legislation with its limitations. If you have any 

questions about ACC please feel free to ask the researcher for more information before you 

agree to take part in this trial. 

You are also advised to check whether participation in this study would affect any indemnity/ 

insurance cover you have or are considering, such as medical insurance, life insurance and 

superannuation. 

If you have any questions about our project, either now or in the future, please feel free to 

contact  

Assoc Prof Leigh Hale, School of Physiotherapy 

University Telephone Number 479 5425 or 479 4979 

This study has received ethical approval from the Lower South Regional Ethics Committee,  

  

mailto:advocacy@hdc.org.nz
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Appendix B4 

Participant’s Consent form 

 

 

27/01/2011                            Ethics Code:  LRS10/10/047 

 

 

Body type and balance and strength in idiopathic Parkinson’s disease 

CONSENT FORM FOR PARTICIPANTS 

 

I have read the Information Sheet concerning this project and understand what it is about.  All 

my questions have been answered to my satisfaction.  I understand that I am free to request 

further information at any stage. 

I know that: 

1. My participation in the project is entirely voluntary; 

 

2. I am free to withdraw from the project at any time without any disadvantage; 

 

3. Personal identifying information will be destroyed at the conclusion of the project but any 

raw data on which the results of the project depend will be retained in secure storage for ten 

years, after which they will be destroyed; 
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4. This project involves questionnaires. In the event that the line of questions develops in such 

a way that I feel hesitant or uncomfortable I may decline to answer any particular 

question(s) and/or may withdraw from the project without any disadvantage of any kind. 

 

5. I understand that my participation in this study is confidential and that no material that 

could identify me will be used in any reports on this study. 

 

6. I understand that reasonable precautions have been taken to protect data transmitted by 

email but that the security of the information cannot be guaranteed. 

 

7. I understand the compensation provisions for this study. 

 

8. I have had time to consider whether to take part in the study. 

 

I consent to having my diagnosis of idiopathic Parkinson’s disease checked with Dr Graeme 

Hammond-Tooke, Neurology Consultant, Dunedin Hospital and in my Dunedin Hospital 

medical records (if available). 

 

    Yes   No 

  

 

 

I _______________________________ hereby consent to take part in this study.  
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Signature:      Date: 

 

 

Full names of researchers:    Contact phone number for researchers: 

 

Associate Professor Leigh Hale   03 479 5425 

 

Adulkareem Diab     03 479 4053 

 

Dr Debra Waters     03 479 7222 

 

Dr Margot Skinner      03 479 7466 

 

Dr Graeme Hammond-Tooke    03 474 7007 ext 8361 

 

 

 

 

 

 

 

This study has received ethical approval from the Lower South Regional Ethics Committee, 

ethics reference number (LRS/10/10/047). 

Project explained by:     Project role: 
 
 
 
 
Signature:      Date: 
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 27/01/2011 

 

Body type and balance and strength in idiopathic Parkinson’s disease 

Request for interpreter (to be included on all consent forms) 

English I wish to have an interpreter 

 

Yes No 

Deaf I wish to have a NZ sign language interpreter 

 

Yes No 

Māori E hiahia ana ahau ki tetahi kaiwhaka Māori/kaiwhaka pakeha korero 

 

Ae Kao 

Cook Island 

Māori 

Ka inangaro au i tetai tangata uri reo Ae Kare 

Fijian Au gadreva me dua e vakadewa vosa vei au 

 

Io Sega 

Niuean Fia manako au ke fakaaoga e taha tagata fakahokohoko kupu 

 

E Nakai 

Sāmoan Ou te mana’o ia i ai se fa’amatala upu 

 

Ioe Leai 

Tokelaun Ko au e fofou ki he tino ke fakaliliu te gagana Peletania ki na gagana o na motu o 

te Pahefika 

Ioe Leai 

Tongan Oku ou fiema’u ha fakatonulea 

 

Io Ikai 

 Other languages to be added following consultation with relevant communities. 
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Appendix B5 

Demographic data for participant 
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Appendix B6 
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Appendix B7 

Authorisations to use personal photographs (Agreement for Talent Release) 

A. EquiTest© Neurocom Compoterised Dynamic Posturography 
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B. Biodex© System3 
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C. Lunar  DXA scanner 
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Appendix B8 

Permission to use Natus Medical Inc. art 
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Appendix C: Tests and Scales 

Appendix C1 
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Appendix C2 

Rapid Assessment of Physical Activity 
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_____________________________________________ 

Downloaded with permission from the University of Washington Health Promotion Research 

Centre,© 2006. http://depts.washington.edu/hprc/rapa. 
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Appendix C3 
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Timed “Up and Go” Test demonstration                                           

www.kinesishealthtech.com 
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Appendix C4 

Step test 

 

Step test: One completed step with one leg stepping on then off the block 

Hill, et. al.. 1996 [321] 
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Appendix D: Statistics 

 Appendix D1 

Table of Pearson correlation and significance of body composition phenotypes variables with postural stability, falls, and strength in IPD (n=47) 

and the Control groups (n=58). 

Parameter Group Correlation Coefficient 

BMI Total 

body 

Lean 

mass 

Total  

Leg 

Lean 

mass 

Total  

arm 

Lean 

mass 

Appen

d Lean 

mass 

Total 

body 

fat 

mass 

Total  

Leg fat 

mass 

Total  

trunk 

Fat 

mass 

Total 

arm 

Fat 

mass 

Percen

t  Fat 

mass 

Append 

 LMI 

Step Test R side IPD 0.12 0.23 0.20 0.29* 0.23 0.07 0.01 0.12 0.01 -0.01 0.20 

Control -0.14 -0.12 -0.08 -0.24* -0.13 -0.17 -0.07 -0.22 -0.11 -0.11 -0.10 

Step Test L side IPD 0.08 0.34* 0.30 0.41** 0.34* -0.01 -0.11 0.08 -0.07 -0.11 0.31* 

Control -0.14 -0.05 -0.02 -0.18 -0.07 -0.15 -0.04 -0.21 -0.10 -0.12 -0.08 

TUG Basic (s.) IPD 0.28* -0.29* -0.32* -0.35* -0.33* 0.27* 0.35* 0.17 0.31* 0.30* -0.19 

Control 0.06 0.02 0.01 0.12 0.04 0.11 0.06 0.12 0.12 0.09 0.02 

TUG High (s.) IPD 0.28* -0.26* -0.29* -0.36* -0.31* 0.29* 0.35** 0.21 0.32* 0.30* -0.20 

Control -0.04 -0.04 -0.04 0.09 0.00 0.03 0.02 0.03 0.04 0.07 -0.04 

ABC% IPD -0.04 0.40** 0.39** 0.46** 0.42** -0.09 -0.19 0.01 -0.17 -0.23 0.31** 

Control -0.20 -0.13 -0.08 -0.11 -0.09 -0.14 -0.07 -0.17 -0.06 -0.07 -0.26 

Six months fall  IPD 0.01 -0.12 -0.23 -0.17 -0.22 -0.05 0.02 -0.10 -0.04 -0.04 -0.19 

Control -0.22* 0.16 0.21 0.07 0.17 -0.28* -0.19 -0.29** -0.29** -0.40* 0.17 

RAPA IPD -0.26 0.30* 0.36* 0.42* 0.32* -0.33* -0.40* -0.25* -0.33* -0.32* 0.32* 

Control -0.20 -0.12 -0.09 -0.18 -0.12 -0.16 0.01 -0.25* -0.16 -0.05 -0.14 

IPD -0.12 0.21 0.21 0.31* 0.24* -0.12 -0.15 -0.07 -0.18 -0.13 0.14 
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Equilibrium 

composite 

Control -0.14 0.13 0.15 0.14 0.15 -0.13 -0.13 -0.11 -0.13 -0.12 0.13 

Strategy SOT 

composite 

IPD -0.09 0.00 0.02 0.07 0.03 -0.08 -0.03 -0.10 -0.08 -0.06 -0.01 

Control -0.46** -0.09 -0.05 -0.03 -0.05 -0.45** -0.32* -0.47** -0.43** -0.34** -0.06 

Latency Medium  

Backward Avg. 

IPD 0.02 0.25* 0.29* 0.19 0.27* -0.04 -0.05 -0.02 -0.08 -0.11 0.23 

Control 0.13 0.31* 0.28* 0.26 0.28* 0.05 -0.06 0.13 0.05 -0.07 0.23 

Latency Large 

Backward Avg. 

IPD 0.19 0.12 0.15 0.04 0.12 0.12 0.12 0.11 0.06 0.08 0.18 

Control 0.08 0.34* 0.36** 0.34* 0.36** 0.06 -0.05 0.12 0.06 -0.10 0.30* 

Latency Medium 

Forward Average 

IPD -0.12 0.17 0.18 0.11 0.16 -0.18 -0.16 -0.16 -0.20 -0.23 0.12 

Control 0.17 0.23* 0.17 0.26* 0.20 0.10 -0.15 0.25* 0.10 0.03 0.16 

Latency Large 

Forward Average 

IPD 0.01 0.31* 0.30* 0.15 0.26* -0.10 -0.11 -0.06 -0.14 -0.23 0.23 

Control -0.02 0.29* 0.26* 0.24* 0.26* -0.07 -0.21 0.04 -0.09 -0.21 0.33* 

All Latency 

Composite 

IPD -0.01 0.29* 0.30* 0.16 0.27* -0.12 -0.13 -0.09 -0.17 -0.21 0.25* 

Control 0.08 0.40** 0.36** 0.38** 0.38** 0.00 -0.19 0.13 0.00 -0.16 0.30* 

PKTQ/BW Ext 60°/s. 

Average 

IPD -0.34* 0.38** 0.42** 0.49** 0.45** -0.37** -0.50** -0.24 -0.36* -0.40** 0.30* 

Control 0.03 0.30* 0.27* 0.36** 0.31* -0.12 -0.22* -0.03 -0.14 -0.21 0.36** 

PKTQ/BW Flex 60°/s. 

Average 

IPD -0.32* 0.37* 0.40** 0.48** 0.43** -0.39** -0.48** -0.28* -0.36* -0.43** 0.32* 

Control -0.13 0.48** 0.49** 0.43** 0.49** -0.28* -0.35** -0.18 -0.35** -0.44** 0.46** 

Time to Peak torque 

Ext 60 Average 

IPD 0.00 -0.13 -0.16 -0.20 -0.17 -0.06 0.06 -0.15 -0.01 -0.06 -0.10 

Control -0.01 -0.02 0.01 0.00 0.01 0.11 0.12 0.10 0.11 0.05 -0.01 

Time to Peak torque 

Flex 60/s. Average 

IPD -0.08 -0.25 -0.22 -0.23 -0.23 0.04 0.01 0.04 0.10 0.14 -0.24** 

Control -0.15 -0.01 0.01 0.04 0.02 -0.04 -0.03 -0.04 -0.01 0.00 -0.01 

Total Work Ext 60°/s 

Average 

IPD 0.00 0.58** 0.59** 0.67** 0.63** -0.09 -0.33* 0.11 -0.16 -0.22 0.52** 

Control 0.07 0.69** 0.67** 0.61** 0.67** -0.09 -0.21 0.03 -0.19 -0.34* 0.71** 
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Total Work Flex 

60°/s. Average 

IPD -0.08 0.50** 0.52** 0.60** 0.55** -0.18 -0.33* -0.04 -0.21 -0.28* 0.45** 

Control 0.21 0.51** 0.54** 0.46** 0.53** 0.10 0.01 0.16 0.04 -0.13 0.50** 

Peak torque Ext 60/s. 

Average 

IPD 0.01 0.63** 0.65** 0.70** 0.67** -0.08 -0.31* 0.11 -0.15 -0.23 0.55* 

Control 0.11 0.60** 0.59** 0.58** 0.61** -0.02 -0.13 0.07 -0.11 -0.25* 0.67** 

Peak torque Flex 60/s. 

Average 

IPD -0.04 0.57** 0.59** 0.65** 0.61* -0.14 -0.32* 0.01 -0.18 -0.29* 0.50** 

Control 0.19 0.56** 0.56** 0.51** 0.56** 0.08 -0.03 0.15 0.01 -0.16 0.51** 

PKTQ/BW Ext 90/s. 

Average 

IPD -0.29* 0.41* 0.44** 0.54** 0.47** -0.35* -0.48** -0.22 -0.36* -0.40** 0.36* 

Control -0.34** 0.37** 0.39** 0.30** 0.37** -0.53** -0.55** -0.44** -0.56* -0.63** 0.44** 

PKTQ/BW Flex 90/s. 

Average 

IPD -0.29* 0.43** 0.45** 0.54** 0.49** -0.40** -0.50** -0.28* -0.39** -0.48** 0.39** 

Control -0.16 0.45** 0.48** 0.39** 0.46** -0.32* -0.38** -0.22* -0.38** -0.47** 0.44** 

Time to Peak torque 

Ext 90°/s. Average 

IPD 0.00 -0.11 -0.14 -0.21 -0.16 -0.04 0.05 -0.10 0.02 -0.04 -0.11 

Control -0.06 -0.11 -0.10 -0.11 -0.11 0.00 -0.01 0.01 0.05 0.03 -0.14 

Time to Peak torque 

Flex 90°/s. Average 

IPD 0.06 -0.15 -0.10 -0.15 -0.12 0.07 0.09 0.05 0.13 0.13 -0.07 

Control -0.09 0.05 0.09 0.12 0.10 -0.06 -0.05 -0.06 -0.06 -0.04 0.12 

Total Work Ext 90 

Average. 

IPD 0.04 0.61** 0.62** 0.70** 0.65** -0.07 -0.29* 0.11 -0.15 -0.23 0.55** 

Control 0.10 0.73** 0.72** 0.64** 0.71** -0.12 -0.25* 0.01 -0.22* -0.39** 0.67** 

Total Work Flex 

90°/s. Average 

IPD -0.04 0.54** 0.53** 0.63** 0.57** -0.15 -0.32* -0.01 -0.20 -0.29** 0.47** 

Control 0.20 0.68** 0.69** 0.59** 0.68** 0.04 -0.12 0.17 -0.08 -0.24* 0.61** 

Peak torque Ext 90 

Average 

IPD 0.04 0.65** 0.65** 0.72** 0.68** -0.08 -0.30* 0.11 -0.15 -0.25* 0.58** 

Control 0.10 0.68** 0.65** 0.60** 0.66** -0.12 -0.25* 0.01 -0.21 -0.36** 0.61** 

Peak torque Flex 

90°/s. Average 

IPD -0.05 0.58** 0.58** 0.66** 0.61* -0.17 -0.34* -0.02 -0.21 -0.33** 0.51** 

Control 0.23 0.65** 0.66** 0.55** 0.64** 0.06 -0.08 0.18 -0.04 -0.21 0.60** 
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PKTQ/BW: peak torque/ body weight; TPKTQ: time to peak torque; Ext: knee extension; Flex: knee flexion; 60°/s. and 90°/s.: degree of torque 

speed/second; TUG: Timed “Up and Go” test; RAPA: Rapid Assessment physical activity questionnaire; * <0.05; **<0.01. 
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Appendix D2 

Table of Pearson correlation and significance of postural stability and falls variables with muscle strength variables in the IPD and the 

Control groups. 

Parameter  Group Equilibrium  

composite 

score 

Strategy 

composite 

score 

Latency 

composite 

score 

Step 

Test 

Rt. 

Step 

Test 

Lt. 

TUG (s) TUGH(s) ABC% Fall 6 

months 

RAPA 

PKTQ/BW Ext 60  IPD 0.44* 0.29* -0.21 0.29* 0.38* -0.56* -0.57* 0.41* -0.25* 0.55* 

Control 0.26* 0.27* 0.08 -0.06* -0.06 0.01 -0.07 -0.47* 0.31* -0.14 

PKTQ/BW Flex 60  IPD 0.41* 0.25* -0.23 0.30* 0.40* -0.58* -0.58* 0.41* -0.21 0.45* 

Control 0.07 0.04 0.13 0.21 0.27 -0.28* -0.33* -0.02 0.08 -0.15 

TPKTQ Ext 60  IPD -0.26* -0.20 0.00 -0.49* -0.44* 0.46* 0.41* -0.11 0.01 -0.19 

Control 0.10 0.08 0.04 -0.07 -0.11 0.10 0.14 -0.06 -0.21 -0.17 

TPKTQ Flex 60 IPD -0.43* -0.38* 0.02 -0.56* -0.53* 0.31* 0.33* -0.16 -0.11 0.04 

Control 0.10 0.10 -o.01 -0.18 -0.09 0.08 0.22 0.02 -0.27* 0.06 

Total W Ext 60  IPD 0.38* 0.10 -0.10 0.36* 0.46* -0.50* -0.50* 0.40* -0.25* 0.45* 

Control 0.17 0.04 0.26 0.04 0.15 -0.12 -0.19 -0.18 0.06 -.10 

Total W Flex 60  IPD 0.39* 0.20 -0.20 0.34* 0.45* -0.49* -0.50* 0.41* -0.22 0.39* 

Control 0.02 -0.11 0.16 0.08 0.14 -0.06 -0.27* -0.01 0.07 -0.16 

PkTQ Ext 60  IPD 0.46* 0.18 -0.08 0.42* 0.51* -0.54* -0.54* 0.44* -0.24* 0.46* 

Control 0.14 0.02 0.18 0.03 0.11 -0.05 -0.16 -0.18 0.03 -0.14 

PkTQ Flex 60  IPD 0.43* 0.20 -0.14 0.39* 0.50* -0.54* -0.54* 0.42* -0.19 0.40* 

Control 0.09 -0.07 0.22 0.17 0.18 -0.08 -0.23* -0.17 0.08 -0.23* 

PKTQ/BW Ext 90 IPD 0.44* 0.30* -0.20 0.35* 0.42* -0.57* -0.61* 0.45* -0.28* 0.50* 

Control 0.02 0.17 0.05 0.30* 0.35* -0.26* -0.27* 0.05 0.26* -0.01 

PKTQ/BW Flex 90  IPD 0.37* 0.24* -0.15 0.43* 0.51* -0.60* -0.61* 0.42* -0.21 0.40* 

Control 0.10 0.06 0.13 0.31* 0.32* -0.26* -0.27* -0.01 0.10 -0.05 

TPKTQ Ext 90 IPD -0.30* -0.35* 0.10 -0.47* -0.47* 0.54* 0.52* -0.28* 0.14 -0.30* 

Control 0.08 0.17 0.18 0.12 0.14 0.12 0.05 -0.06 -0.16 -0.17 

TPKTQ Flex 90  IPD -0.26* -0.36* 0.16 -0.49* -0.50* 0.28* 0.30* -0.34* 0.09 -0.05 

Control 021 0.19 -0.07 -0.31* -0.20 0.29 0.28* 0.06 -0.06 0.04 

Total Work Ext 90  IPD 0.39* 0.19 -0.11 0.39* 0.47* -0.52* -0.52* 0.47* -0.26* 0.44* 

Control 0.24* 0.10 0.22 0.01 0.11 -0.07 -0.15 -0.22 0.11 -0.13 
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Total W Flex 90 Avg. IPD 0.38* 0.28* -0.16 0.43* 0.52* -0.51* -0.52* 0.43* -0.18 0.36* 

Control 0.24* -0.03 0.26* 0.03 0.09 -0.10 -0.18 -0.21 -0.01 -0.13 

PkTQ Ext 90  IPD 0.43* 0.24* -0.09 0.42* 0.51* -0.53* -0.55* 0.48* -0.24* 0.44* 

Control 0.20 0.07 0.21* 0.05 0.14 -0.06 -0.15 -0.22 0.13 -0.18 

PkTQ Flex 90 Avg. IPD 0.42* 0.27* -0.13 0.48* 0.56* -0.57* -0.57* 0.45* -0.19 0.37* 

Control 0.18 -0.07 0.23* 0.10 0.15 -0.05 -0.17 -0.23* 0.05 -0.21 

* <.05; TPKTQ: time to peak torque knee extension 60°; PKTQ/BW: peak torque/ body weight; TPKTQ: time to peak torque; Ext: knee 

extension; Flex: knee flexion; 60°/s and 90°/s: degree of torque speed/ second; W: work; Avg: average; TUG: Timed “Up and Go” test/ second; 

TUGH(s): Timed “Up and Go” high cognition test/ second; RAPA: Rapid Assessment physical activity questionnaire; HS highly significant at 

P<0.01; SEM: standard error of mean. 

 


