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Abstract 

Retirement is considered a critical stage of life with profound changes in an individual's life and 

lifestyle. With increased life expectancy, an individual could spend a third ofhislher lifetime in 

retirement. It is in this period that falls start to become commonplace and they have been linked 

to lower limb n1uscle weakness, reduced joint range of motion, and balance instability. The 

objective of this longitudinal study was to investigate whether the sudden life changes that occur 

at retirement are reflected in changes in lower limb strength, j oint range of motion, balance 

performance and physical activity levels. 

Following a series of pilot studies, ninety-seven healthy individuals aged 50 - 67 years (mean ± 

[SD] 59.6 [3.9] years) consented to participate in the study (44 males, 53 females). Two groups 

were established: a retirement group (due to retire imminently), and a control group (at least 12 

months away from retirement). Assessments of lower limb strength, joint range of motion, 

balance performance and physical activity levels within the workplace and household, leisure and 

sporting activities were undertaken at baseline (one week pre-retirement for the retirement group) 

and repeated six and twelve months later. 

The t-Test for independent samples was used to analyse the difference between the groups' mean 

values at baseline. No significant differences were found between the retirement group and the 

control group for the measurement variables (p > 0.05). Correlations were found between 

balance performance, peak torque and joint range of motion measurements. One third of the 

participants in both the retirement and control groups were sedentary, and the average lower limb 

strength values were lower than expected for this age group. 

Repeat assessments were undertaken six and twelve months post baseline measurements. A 

repeated measures ANOV A test was used to investigate any differences between visits for the 

groups. Significant differences between the retirement and control group were only observed in 

the reported physical activity levels for household, leisure and sporting activities (p< 0.01), as the 

activity level of the control group remained stable, whilst the activity level of the retirement 

group increased. 

It would appear that in the twelve months following retirement there is no measurable effect on 

lower limb strength, joint range of motion or balance performance. This may be due to the 

significant increase in physical activity levels post retirement, which may have compensated for 

the loss of physical activity undertaken within the workplace. 
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1. BACKGROUND TO THE STUDY 

Overview 

Retirement fron1 full time employment is considered to be a major event, providing the 

opportunity for considerable change in an individual's lifestyle. For some individuals retirement 

may be viewed as a period of well earned rest and senescence following a lifetime of productive 

employment, and as such is a potential watershed for a decrease in physical activity levels, and 

for others retirement may offer the freedom and opportunity to participate in new physical 

actiYities and / or spend more time participating in existing leisure pursuits. It is understood that 

a change in physical activity levels at almost any chronological age can have either a positive or 

negative affect on numerous physiological parameters (Astrand and Rodahl, 1986), including 

those related to falling in later life: lower limb strength, joint range of motion and balance 

performance. Therefore this study was designed to explore whether the sudden change in lifestyle 

at retirement impacted on the slow physical decline seen with ageing, and to investigate whether 

the abrupt event of retirement caused a sudden change in physical performance. Numerous cross 

sectional and longitudinal studies have looked at the effect of ageing on physical function and 

performance, including those factors associated with falling. However, no studies have been 

identified which have investigated whether the actual moment of retirement induces a sudden 

change in several of the key physiological parameters related to falling in later life: lower limb 

strength, balance performance, joint range of motion and physical activity levels. 

This chapter reports the background details from published literature, discussing the transitional 

period of retirement and the influence of lifestyle and physical changes at this time, the increase 

in longevity and the incidence and causes of falls with ageing. This is followed by an 

introduction to skeletal muscles, joint structure and the sensory systems involved in balance, 

discussing the effects of ageing, disuse and physical activity. The final section of this chapter 

includes a review of the measurement techniques used to assess lower limb strength, j oint range 

of motion, balance performance and physical activity levels. 

1.1 Retirement 

Retirement, defined as "the action of ceasing full time paid employment", is an important 

transitional process, which can result in substantial changes in an individual's life and lifestyle 

(Edwards and Williamson, 1995; Stems and Hurd-Gray, 1999). In the United Kingdom (UK), 
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there is not a mandatory age of retirement, except in a few occupations (such as armed forces, 

police, and fire brigade). Therefore, the age at which people retire depends on a number of 

factors, in particular their health and financial well being. Other influencing factors as to how and 

when individuals choose to retire include the availability and level of State benefits, family 

circumstances, and the availability of work at older ages. Eligibility for the State retirement 

pension in the UK is currently at the ages of 65 for males and 60 for females. However, in 1993 

the government decided to raise the female State pension age from 60 to 65 years, partly in order 

to align it with the State pension age for males, and partly in order to reduce expenditure on 

retirement benefits. The change will be phased-in over a 10 year period beginning in 2010. 

OYer the past 50 years, the nature of retirement has been continuously changing and this is 

evident in the trends in retirement ages. The typical retirement age in the UK for males and 

females has declined during this period, and the idea of a normal retirement age, (65 for males, 

and 60 for females) is no longer appropriate as many individuals retire prior to this age. As can 

be seen from table 1.1, the estimated average age of retirement in the UK is now lower than the 

State pension age. 

Table 1.1 Estimated average age of retirement in the UK (Government Actuaries 
Department, 2001) 

Year 1950 1970 1995 
Male 67.2 65.4 62.7 
Female 63.9 62.4 59.7 

In 1992,22% of the male civilian work force aged 55-59 years were retired, but of those aged 60-

64 years nearly half were retired (47%). Despite the proposed increase in pensionable age, this 

trend towards early retirement is expected to continue and by the year 2006 these percentages are 

projected to have risen to 23% and 54% respectively (Central Statistics Office, 1994) from Mein 

et a1. (1998). 

An increase in ageing population will have substantial implications for the provision of 

healthcare (caring institutions) and the support role of the family. There are suggestions that as 

life expectancy increases people should retire later, and this may lead to raising the official 

retirement age for eligibility of State pensions for males and females to 67 or 70. 

For most working people, retirement from full time employment is a major life change. The 

influence of retirement on health and well-being has been studied previously, but the results have 

been inconsistent (Gall et aI., 1997). A central issue of retirement is replacing the time spent in 

work with other activities. This involves developing new patterns, and opens the possibility to 

expand current leisure activities and take up new ones. Several studies have found a positive 
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relationship between the number of performed activities and life satisfaction in retirement 

(Oakley and Pratt, 1997). While some studies have reported either a decline in overall activity, 

or found customary physical activity levels too low for optimum maintenance of physical 

condition (Patrick et aI., 1986), others have shown an increase in activity levels post-retirement 

(Cunningham et aI., 1987a; Evenson et aI., 2002). The importance of maintaining or increasing 

actiYity levels post retirement was shown in a study by Patrick et aI. (1982) who investigated 

changes in body fat, muscle mass and activity levels in 73 males following retirement. During 

the last year of employment in the steel industry the subjects (mean age 64.5) undertook 

anthropometric measurements of body mass, percentage body fat, limb muscle cross sectional 

area of the upper arm, thigh and calf muscles. A subjective assessment was used to assess 

change in actiyity after one year of retirement, "Do you think your activity is more, less or about 

the same compared with one year ago?". All measurements were repeated one year post 

retirement. Whilst no significant change in body mass was found during the year, there was an 

overall increase in body fat -3%), and a significant reduction in the cross sectional area of the 

thigh muscle as seen in table 1.2. The changes in reported daily activity differed within the 

group, with significant inter-group differences for changes in arm and thigh muscle cross 

sectional area. 

Table l.2 Changes in arm and thigh muscle cross sectional area in 3 subgroups reporting 
different changes in activity (Patrick et aI., 1982). 

ReRorted acti vi ty 
More Same Less 

I (n=ll) (n=18) (n=22) I 

I Arm muscle cross section (cm2
) +l.0 -2.1 -l.3 

! Thigh muscle cross section (cm2
) +7.9 -3.8 -7.9 

The rates of decline in lower limb muscle mass clearly reflect the changing pattern in activity 

levels in this study. The group who reported reduced activity after a year lost about 5% of their 

muscle cross sectional area in the first year post retirement, which is substantially greater than the 

age related decline found in longitudinal studies reported in table 1.10. The comparison between 

the group reporting increased activity post retirement, and those reporting a decrease, suggests 

the decline in muscle with age is not inevitable, and confirms the belief that maintenance of 

physical activity at retirement is important. Whilst this sample population was manual workers, a 

group who would seem most likely to reduce their total daily activity levels post retirement, the 

sub-group who increased their activity post retirement showed significant increases in thigh 

muscle cross sectional area, without any exercise intervention program. 

An earlier study investigating the effect of retirement on exercise performance and heart rate 

response to exercise was conducted in a small group (n=13) of male manual workers by Bassey et 
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a1. (1977). The subjects, aged 62-65 years, had measurements of walking pattern, exercise 

performance, heart rate response to exercise and body composition recorded within a fortnight of 

retiring, and again 12 and 24 months post retirement. Despite their employment, only 4 of the 

males had strenuous jobs. Twelve months post retirement there was no significant change in the 

mean heart rate standardised at a walking speed of 4.8 kmlhour, or in the exercise test (cycle 

ergometer), showing no evidence of deterioration in cardiovascular performance, although the 

nlean walking speed was significantly reduced. Half of the subjects reported being less active 1 

year post retirement, although these subjects did not differ from the others with respect to 

changes in exercise performance or heart rate response or previous activity. Most subjects 

reported a wider range of active pursuits after retirement than before, with gardening and walking 

as the commonest activities. Twenty four months post retirement no significant changes were 

found for any of the measurements compared with those obtained after 12 months. In this study, 

the changes in activity levels after retirement were not sufficient to reduce activity below a level 

required to maintain existing physical condition. The author suggests the reduction in walking 

speed seen here was likely to reflect customary patterns of daily activity, at least in intensity, and 

suggested the change was due to reduced motivation associated with the reduced demands of a 

retired life. 

A randomised survey of physical and psychological well being in 1042 community dwelling 

males and females aged over 65 years was conducted using a structured questionnaire (Dallosso 

et aI., 1988). The data was analysed in two age groups, aged 65-74 years, and those over 75 

years of age. The results of the activity assessments showed that activity declined with age in 

both males and females, with the majority doing very little and that only a few were very active. 

Leisure pursuits included social walking, keep fit (at home), walking the dog, cycling and 

swimming. Social walking was the most prevalent activity with over 30% of the sample 

population, and the other activities had a prevalence below 10%. 

The findings of a longitudinal study in Sweden were that most people slowed down their overall 

rhythm of everyday life as part of retirement process, without consciously making plans to do so, 

and as a result only a few participants took up new activities (Jonsson et aI., 2000). These 

findings are consistent with a longitudinal study in Scotland (Long, 1987), who reviewed the 

leisure activities of 97 males in retirement. Subjects were initially interviewed within 6 months 

of retirement, with a follow up interview 12 to 18 months post retirement. Long reported that 

most participants continued their involvement in already performed activities but at an increased 

level as a common pattern of coping with retirement. 

It would appear that for some individuals retirement may be viewed as a period of well earned 

rest and senescence following a lifetime of productive employment, and as such is the potential 
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watershed for a decrease in physical activity levels, and for others retirement may offer the 

freedom and opportunity to participate in new physical activities and / or spend more time 

participating in previous physically active leisure pursuits. It is likely that the effects of a 

sedentary lifestyle and inactivity post retirement could lead older adults to the threshold of 

dependency and mobility earlier than those who follow an active lifestyle post retirement. 

1.2 Illcreases ill IOllgevity 

During the 20th Century, the population of the United Kingdom experienced significant increases 

in longe\;ty due to improvements in living conditions and achievements in medical science 

(Bond et al.. 1993). Subsequently the life expectancy at birth is now 25 years longer than it was 

100 years ago, and further increases are expected in the future. The combination of increased 

longeyity and the birth pattern experienced during the last 60 years is expected to lead to an 

increase in the proportion of older people in the population during the coming decades. Changes 

in the expectation of life (EOL) at birth and at age 60 in the UK population can be seen in table 

1.3. From the population of adults aged 60+ in England and Wales, 40% are male and 60% 

female (Office for National Statistics, Census 2001). 

Table 1.3 UK population changes in expectation of life, at birth and at age 60 
(Government Actuaries Department, 2002) 

1951 1991 2031 

EOL at birth 
Males 66.1 73.2 79.3 
Females 70.9 78.8 83.5 
EOL at age 60 
Males 14.8 17.7 22.5 
Females 17.8 21.9 25.7 

With the trend towards early retirement, together with increased life expectancy, an individual 

could spend one third of his/her lifetime in retirement, and this increases the emphasis on the 

quality and length of life post-retirement. The unfortunate consequence of increased life 

expectancy is the subsequent increase in the prevalence of many diseases and disease risk factors. 
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1.3 Falls 

Falls in older people are a major public health concern, particularly in terms of the cost to the 

health and social services. The increasing number of people falling, and subsequent injuries each 

year is largely attributable to the increase in average life expectancy. The prevalence of falls 

increases with advancing age, but is generally higher in females than males. Each year in Britain 

a third of the population aged over 65 has a fall, and half of these fall at least twice (Swift, 2001). 

It is suggested that this number is probably an underestimate as most surveys depend on patients' 

recall (Cummings and Melton, 2002). Although less than one fall in 10 results in a fracture, a 

fifth of all fall related incidents require medical attention (Department of Health, 2001). 

Furthermore, fall related accidents are predisposing factors in 40% of the events leading to long 

term institutional care in older people (Masud and Morris, 2001). The lifetime risk of 

s:mptomatic fracture for a 50 year old white female in the United Kingdom has been estimated to 

be 130/0 for the forearm, 11 % for the vertebrae and 14% for the hip, whereas corresponding 

figures for a 50 year old male are 20/0, 2% and 3% respectively (Francis, 2001). 

From the NHS Hospital records for England 2001-2002 gender differences were seen in the 

number of hospital admissions for falls on the same level from slipping, tripping and stumbling 

with 3-.+0/0 males, 66% females (Department of Health, 2002). Almost half of the falls occurred in 

the adults aged over 75. The number of 'unspecified falls' was similar with 34% males, 66% 

females, whilst 65%> of the falls occurred in adults aged over 75. Of those who were diagnosed 

with fracture of the femur, 26% were male compared to 74% female. A large number (75%) of 

these occurred in adults aged over 75 years. Neck of the femur fractures were diagnosed in 21%> 

of males, compared to 79% females. In this instance, 84% of those diagnosed were aged 75 and 

over. 

Hip fracture is the most common serious injury related to falls in older people, resulting in an 

annual cost to the NHS of around £1.7 billion for England (Department of Health, 2001). Local 

authorities, district councils, social services and the voluntary sector often have to cover half of 

the immediate costs through home adaptation, rehabilitation and rehousing. Among those who 

lived independently before a hip fracture, about half remain in long term care or need help with 

activities of daily living for a year after the event. Up to a third of individuals who have a hip 

fracture can become totally dependent, and the risk of institutionalisation is great (Cummings and 

Melton,2002). Dolan and Torgerson (1998) have calculated the average cost of falling, and 

subsequent fracture, and this is shown in table 104. The East Sussex Health Authority reported 

1203 hospital admissions for fracture of the femur in 1998-1999 for people 65 and over (355 in 

Brighton and Hove). This places an enormous burden on the Health Authority'S budget, and on 

families and carers (East Sussex Brighton and Hove Health Authority, 2000). 
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Table 1..+ Overall cost of falling (Dolan and Torgerson, 1998) 

r Fracture type Acute costs per Social care, long stay Follow up cost Overall cost per 

l patient hospital costs per patient per patient fracture 
I Hip 
f-

£4,808 £7,152 £164 £12,124 
. \Vrist £368 £0 £100 £468 
l Vertebral £96 £0 £321 £479 

In 1997, 67% of accidental deaths in females aged over 65 were due to falls (Department of 

Health, 2002). Consequently one of the main priorities for the NBS is accident prevention 

(Department of Health, 1999). This White Paper has been re-enforced by the National Service 

Framework for Older People, with the aim of reducing the number of falls that result in serious 

injury by 2010. The framework lists the following objectives: raised safety awareness among the 

public; improved environmental safety measures; lifelong healthy eating (particularly calcium 

and ,'itamin D); and healthier levels of physical activity and exercise. Additionally, guidelines 

have been established to help physiotherapists, occupational therapists and nurses working in the 

community in making decisions about appropriate treatment for elderly people who have fallen 

~NHS Executive, 1996). 

Currently it is not known if there is the need for specific health promotional advice at the time of 

retirement, regarding lifestyle changes and the influence on several parameters related to falling, 

or whether this advice can be given at any time. Therefore, the aim of this longitudinal study was 

to investigate whether lifestyle changes at retirement affect lower limb strength, joint motion and 

balance performance, and to assess the possible implications in terms of health promotion 

guidelines 

Definition of 'falls' 

Falls have been defined in several ways. Most epidemiological and intervention studies of falls 

have required the fall to be 'unintentional' and there to be some form of contact with the ground. 

The definition consistent with the international classification of diseases (World Health 

Organisation) states that a 'fall is an unexpected event where a person falls to the ground from an 

upper level or the same level'. The definition commonly used today is by Tinetti et al. (1988), 

who defined a fall as 'an event which results in a person coming to rest unintentionally on the 

ground or other lower level, not as a result ofa major intrinsic event (such as stroke) or 

overwhelming hazard'. 

Causes offalls 

Falls occur when an individual engages in an activity that results in a loss of balance and the 

body mechanism responsible for compensating fails. Falls often occur during routine activities 
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such as walking; descending or climbing steps; transferring on or off chairs, beds, toilets, or in or 

out of baths; and reaching up and bending down (Tideiksaar, 1994). 

Epidemiological studies have clearly established a series of intrinsic and extrinsic risk factors for 

falls in elderly people. Intrinsic factors include locomotor dysfunction such as:- muscle 

weakness, balance and gait deficits, use of multiple medications, impairment of vision and 

cognition, and a history of falls. Extrinsic factors include poor lighting; unsafe stairs; loose rugs; 

poorly fitting footwear and environment (Masud and Morris, 2001). 

A summary of data identifying risk factors for falling from controlled falls studies in community 

and institutional dwelling older people can be seen in table 1.5, produced by the American 

Geriatrics Society (2001). The table includes results of univariate analysis of the most common 

risk factors for falls identified in 16 studies that examined risk factors. The number of studies 

\\"ith significant associations is shown against the total number of studies looking at each factor. 

Table 1.5 Risk factors for falls (American Geriatric Society, 2001) 

I 
Risk Factor Significant / Total t Mean Range 

RR-OR t 
I Muscle weakness 10/ 11 4.4 1.5 - 10.3 
i History of falls 12/13 3.0 1.7 - 7.0 

Gait deficit 10/12 2.9 1.3 - 5.6 
I Balance deficit 8/ 11 2.9 1.6-5.4 
I Use assistive device 8/8 2.6 1.2 - 4.6 
: Visual deficit 6/12 2.5 1.6 - 3.5 
I Arthritis 3/7 2.4 1.9 - 2.9 

Impaired Activities of Daily Living 8/9 2.3 1.5-3.1 
Depression 3/6 2.2 1.7 - 2.5 
Cognitive impairment 4/11 1.8 1.0 - 2.3 
Age> 80 years 5/8 1.7 1.1-2.5 

t Number of studies with significant odds ratio or relative risk ratio in univariate 
analysis/total number of studies that included each factor. t Relative risk ratios (RR) 
calculated for prospective studies. Odds ratio (OR) calculated for retrospective studies. 

Lower limb muscle weakness has been identified as a risk factor for falls since Whipple, Wolfson 

and Amermans investigated the relationship of knee and ankle weakness to falls in nursing home 

residents in New York City (1987). Measurements of isokinetic lower limb peak torque were 

performed using an isokinetic dynamometer in a group of 17 fallers (with a history of one or 

more unexplained falls within the prior year), and 17 age matched non-fallers (with 13 female, 

and 4 male in each group). The mean age of fallers was 82.2 years, and mean age of non-fallers 

was 84.6 years. Significant differences in peak torque were found between groups (p<0.0025) 

indicating fallers were weaker than non-fallers. The weakness was most pronounced at the ankle 

joint at higher angular velocities, as shown in table 1.6. 
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Table 1.6 Mean peak torque (Nm) for fallers and non-fallers (Whipple et aI., 1987) 

Limb Knee Ankle Knee Ankle Knee Ankle Knee Ankle 
Task Extension Extension Flexion Flexion 

----

Velocity 60 deg/s 120 deg/s 60 deg/s 120 deg/s 
Fallers 25.8 5.5 19.3 2.1 15 1.0 12.4 0.2 
N on-fallers 44.9 16.2 31.5 9.8 31.3 3.8 25 2.1 

In a more recent study of community dwelling females, Skelton et aI. (2002) compared lower 

limb muscle force in a group of frequent fallers, and non-fallers aged over 65. The study 

measured 20 fallers (with a history of 3+ falls in the past year), and 15 age matched controls with 

no history of falls in the past year. Both groups carried out a number of knee extensor force 

measurements, bilaterally, including an isometric test (at 90° knee flexion), an isokinetic 

concentric extension/flexion movement at 100 deg/s maximal eccentric contraction of the 

quadriceps at 100 deg/s, concentric ankle dorsiflexion at 100 deg/s and plantar flexion at 100 

deg s. Limb explosive power was measured using the Nottingham Leg Extensor Power-Rig. The 

groups of fallers and non-fallers were well matched, although the non-fallers had a higher activity 

score (p<0.02). Data was analysed for the strongest, weakest and average lower limb force 

production. No significant differences were found in absolute values of power between fallers 

and non fallers. After normalising the data for bodyweight, there was only a significant 

difference between the groups when looking at the weakest limb, with the fallers having 

significantly weaker knee extensor power/bodyweight than non-fallers (p<0.04). With regards to 

lower limb power asymmetry, 13% of the non fallers and 60% of the fallers had asymmetry of 

greater than 10% in lower limb power. With regards to lower limb force, the fallers were weaker 

on absolute strength tests, although not significantly. When normalising the muscle force data 

for bodyweight, ankle dorsiflexion force was found to be significantly weaker in fallers than non

fallers (p<0.03). Once again significant asymmetry was found between lower limbs for all 

muscle force measurements in fallers and non-fallers (p<0.05). When comparing the least 

powerful lower limb, fallers had 24% less power for weight than the non-fallers. The fallers had 

a mean power score of 1.45 W /kg which was less than the proposed functional threshold of 1.5 

W /kg necessary to step onto a 30 cm step (Skelton et aI., 1999a), 26% of the non-fallers and 65% 

of the fallers had power below this threshold. The findings would suggest that one weak lower 

limb would be enough to precipitate a fall, or to have too little power to stabilise the body after a 

trip. This was a well designed study, however, possible differences in physical activity levels 

must be considered when interpreting the findings. The only way to improve this study would 

have been to have used an activity matched control group, though this would be hard to come by 

as fallers generally have reduced activity levels due to fear of falling. 
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Both lower extremity muscle force production and lower extremity range of motion have been 

found to be predictors of functional ability in older adults (Beissner et aI., 2000). Furthermore 

reduced lower limb range of motion has been linked to falling. The first study to report losses of 

joint range of motion in fallers was by Studentski et al. (1991) who compared a group of older 

persons with unexplained falls (n= 1 0), and a control group of well elderly (n=24) to compare 

automatic postural reactions and effector factors. There was no significant difference in the mean 

age of the fallers and non-fallers, 81.9 and 77.4 years, respectively. Subjects undertook clinical 

balance tests including the 'get up and go' tests (Mathias et aI., 1986), timed one foot standing 

(Bohannon et aI., 1984), and Wolfson's postural stress test (Wolfson et aI., 1986). Peak torque of 

the knee extensors/flexors, and ankle dorsiflexors/plantarflexors were measured using an 

isokinetic dynamometer. Maximum range of motion for the ankle joint and knee joint were 

recorded bilaterally using a universal goniometer. The fallers did not perform as well on the 

clinical balance tests compared to the controls, including the one-foot standing (p<0.005), turning 

in place (p<0.005) and the postural stress test (p<0.005). Only 20% of the fallers were able to 

perfonn the one-foot standing test (standing on one-leg unassisted for a period of 5 seconds), 

compared to 790/0 of the controls. Following the onset ofplatfonn movement in the forwards 

direction, the tibialis anterior latency was significantly prolonged in fallers. However, during 

movement of the platfonn in the backwards direction, the gastrocnemius latency was only 

minimally longer in fallers. Lower limb peak torque was significantly reduced in the fallers as 

compared to the control group, in agreement with findings by Whipple et aI. (1987). Whilst 

there was no difference in knee range of motion between the groups, range of motion of the ankle 

joint was reduced in fallers (table 1.7). 

Table 1.7 Ankle joint range of motion (degrees) (Studentski et aI., 1991) 

! 

Fallers Controls p 

! Mean (SD) Mean (SD) value 

Dorsiflexion 4.8 (6.9) 9.7 (6.8) 0.07 

Plantarflexion 28.3 (7.5) 38.7 (12.4) 0.02 

Whilst the author has not given any details of the subjects position during the range of motion 

measurements, the values seen here for both groups are low when considering that during the 

swing phase of gait approximately 10° dorsiflexion is necessary for toe clearance (Patla et aI., 

1990). Furthennore, adequate ankle movements are also necessary for the muscular responses 

used to maintain perturbations to balance (McIlroy and Maki, 1996). In a cross sectional study 

investigating ankle mobility, Vandervoort et aI. (1992) demonstrated how the elderly subjects 

were affected by reduced force generation, stiffer connective tissue and subsequent loss of ankle 

mobility, with reported active dorsiflexion values of 13.5° (5.1) for males, and 10.1 ° (5.2) for 

females aged 81-85 years. 
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Not all studies have found differences in ankle range of motion whilst comparing fallers and non 

fallers. Nelson et aI. (1999) compared passive ankle dorsiflexion in 24 subjects (11 fallers, 13 

non fallers), aged 66-94 years. Dorsiflexion (DF) was measured with the subject in two positions 

(1) with the knee fully extended, and with (2) with the knee flexed at 90°. The author reported 

finding no statistical difference between fallers and non fallers. However, the method of analysis 

is unclear, for example, there is only one result displayed for ankle dorsiflexion, right limb DF of 

fallers was reported as 6.6 ° (6.9), and for non fallers as 7.1 ° (4.3). It is unclear if the results are 

the mean Yalues, and standard deviations, but more importantly it appears as if the two 

measurement values obtained for each (two testing positions) have been merged for data analysis. 

Reduced hip extension during gait has been reported in healthy elderly fallers (n=16) compared 

to non fallers (n=23) (Kerrigan et aI., 2001). The faller group included 8 males and 8 females, 

with a mean age of 73. The control group included 13 males and 13 females, with a mean age of 

77. Subjects were asked to walk barefoot at their comfortable speed, and at a fast speed. Pelvic 

and bilateral lower extremity joint kinematic data was recorded using 3 dimensional 

optoelectronic motion analysis equipment for 3 walking trials, and averaged for each speed. Peak 

hip extension was the only parameter measured during walking that was significantly different 

between fallers and non fallers (p<0.05), (table 1.8). 

Table 1.8 Mean (and standard deviation) hip extension values (Kerrigan et aI., 2001) 

Non Fallers Fallers 
Hip Extension (0) 14.3 (4.4) 11.1(4.8) 

Unfortunately the author does not mention any reliability studies undertaken, and therefore the 

results must be interpreted with caution as the potential measurement errors due to skin 

movement, placement of sensors etc may be larger than the difference seen between the groups. 

Furthermore, reduced hip extension values could have been expected due to the reduced mean 

velocity (m/s) recorded at the comfortable speed for fallers (0.89) and compared to the faster 

speed of non fallers (1.21), as well as the reduced cadence reported for elderly fallers, and 

reduced stride length compared to non fallers. 

There are a number of studies which have investigated balance performance between fallers and 

non-fallers, using clinical balance tests (MacRae et aI., 1992; Meldrum and Finn, 1993; Niam and 

Wee, 1999; O'Brien et aI., 1998; Studentski et aI., 1991), postural stress tests (Wolfson et aI., 

1995) and force platform tests (Brauer et aI., 2000; Lord and Fitzpatrick, 2001; Maki et aI., 

1994). Some researchers have used multiple methods to compare the ability to predict fallers 

(Brauer et aI., 2000; Wallman, 2001). Of the clinical balance tests investigated, the one-leg 

stance test (ability to stand on one leg for 5 seconds unaided), has shown significant differences 
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between fallers and non fallers in studies by MacRae 1992; Studentski 1991; Meldrum and Finn 

1993 and Nelson 1999. Interestingly, no significant difference was found by Niam and Wee 

(1999) who investigated the relationship of unipedal stance time, age and falls in a group of 

healthy elderly Asians. However, their study protocol differed, as there was no time limit to the 

task. Using the Tinetti balance and gait assessment (Tinetti et aI., 1986), Meldrum and Finn 

(1993) found that whilst the scores were higher for fallers, a considerable number of non fallers 

also had high scores, therefore whilst the assessment could highlight areas of impaired balance, it 

could not ditTerentiate fallers from non fallers. In a six month prospective study by Brauer et al. 

(2000) of 100 community dwelling Australian females (mean age 73), neither clinical measures 

of Berg Balance Scale, Functional Reach, Step Up Test, or Lateral Reach test were able to detect 

differences between non fallers (n=65), fallers (n=35), frequent fallers (n=16) or recurrent fallers 

(n= 19). The subjects in this study were relatively independent community dwelling older adults, 

therefore the clinical tests may not have been sensitive enough to detect changes. Whereas the 

laboratory variables of movement speed, centre of pressure measurements during quiet stance 

and limits of stability were better able to predict non fallers than fallers. The subjects who 

perfonned well on the balance tests and measures were not likely to fall, whereas those who 

perfonned poorly did not necessarily fall. This may be due to the limited follow up period of six 

months. perhaps if the study had been extended there may have been more reported falls within a 

follow up of 12 months. 

A number of studies have shown evidence of the effectiveness of exercise interventions focused 

on improving muscle strength, balance and gait in older people, in reducing the number of falls 

(Buchner et aI., 1997; Shumway-Cook et aI., 1997; Wolf et aI., 1996; Yates and Dunnagan, 

2001). In community dwelling females at moderate risk of falls, Tai Chi C'uan reduced the rate 

of falls during a short follow up period of 4 months (Wolf et aI., 1996). Furthermore, Shumway

Cook et aI. (1997) examined the effects of a multidimensional exercise program on balance, 

mobility and falls risk in community dwelling older adults with a history of falling. One hundred 

and five subjects were classified into 3 groups; (1) a control group of fallers (n=21), (2) a fully 

adherent exercise group (n=52); (3) a partially adherent exercise group (=32). Subjects in both 

exercising groups received an individualised exercise program. Changes in performance on a 

number of clinical balance and mobility tests and fall risk were compared among the groups. At 

the end of the study, both exercising groups had a reduction in fall risk, with the greatest 

reduction in the fully adherent exercise group. In a study by Buchner et aI. (1997), of relatively 

healthy community dwelling older people, a program of very intensive strength and endurance 

training reduced the risk of subsequent falls and the proportion of fallers. Pooled results from the 

Frailty and Injuries: Cooperative Studies of Intervention Techniques (FICSIT) meta-analysis of 

seven studies that featured exercise as a prominent part of multifactorial interventions, showed 

that targeted exercise reduced the risk of falling by 10%, balance training interventions by 25% 
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and regular practice ofTai Chi reduced the risk by 37%). Whilst they reported an overall 

significant reduction in falls among intervention subjects, only three of the seven individual trials 

showed significant reductions (Province et a1., 1995). These findings emphasize the need for 

specificity in exercise interventions, with exercise of sufficient intensity to stimulate 

improvement. Tai Chi requires the constant shifting between double stance and single stance, a 

requirement that constantly challenges the balance control system to maintain the subject's centre 

of mass within their base of support. 

The need for specificity of exercise interventions was shown by McMurdo et a1. (2000) who 

carried out a randomised controlled trial of fall prevention strategies in old peoples' homes. One 

hundred and thirty three residents with a mean age of 84 years participated in the study; 77 

participated in a six months fall risk factor assessment/modification and seated balance exercise 

training program; and 56 received reminiscence therapy. Fall risk factor assessments were 

performed at baseline, and repeated at 6 months. Falls and fractures were also monitored in both 

groups during a 7 to 12 month falls monitoring follow up period. Of the 67% who completed the 

6 month intervention period, and 63% who completed the follow up falls monitoring period, no 

difference was found between the groups in the number of falls sustained, the risk of falling or 

risk of recurrent falling. This study highlights the need for exercise interventions to be specific, 

in this instance, to improve balance, exercises must be performed during standing. In the study 

by Wolf et al. (1996) mentioned earlier showing a reduction in fall rates following Tai Chi C'uan 

training, a computerised balance training program within the same study did not reduce falls. 

A group of researchers from Dunedin, New Zealand have carried out four trials of an exercise 

program designed to prevent falls. A meta analysis of the individual level data has since been 

published (Robertson et al., 2002). Participants included 1,016 males and females aged 65 to 97, 

who were assigned to exercise and control groups either randomly or by centre. Exercisers 

undertook an individually prescribed program of home strength and balance training exercises, 

three times weekly (supplemented by two weekly walks) for 44-52 weeks. As a result of the 

intervention, participants in the exercise group sustained 350/0 fewer falls and fall related injuries, 

than those in the control group. The program was most effective in those aged over 80, whilst 

being equally effective in fallers and non-fallers, and males and females. 

During the past decade several studies have examined the effects of multifactorial interventions, 

but in these studies it is difficult to determine which of the components are effective. Other 

studies have examined the effects of single interventions but these studies do not yield 

information as to whether a combination of interventions might further reduce falls risk. A recent 

study aimed to examine the effects of various interventions, separately and in combination, in 

1090 urban home dwelling Australians aged 70 and over. Day et al. (2002) carried out a 
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randomised-controlled trial with a full factorial design. The target risk factors were quadriceps 

muscle force, balance (postural sway and timed 'up and go'), poor vision (vision acuity) and 

presence of home hazards. Risk factors were assessed at baseline and subjects randomly 

assigned into one of seven groups, who received no intervention, or exercise and/or vision, and/or 

home hazard intervention. Falls were monitored over the subsequent 18 months in 971 

participants who completed the study, and risk factor assessment was repeated in a randomly 

selected subsample of 442 participants. The exercise intervention consisted of 15 weekly training 

classes (1 hour), supplemented by daily home exercises. Quadriceps force and balance improved 

over the period of the intervention. Quadriceps force (kg) improved in weaker legs (18.7 to 23.6, 

p<O.OOl) and stronger legs (21.9 to 24.6, p<O.OOI). During the follow up, balance did not change 

signiiicantly in the exercise intervention group, but deteriorated in the control group. The home 

hazard intervention resulted in 88% of participants being advised to make modifications. The 

total number of home hazards fell significantly on reassessment. The vision correction 

inten"ention resulted in a referral of 18% of participants who did not already have eye care 

assessments planned. Only 50/0 had treatment (new or modified prescription glasses or surgery). 

Visual acuity was little changed in the group as a whole. The exercise intervention was the most 

effective of those studied, resulting in a 70/0 reduction in annual fall rate, even when compliance 

was modest (60% of those assigned to the exercise group attended at least half of these classes, 

and home exercises were performed on average twice weekly). The other interventions had 

smaller effects, but when combined with exercise resulted in a cumulative reduction in annual 

fall rate of 14%. This study provided evidence that an exercise intervention can significantly 

reduce fall rate in older people, even when compliance is modest. 

The effects of habitual physical activity levels on fall risk was examined in the Longitudinal 

Ageing Study of Amsterdam (LASA). Pluijm et ai. (2002) measured the physical activity level 

in 1383 participants aged 65-88 years by a detailed questionnaire. Over the following 3 year 

period physical activity was non-linearly, inversely related to the risk of falls. As compared with 

the least active group, the most active group (those with the highest reported energy expenditure) 

had a recurrent fall rate reduction of 24%. This data suggests those who remain active, with 

higher physical activity levels, but without an exercise intervention program may delay and 

reduce the risk of falling. Unfortunately, results from the Allied Dunbar National Fitness Survey 

and the HEA's National Survey of Activity and Health focusing on adults aged 50 and over, 

presents a stark picture of the functional ability of this age group (Skelton et aI., 1999b). It was 

reported that over two thirds of males and females in England were not sufficiently active to 

improve or maintain their health. Furthermore, a significant number of people, particularly 

females had difficulty performing some activities of daily living, as shown in table 1.9. 
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Table 1.9 Difficulties reported in performing activities of daily living (Skelton et aI., 
1999b ). 

Reported difficulties in ADL Age Males Females 

Lacked the leg strength and power to climb stairs 50-74 7% 28% 
easily 
Did not have the shoulder flexibility to wash their 50+ 14% 25% 

i hair comfortably 
I In~ufficit'n.t leg s~ength to get out of a chair 70-74 70/0 25% 

wIthout usmg theIr arms 
I Unable to walk comfortably at a 20 minute/mile 55-64 3% 20% 
! Qace I ... -_. 
I Reported walkmg pace (20 minute/mile) difficult 64-74 90/0 45%> 

I 

Physical changes associated with the ageing process are complex, as individuals age in their own 

way due to their genetic inheritance and lifestyle choices. Research has shown a gradual decline 

in physical performance starting as early as 30 years of age. By the i h decade the age-related 

changes. particularly in the skeletal system, have been associated with increased susceptibility to 

falling, a general decrease in mobility and frequently a loss of independence. With an increase in 

the ageing population, due to longer life expectancy, this has become a serious problem for the 

health and social services. Whilst nothing can be done to prevent the age related changes, or alter 

an individual's genetic coding, many tissues of the body degenerate simply due to disuse atrophy. 

Consequently, the habitual physical activity levels are a major determinant of the rate of muscle 

loss, reduced joint range of motion and impaired balance performance. 

In order to be able to understand the effect of ageing and change in activity levels on the human 

body, it is necessary to look at the underpinning theory of ageing in relation to skeletal muscle, 

joint range of motion and balance performance. This section discusses the literature regarding 

the effect of ageing, exercise and disuse on each of the measurement variables. 

1.4 Skeletal muscles 

Introduction 

The structure of muscle is such that on the outside the muscle is covered by a fascia of fibrous 

connective tissue known as the epimysium. Each bundle is separately wrapped in a sheath of 

connective tissue called perimysium. The bundle is made up of thousands of muscle fibres, each 

embedded in a fine layer of connective tissue (endomysium) (Astrand and Rodahl, 1986). 
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i\fllscle fibres 

Distinctive fibre types of human skeletal muscle have been identified and classified by their 

contractile and metabolic characteristics. Most muscles show a mixture of two types of fibre, 

which are known as type I (slow) and type II (fast) fibres. Type I muscle fibres are narrower than 

type II fibres: they have poorly defined myofibrils, irregular in size, and are rich in mitochondria 

and oxidative enzymes, but poor in phosphorylases. Type II fibres have fewer mitochondria, 

n10re extensive sarcoplasmic reticulum, and are poor in oxidative enzymes but rich in 

phosphoroylases: they also possess more glycogen. The difference between the fibre types lie 

partly in their respiratory metabolism; type II fibres obtain energy primarily by glycolytic 

respiration but are quite easily fatigued, whereas type I fibres have a well developed aerobic 

metabolism and are highly resistant to fatigue (Williams and Warwick, 1980). There are several 

types of type II muscle fibres; fast glycolytic fibres (known as type lIB) contract 2-3 times more 

quickly than the type I fibres. Type lIB fibres produce fast, rapid, powerful contractions . 

. -mother t) lJe of fast twitch fibre is the fast oxidative glycolytic fibres known as type IIA, which 

is intermediate in contraction speed and combines both aerobic and anaerobic energy systems. A 

less frequently seen type II fibre in humans is type lIe muscle fibre, which appears when the 

fibres are undergoing a transition from type lIB to IIA (Spirduso, 1995). 

The proportions of the different types of fibres in adult human muscles vary to a great extent. 

The major muscles generally have a mix of both type I & II fibres, although some muscles like 

the soleus (used almost exclusively in slow postural movements) contain 25 to 40% more type I 

fibres than other leg muscles. Type II fibres are adapted to produce more rapid phasic forces 

which operate in large scale movements of body segments. The percentage distribution of fibre 

type differs significantly among people and between various muscle groups of a particular person 

(Astrand and Rodahl, 1986). 

Innervation ofskeletal muscle 
Each skeletal muscle is innervated by one or more nerves containing both motor and sensory 

fibres. In a mature muscle, one motor neurone will supply a number of fibres scattered 

throughout the muscle. All the muscle fibres supplied by one motor neurone form a motor unit. 

If a motor neurone fires, all the muscle fibres in that unit will contract at the same time, 

producing an electrical discharge (action potential) and magnitude of force (twitch). The size of 

the electrical discharge and generation of force will be proportional to the number of fibres 

within the contracting motor unit. Within a single muscle there is a range of motor unit size, the 

number and type of fibres in each depending on the function of the motor neurone. The fast 

motor neurones support large motor units, while the slow motomeurones support small units. 

The number of muscle fibres within a motor unit will vary depending on the size of the muscle, 

and its function. 
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With ageing there is a loss in motor unit number, estimated to be approximately 1 % of the total 

number per annum, beginning in the third decade of life, and increasing rapidly in rate beyond 

the age of sixty. The decrease in motor unit number is accompanied by an increase in "size" or 

innervation rate, such that on average, each motorneurone innervates more muscle fibres in the 

aged than in the young (Roos et aI., 1997). 

Jlotor unit recruitment 

l\fotor units vary in their size and contractile characteristics depending on patterns of use during 

every-day activities. There is a recruitment order for motor units, with slow motor units recruited 

during low force contractions and fast units activated during high force contractions only. By 

progressive recruitment of motor units the force generated in a muscle can be increased in a 

step\vise fashion (Jones and Round, 1990). This recruitment pattern is advantageous as the 

smaller units (slow and fatigue resistant) are in use most frequently for activities such as postural 

adjustments, requiring small forces. The large (fast and rapidly fatiguing) units are used for 

occasional large force contractions. 

The effect of ageing on skeletal muscle 

There are three hypotheses explaining the effect of age on muscle fibre type composition: 

1) More type II than type I fibres are lost with ageing (from the progressive and selective 

death of the large motorneurones that activate type II fibre motor units) (Larsson et aI., 

1979). 

2) Type II motor units transform, primarily through disuse, into type I fibres, changing the 

type II to type I ratio and making it appear that type II fibres have been lost (Grimby and 

Saltin, 1983). 

3) The proportion of muscle fibre types remains relatively constant throughout life, with a 

loss of all fibre types (Lexell et aI., 1988). 

The reasons for the controversy regarding which type of muscle fibres are lost selectively with 

ageing is probably due to several factors: researchers investigating different muscles; different 

sample populations; different methodologies used and different areas of muscle sampled (the 

selective loss of specific fibre types has been shown to depend on whether the belly or the ends of 

the muscle were examined). There is a general consensus however, that many of the age related 

changes in muscle are more specific to muscle function than to ageing per se. Whilst many 

studies support the observation that the number of muscle fibres decline with ageing, the small 

percentage of fibres lost does not account for the larger percentage of muscle force lost 

(Spirduso, 1995). This would suggest that the age related decrements in muscle strength are 

influenced by the type and amount of physical activity in which adults participate. With this in 
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mind, the current study investigates the change in lower limb strength over a 12 month period, 

comparing individuals who retire from full time employment (offering profound changes in an 

individual's life and lifestyle, with the opportunity to substantially increase or decrease physical 

activity levels), to a matched control group who remain in full time employment. 

Generally, the maximUlll strength of males and females is achieved between the ages of 20 and 

30 years (Asmussen and Heeboll-Nielsen, 1962; Bosco and Komi, 1980). Thereafter, a wealth of 

cross-sectional and longitudinal studies have demonstrated a progressive reduction in muscle 

volume and muscle strength with ageing (Frontera et al., 2000; Grimby, 1995; Hughes et al., 

2001: Larsson et aL 1979; Lexell et al., 1988; Lindle et al., 1997). The following studies 

provide an indication as to the rate of decline in muscle mass and strength that may be expected 

with ageing, using various measurement techniques. 

Janssen et al. (2000) carried out a large cross sectional study assessing skeletal muscle mass and 

distribution in 468 males and females, aged 18-88 years old. Using magnetic resonance imaging 

to assess muscle mass of the upper and lower body, they reported a curvilinear relationship 

between age and muscle mass, with a change in the slope of the regression line occurring at 

approximately 45 years of age for both males and females. Consistent with other findings, the 

reductions in muscle mass with advancing age were greater in the lower body than the upper 

body for both genders (Asmussen and Heeboll-Nielsen, 1962; Lynch et al., 1999). Furthermore, 

skeletal muscle mass, relative to bodyweight, was 38% in males, and 31 % in females. Although 

Janssen found relative percentage muscle mass decrease starting in the third decade, a noticeable 

decrease in absolute skeletal muscle mass was not observed until the 5th decade, with noticeable 

losses thereafter. The decrease in skeletal muscle mass approximated 1.9 and 1.1 kg/decade in 

the males and females, respectively. 

The most commonly investigated muscles are the knee extensor muscle group, which is probably 

due to their functional importance. One of the key studies investigating the cause of muscle 

atrophy was carried out by Lexell et al. (1988) who measured the cross sections of autopsied 

whole vastus lateralis muscle from 43 previously healthy males between 15 and 83 years of age. 

Data was reported on muscle area and the total number, size, proportion and distribution of fibre 

types. The main finding was that ageing atrophy of the vastus lateralis muscle begins as early as 

25 years of age, and thereafter accelerates. From 20-80 years, they found an average reduction in 

muscle area (40%), in total number of fibres (39%), and in fibre size (26%). The reduction in 

muscle mass was caused mainly by a loss of fibres and to a lesser extent by a reduction in fibre 

size. By the age of 50 approximately 10% of the muscle area was lost, then the reduction 

accelerated, and by 80 years of age almost half of the muscle area was wasted. By regressing the 

product of the fibre sizes and total number of fibres ('total fibre area') on muscle area, the fibre 
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density could be calculated. For the younger individuals (age 20) approximately 70% of the 

muscle area was composed of muscle fibres, whereas for the older individuals (age 80) this value 

was approximately 50%. Whilst this sample size was not particularly large, it would appear that 

the researchers followed a strict methodology and carried out in-depth analysis of the vastus 

lateralis nluscle. It seemed representative of a cross section of the healthy male population of 

Sweden. All 43 individuals had been 'normally' active until their sudden death, and had no 

previous history of systemic disease, mental disorder, neurological disorders or injury to the 

lower limbs or back. 

The tindings by Lexell et al. (1988) of muscle atrophy of the vastus lateralis are in agreement 

\yith other studies assessing muscle morphology in relation to age (Larsson et aI., 1979; Trappe et 

al., 2001). Muscle biopsy observations of the vastus lateralis by Larsson et al. (1979) from 51 

male volunteers aged 20-65, reported a fibre type distribution shift towards a lower percentage of 

type II fibres with a corresponding increase in type I fibres with age. Type II fibre 

subclassification revealed a linear decrease in both type lIA and type lIB fibres, whilst no change 

was seen in type lIe with increasing age. The fibre area distributions revealed a decrease in the 

average cross sectional area of type II fibres, and whilst no significant linear change in type I 

fibres \"as seen with age, the result was a decrease of the type 1111 fibre area ratio. These 

observations were not accompanied by any measurable change in either thigh circumference, fat 

free soft tissue weight or body fat weight. Larsson suggests the muscle fibre atrophy here was 

disguised by a larger content of fat and connective tissue, which was also reported by Allen et al. 

(1960) and Overend (1992). The replacement of muscle mass with fat and connective tissue 

wi th ageing can be seen clearly in figure 1.1, from a study by Trappe et al. (2001), which shows 

magnetic resonance images of the quadriceps femoris muscle in an old subject (77 year old 

male), and a young subject (23 year old male). From a study of 10 young subjects (5 male, 5 

female) with a mean age of24, and 10 old subjects (5 male, 5 female) with a mean age of79, 

Trappe found significant ageing muscle atrophy between the old and young. However, the 

percentage of the total quadriceps femoris taken up by each muscle was similar (p>0.05) for 

young and old, in both males and females. 
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Figure 1.1 ~agnetic resonance images of the cross sectional area of the quadriceps muscles 
In a 77 year old male (left) and a 23 year old male (right) (Trappe et al., 2001). 
Rectus femoris (RF), vastus lateralis (VL), vastus intermedius (Vn and vastus 
medialis (VM). 

\Vith data from the study by Lexell et al. (1988), it can be estimated that after age 50, the 

reduction in muscle cross sectional area is approximately 1 %/year. However, a recent 

longitudinal study evaluating changes in muscle cross sectional area with age by Frontera et al. 

2000) using computerised tomography, suggests this may be an underestimation of the rate of 

reduction. In a 12 year longitudinal study, Frontera measured the cross sectional area of the thigh 

muscles the quadriceps femoris muscle and flexor muscles in nine healthy sedentary males on 

t\ 0 occasions in 1985-6 (mean age 65) and in 1997-8 (mean age 77.6). A significant reduction 

in all cross sectional areas was observed, with the percentage change ranging from 12.5% (total 

thigh) to 16.1 % (quadriceps femoris muscle). The reduction in cross sectional area was 1 to 

1.4%/year, which leads the author to suggest that cross sectional studies may underestimate the 

true ageing loss in muscle size. At the same time however, the data reported here is from a 

limited number of subjects of a specific age range (65-77), and the rate of reductions seen here 

may differ from another sample population aged 45-55 for example. 

The studies assessing the decline in muscle mass with ageing, are consistent with data from other 

studies which have measured muscle force and ageing (Akima et al., 2001; Asmussen and 

Heeboll-Nielsen, 1962). As well as evaluating changes in muscle mass with ageing, Frontera et 

al. (2000) compared the differences with muscle torque of the lmee extensors and flexors in the 

same individuals. In this 12 year study, isokinetic muscle torque was tested at two angular 

velocities, 60 deg/s and 240 deg/s in 12 healthy sedentary subjects, at ages 65 and 77. At the 

slower velocity, losses of 1.98 and 2.37%/year were reported for the lmee extensors and flexors, 

respectively. Slightly greater losses were found at the faster velocity, namely 2.48 and 

2.45%/year for the lmee extensors and flexors, respectively. These values can only provide an 

indication as to the type of loss that might be expected within males in this age group, if we 

assume that the loss is linear. It would have been interesting to see the results had the authors 

undertaken more repeat assessments within this 12 year study. The findings shown in table l.10 
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can be compared with results from other longitudinal studies. Lower rates of decline in muscle 

torque were found in a longitudinal study by Hughes et al. (2001), who assessed isokinetic 

muscle torque in 118 subjects (male and female) at age 60, with a ten year follow up. Following 

knee extension/flexion assessments at an angular velocity of 60 deg/s, Hughes reported a 

reduction of approximately 1.45%/year for males, and 1.18 to 1.7 4%/year for females. The 

marked difference in the rate of muscle torque loss between these two studies, may be due to the 

different leyels of physical activity between the two groups, or the difference in sample size. 

Both studies used the same measurement tool to assess muscle torque, a Cybex isokinetic 

dynan10meter. The subjects in Frontera's study were sedentary, and reported a reduction in 

weekly energy expenditure between the initial visit and the follow up visit. In comparison, the 

subjects in Hughes' study were reported as having relatively high energy expenditure rates 

throughout the period of the study. There was an increase during Hughes' study of the number of 

subjects participating in regular strength training (8% at baseline, and 18% at follow up), 

although no difference was seen in the rate of change between these individuals and those not 

participating in regular strength training. The author commented that the individuals who did not 

return for follow up assessments in this study were initially weaker at baseline, and may therefore 

haye expected to have seen greater rates of muscle torque loss over time in this group. The 

different rates of reduction in muscle torque reported by these investigators may also reflect 

differences in study populations. Biological variability within sample populations has been 

observed in longitudinal measurements of muscle strength (Bassey, 1998) and muscle cross 

sectional area. Frontera et al. (2000) reported changes in muscle torque of the knee extensors 

ranging from no change in one subject to a reduction of 76 Nm in another subject, and a 

reduction in the cross sectional area of the quadriceps femoris muscle ranging from 5 to 26% 

over 12 years. In addition to the within-group variation reported, Astrand and Rodahl (1986) 

suggest a within-subject (day to day) variation of approximately ±10% could be expected for any 

test of muscular strength. Similar figures were reported in reliability studies assessing maximal 

isokinetic knee extensor strength by Frontera et al. (1993) and Harries and Bassey (1990). 

Aniansson et al. (1992) studied the muscle force and muscle morphology of nine elderly males 

three times during 11 years. On the last occasion the average age was 80 years (range 79-82yrs). 

Muscle force for knee extension, measured by means of isometric and concentric isokinetic tests 

(30 and 60 deg/s), declined by 25-35% over the 11 year period. Between ages of76 and 80 years, 

only the isokinetic muscle torque at 30 deg/s decreased significantly, although Aniansson also 

reported a significant reduction in the proportion of type lID fibres during this period. The 

decrease in the cross sectional area of type II fibres was not significant between the ages of 69 

and 76 years. 
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Table 1.10 

---

A uthor 

-

Fronte ra et al. 
(2000 ) 

-

Hunhc.' ;::- s et al. 
(2001) 

------

sson et Anian 
al. (19 92) 

-

-
Bassey 
(1998) 

et al. 

Rate of decline in muscle force reported in various longitudinal studies 

Subject Age Length Limb Method of % change/year I 
no. and at of study Assessed assessment Mean (SD) 
gender start 

12 males 65 12 years Knee Isokinetic @ 600/s -1.98 (1.2) 
Extensors Isokinetic @ 2400/s -2.48 (1.91 
Knee Isokinetic @ 600/s -2.37 (1.9) 
Flexors Isokinetic @ 2400/s -2.45 (2.9) 

68 60 -9.7 yrs Knee Isokinetic @ 600/s ~ -1.18 (1.5) 
females Extensors o -1.45 (1.5) 
50 males Knee Isokinetic @ 600/s ~ -1.74 (1.6) 

I Flexors 0-1.46 (1.8) 
I 9 males 69 11 years Knee Isokinetic @ 300/s -2.27 

Extensors Isokinetic!B 600/s -3.18 
Isokinetic @ 1800/s NS 
Isometric @ 60° -3.18 

221 ~ 73 8 years Handgrip Strain gauge <2% for ~ and 
I females o 72 strength dynmometer 0 
: 126 males 

In comparison, data from cross sectional studies have generally reported lower rates of reduction 

in muscle force with ageing, as shown in table 1.11. The values found by both Akima et al. 

(2001) and Lindle et al. (1997) are very similar, as might be expected with roughly the same age 

range of subjects, and methods of assessment. However, in Skelton's (1994) study, which 

investigated a narrower age range (65-89 years), there are larger declines in knee extensor muscle 

force (-2%/year), more consistent with findings reported by the longitudinal studies of similar 

age groups, see table 1.10. 

Table 1.11 Rate of decline in muscle force reported in various cross sectional studies 

Author Subject no. Age Limb Assessed Method of % change/year 
and gender assessment Mean 

: Akima et al. 90 males 20-84 Knee extensors Isokinetic @ 60, o -1.2 
I (2001) 79 females 180 and 3000/s, ~ -0.8 

i 
, and isometric 

I Lindle et al. 346 males 20-93 Knee extensors Isokinetic @ 30, -0.8 to-l 
(1997) 308 females 1800/s, and 

isometric 
Skelton et 50 males 65-89 Knee extensors Isometric 0-1.8 , 

· al. (1994) 50 females ~ -2 

There is a wealth of literature from studies reporting the rate of decline in muscle force and / or 

torque with age following various assessments of isokinetic and / or isometric muscle tests. A 

recent area of interest has been the association of lower limb muscle power with functional status 

in ageing. In this context, power is defined as the time-rate of doing work and is computed as: 

Power = (Force x Distance) / time. It is measured in Watts (W). Studies have demonstrated the 

decline in muscle power in lower limbs with ageing (through mechanical parameters calculated 

from standing jump tests performed on force platforms), similar to declines seen in muscle force 
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with ageing (Bosco and Komi, 1980; DeVito et aI., 1998). Several studies have investigated 

whether muscle power can predict functional performance, by using specifically designed 

(Bassey et aI., 1992) or adapted equipment (Foldvari et aI., 2000) to assess lower limb power in 

elderly people. Bassey et aI. (1992) compared knee extensor power in very old males (n=13) and 

females (n=13), aged 80-99 years, who were all residents ofa chronic care hospital (USA). Knee 

extensor power was assessed via a Nottingham Leg Extensor Power-Rig (designed by Bassey and 

Short, 1990). The subject, in a seated position with folded arms, gave a maximal push to a large 

foot pedal. The equipment consisted of a rig with an adjustable seat, facing the pedals which was 

connected through a chain to a flywheel. An opto-switch detected the flywheel speed and a 

recorder displayed the outcome in Watts. The final (maximal) speed of the flywheel after a pedal 

push \,"as used to calculate the average power. The seat was adjustable on runners for each 

individual, to allow the lower limb to reach full extension exactly at the end of the pedal travel 

which is 0.165m. The seat has no arms and a low back (0.15m), so the forces generated in the 

lower limb are contained between the buttocks and the sole of the foot. A fixed eccentric plate in 

the linkage between the pedal cranks and the chain alters the mechanical advantage of the push 

progressively as the flywheel accelerates. The time taken for one pedal push varies with the 

power of the individual (values range from 0.25 to 0.75s). The designers report that the 'amount 

of push' depends on resources commanded by the nervous system within the muscle cells rather 

than circulatory or respiratory factors. Comprehensive reliability studies have been undertaken 

and published on the Nottingham Leg Extensor Power-Rig, comparing measurements with 

isokinetic dynamometer and standing jump tests (Bassey and Short, 1990). In the study of 

chronic care hospital patients, Bassey et al. (1992) found a significant difference in power output 

by males and females, with knee extensor power values of 67 W for males, compared to 34 W for 

females. Normalised for bodyweight, the values were 1.02 and 0.64 W /kg for males and females, 

respectively. In addition to the power tests, performance measures were obtained by timing chair 

rises, stair climbing, and a walk (6.1 m). Knee extensor power was significantly correlated with 

all performance measures (p<0.001), and when treated separately, the correlation for the females 

was stronger and more consistent than for the males. 

A randomised, controlled trial by Foldarvi et al. (2000) investigated whether peak muscle power 

was closely associated with self-reported functional status in 80 sedentary elderly community 

dwelling females (mean age 74.8). Measurements included dynamic concentric force of the 

upper and lower body (one repetition maximum), muscle power, V02 peak (treadmill by a graded 

exercise test), body mass index and habitual physical activity levels (P ASE Physical Activity 

Scale for the Elderly questionnaire). Muscle power was assessed using specifically modified 

computer interfaced pneumatic resistance machines. Foldarvi found that peak leg press power 

and habitual physical activity level were independent predictors of self reported functional status. 

Leg press power, leg press strength and physical activity level were significantly related to 
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functional status. Whilst functional dependency was found to be multifactorial, the strongest 

predictors in this study were muscle power and habitual physical activity level in older females. 

Comparisons of measurements of muscle power with isometric (Skelton et aI., 2002) and 

isokinetic (Whipple et aI., 1987) muscle force have been undertaken. In the UK, a cross 

sectional study by Skelton et aI. (1994) of 50 males and females, examined the effect of healthy 

ageing on muscle force, power and potentially related functional ability. From the ages of 65-89 

years, with 10 male and 10 female subjects in each half decade groups, measurements were 

undertaken of isometric knee extensor, elbow flexor and hand grip strength, knee extensor power, 

timed rise from a low chair, stepping unaided and activity levels. Knee extensor power was 

assessed using the Nottingham Leg Extensor Power-Rig. The females in the group aged 65-69 

years were found to have the same or lower isometric muscle force normalised for body weight, 

or knee extensor power normalised for body weight than males aged 85-89 years. The loss of 

knee extensor power (W) in males was faster than in the females (p<0.002), with reductions of 

3.7% males, and 3.20/0 females. Whilst the loss of knee extensor power with age was greater than 

the rate of loss of isometric muscle force tests with age in males (p<O.OOO 1), this was not 

significantly so in the females (p=0.08). Skelton reported that differences in isometric muscle 

force and knee extensor power (in males and females) over the age range were equivalent to 

'losses' of 1-2% and 3.50/0 respectively per annum. Both males and females were generally 

active, and although there was no decrease in activity score over the age range, the loss of muscle 

force and power with age was consistent with other cross sectional studies. Looking at the 

relation between lower limb muscle force and power with functional tasks, both power and 

muscle force values normalised for body weight influenced chair rise time, and step height. 

As a result of these studies evaluating the use of power as a predictor of functional performance, 

all authors (Bassey et aI., 1992; Foldvari et aI., 2000; Skelton et aI., 1994), have implied that 

power may be more sensitive to age related losses than muscle force, and subsequently a more 

relevant measure. However, to date no longitudinal studies have been carried out to assess 

change over time in knee extensor power output. Furthermore, one disadvantage of using the 

Nottingham Leg Extensor Power-Rig, is that the rig may exaggerate the loss of explosive power 

with age. Weaker subjects face the same initial load as the stronger subjects, and are therefore 

acting further from the optimum point on their power / velocity curve (Skelton, 1995). The 

measurement protocols used to assess power via the Nottingham Leg Extensor Power-Rig, or the 

specifically modified pneumatic resistance machines, are not transferable, and therefore the data 

emanating from both is not comparable at this stage. 

It is well documented that the decline in muscle mass with ageing is due to changes in the 

components of the muscle, such as decreases in the number and size of muscle fibres that it 
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innervates (Larsson et aI., 1979; Lexell et aI., 1988), and a substantial amount of muscle tissue is 

replaced by fat and connective tissue (Overend et aI., 1992; Trappe et aI., 2001), resulting in a 

dec line in muscle force. Furthermore, the cumulative effects of ageing on the central nervous 

system function are exhibited by a decrease in the number of spinal cord axons, a reduction in 

nerve conduction velocity and a significant loss in the elastic properties of connective tissue 

(!\1cArdle et aI., 1996). 

\\ 'batever the cause, the loss of muscle may eventually become disabling so that subjects cannot 

rise from a chair unaided. Postponing this decrease in mobility, and consequent loss of 

independence is becoming more important as the number of older people increases. Recent 

studies haye started to identify functional thresholds of the quadriceps femoris force, below 

\\"hich functional activities begin to be impaired. Following a study on a group of 50-75 year 

olds. (Skelton et a1., 1999b) suggested that people needed a knee extensor muscle force 

equiyalent to 35% of their bodyweight (3.5 N/kg) to be confident of getting up from a low chair 

without using their arms. Within their study, they found several subjects with knee extensor 

muscle force below this functional threshold (2% of males, 140/0 of females). Looking 

specifically at the elderly subjects within their study, aged 70-74, they found up to 25% of the 

females had this degree of weakness compared to 7% of the males. Overall Skelton reported an 

ayerage quadriceps force value for females that was 75-85% of those of males of the same age. 

A further study looking at thresholds of ability was carried out by (Ploutz-Snyder et aI., 2002), 

who measured isometric peak torque of the knee extensors, gait speed, timed chair rise and stair 

ascent/descent in 99 community dwelling males (n = 37) and females (n = 62) aged 50-92 years. 

They reported an approximate functional threshold for walking and stair ascent/descent of 3 N/kg 

(a knee strength equivalent to 30% of their bodyweight), with chair rise requiring a slightly 

greater torque/weight ratio (3.5 N/kg) in agreement with findings by Skelton and Young (1999). 

Effect of disuse on skeletal muscle 

A major factor in musculoskeletal weakness of older people is disuse atrophy. It is well 

documented that disuse of a skeletal muscle, such as immobilisation or bed rest, will result in 

muscle atrophy, and a reduced cross sectional area of both type I and II fibres (Astrand and 

Rodahl, 1986). Just a few days inactivity is sufficient to attenuate exercise performance as shown 

by Smorawinksi et a1. (2001) in a group of male students (aged 19-24 years). Twelve healthy 

male untrained students, 10 endurance trained athletes and 10 body builders performed an 

incremental cycle exercise test to volitional exhaustion before and after three days of bed rest. 

During bed rest the subjects were allowed to ambulate no more than 20 minutes a day (to the 

shower and toilet); for the rest of the day they read books, listened to the radio and watched 

television in the supine position. After only three days of bed rest the maximal exercise load, 
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measured in Watts (W), was significantly reduced in all three groups of students (p<O.OI), by 

approximately 140/0 for the untrained and endurance trained students, and 10% for the body 

builders, reported in table 1.12. 

Table 1.12 Maximal exercise load before and after bed rest (Means and SE) 
(Smorawinksi et al. 2001) 

~ 

Group Maximal Load (W) 
Before bed rest After bed rest 

~-----~- - ----~--

I Untrained 216.6 (7.1) 187.5 (6.5) 
I Endurance 

,~ , 

315.0 (18) 270.0 (11) 
I Body builders 250.0 (12.9) 225.0 (11) 

Gravity withdrawal, in conditions such as prolonged bed rest, can determine a specific 

hypotrophy of the extensor muscles of the thigh, as seen in cosmonauts after prolonged 

spaceflight (Antonutto et aI., 1999). Ferretti et aI. (2001) investigated the effect of 42 days bed 

rest on lower limb muscle cross sectional area in seven healthy young males (mean age 28 years) 

at the Rangueil Hospital, Toulose. To mimic gravity withdrawal the subjects were lying in a 

head down tilt (-6°) position during the 42 days, with no deviations from the lying position. Cross 

sectional areas of the lower limb muscles were computed using whole body magnetic resonance 

imaging before and after bed rest. Significant reductions in the total thigh cross sectional area 

(p<0.05), and the cross sectional area of the extensor muscles (p<O.OI) were reported, of 

approximately 13% and 170/0 respectively. These results are similar to those found by Berg et al. 

(1997), who with the same methodology, assessed lower limb muscle function after 42 days of 

bed rest in seven healthy males (mean age 28 years). The study was conducted at the Purpan 

University Hospital, Toulouse. Maximal voluntary knee extension torque, velocity and 

electromyographic (EMG) activity during knee extension were assessed before and after bed rest. 

Knee extensor cross sectional area was assessed by using magnetic resonance imaging. Weight 

bearing exercise was not allowed during the period of the study, although it is unclear if the 

subjects deviated from the head down tilt (_6°) position at any time during the trial. After bed 

rest a significant reduction in maximum voluntary force, muscle fibre area and diameter was 

reported (table 1.13). 
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Table l.13 Relative change in knee extensor peak torque, cross sectional area, and muscle 
fibre before and after 6 weeks of bed rest (Berg et aI., 1997). 

I 

Relative p value 
change (%) 

~ M~ximum isometric torque 24.5 ± 10.5 <0.05 
I_Maximum concentric peak torque 28.9 ± 12.2 <0.05 
: Knee extensor maximal angular 5.1 ± 6.3 <0.05 

yelocity 
!\luscle mean fibre area 17.6± 13.6 <0.05 -

I Muscle fibre diameter 7.8 ± 9 <0.05 
I CSA of the quadriceps femoris 13.8 ± 4.5 <0.05 
J}eakJ9~que per CSA 12.5 ± 9.5 <0.05 

The greater loss in torque relative to the reduction in muscle cross sectional area suggests specific 

tension of the muscle and/or neural input to the muscle is reduced. Changes observed in EMG 

actiyiry support both the occurrence of diminished specific tension and thus decreased 

electromechanical efficiency of the muscle and a reduced neural drive of the muscle. The results 

also suggested that unloading produces no major changes in contractile properties or in fibre type 

or myosin composition of a human muscle. Whilst these bed rest studies were limited to rather 

small sample sizes of young healthy males, the findings were consistent clearly showing that 

inactivity and disuse can lead to substantial amounts of muscle atrophy and significant declines in 

muscle strength (up to 29% maximum concentric peak torque) within a very short time period. 

Therefore it is realistic to assume that if an individual viewed retirement as the time to relax, 'put 

their feet up' and watch television after working for over forty years, they could show a 

substantial decline in muscle strength due to disuse atrophy at 6 months post retirement. 

The general consensus is that seemingly many age-related changes in muscle are in fact more 

specific to muscle function than to age. Individuals who remain physically active be it through 

sporting activities or work in a strength demanding job, are stronger in measures ofisokinetic 

muscle torque than inactive adults (Aniansson et aI., 1983). This would suggest that the age 

related decrements in muscle torque are influenced by the type and amount of physical activity in 

which adults participate. The negative effect of inactivity was seen in a longitudinal study by 

Rantanen et al. (1997). This five year study (in Finland) included 55 males and 111 females, who 

had baseline measurements of maximal isometric muscle force of hand grip, arm flexion, knee 

extension, trunk flexion and trunk extension undertaken at 75 years of age, with a follow up at 80 

years. Changes in muscle force were compared between groups based on the amount of everyday 

physical activity level. Whilst the muscle force alterations with age differed between muscle 

groups, Rantanen found that those who remained active (n=48) by undertaking physical activities 

such as household work, walking and gardening, retained their muscle force at higher levels than 

more sedentary groups. 
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Effect o(exercise 011 skeletal muscle 

Ske letal muscle is a plastic tissue, with its ability to adapt to physiological demands. Muscle 

hypertrophy and force production are related to an increase in myofibrillar protein (actin and 

myosin) and therefore, increased contractile filaments per muscle fibre. Physical activity can 

playa role in postponing nerve cell ageing, via the frequent firing of the action potentials during 

exercise. When the neurons are chronically inactive, the quantity of neuronal firing is reduced 

and the frequency of discharge in those neurons that remain active decreases. Fibres in the nerve 

\Yill atrophy when muscle function is reduced. The number of nerve fibres innervating muscle, 

the diameters of nerve fibres, and the health of the neuron are maintained through systematic 

activation of the muscle. It is not known how much of the training effect on muscle force is due 

to neural adaptations and how much is due to the adaptive changes within the skeletal muscles. 

During the initial period of strength training there is an increase in muscle force without any 

noticeable hypertrophy (Astrand and Rodahl, 1986). 

There is no doubt that older persons can improve and maintain their performance of motor tasks 

with frequent use, as do younger persons. Indeed, an exercise intervention does not need to 

involve high intensity exercise to show benefits in functional fitness. Cavani et al. (2002) 

investigated the effect of 6 weeks of stretching and moderate intensity resistance training on 

functional fitness in a group of older adults (mean age 69 years). The combined exercises (upper 

and lower body strength, flexibility and agility) resulted in significant improvements in the 

functional tests (arm curl, chair stand test, back scratch test, chair sit and reach, and timed up and 

go test). Whilst it is unlikely that any muscle hypertrophy occurred as a result of the 

intervention, improvements were found, which were probably due to neural adaptations. 

Additionally, Hortobagyi et al. (2001) found both low intensity and high intensity strength 

training equally effective in partially restoring maximal force production of the quadriceps in 30 

older subjects (mean age 72 years). However, not all strength training programs will improve 

functional ability, as the adaptations in the skeletal muscles are limited to the muscles actually 

engaged in the training. Skelton et al. (1995) carried out 12 weeks progressive resistance 

strength training in a group of twenty healthy elderly females (mean age 75 years). A further 

twenty females (age matched) acted as controls, with no intervention. Training comprised of one 

supervised session (1 hour) and two unsupervised home sessions (supported by an exercise tape 

and booklet), each week. Measurements of isometric knee extensor force (kg), elbow flexor 

force (kg) was made pre and post training, as well as a number of functional ability tests. These 

included timed chair rise, knee rise, rise from lying on the floor, 118m self paced corridor walk, 

stair climbing, functional reach, stepping up, stepping down and lifting weights onto a shelf. The 

exercise class included a 10 minute warm up, 30-40 minutes strength component (shoulder and 

hip abductors/adductors, flexion/extension; elbow flexion/extension and knee flexion/extension), 

and 10 minute warm down. The strength component included progressive resistance, using rice 
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bags (1-1.5 kg) or elastic tubing (6 resistances of 'Theraband' [Nottingham Rehabilitation]), for 3 

sets and 4-8 repetitions. As the subject completed 3 sets of 8 repetitions, the resistance increased 

and the number of repetitions decreased. The authors selected exercises to specifically strengthen 

the muscles considered relevant for the functional tasks, but not to mimic the functional 

measurements. At the end of the 12 weeks resistance training Skelton reported a significant 

increase in lmee extensor and elbow extensor force production of 27% and 22%, respectively. 

There were no improvements seen in functional reach, timed chair rise, lifting a bag onto a 

surface (2-8 kg), floor rise, corridor walk or stair walking. Only two tasks of stepping up and 

rising from the lmeeling position improved post training. This study found that task-independent 

increases in force production can produce only limited improvements in the functional ability in 

healthy older females, which re-emphasises the fact that to improve functional ability requires 

training that includes practice of the functional tasks. 

Exercise interventions have shown that resistive exercise can increase strength substantially in 

adults at any age, even in the frail elderly (Fiatrone et al., 1994). The principle that a muscle 

worked close to its force-generating capacity will increase in muscle force was proved in a study 

by Frontera et al. (1988), who reported significant gains in muscle force following 12 weeks of 

dynamic strength training at high levels of resistance in a group of males aged 60-72. 

Additionally, a nine week strength training program using a knee extension machine for 3 days a 

week produced increases in torque production in elderly males and females (aged 65-75) of27% 

and 29% respectively (Tracy et al., 1999). Similar gains were also seen in a slightly younger 

group by Hakkinen et al. (1998), who carried out a 6 months resistance training programme of 

the hip, knee and ankle extensors, in males and females aged 42-67. Ivey et al. (2000) 

investigated the effect of strength training and detraining on lower limb strength in a group of 

older males (n= 11), and females (n= 11), both with age ranges of 65 -75 years. All volunteers 

participated in a 9 week unilateral strength training program followed by a 31 week detraining 

program, where subjects were instructed to avoid any form of regular exercise for a 31 week time 

period. As predicted, the program resulted in significant increases in both strength and muscle 

volume (p<O.Ol), which returned to baseline levels in both groups following the detraining 

period. Whilst the sample size was low for this type of study, it does highlight that whilst a 

specific training program can lead to improvements in force production, if regular activity is not 

sustained after the intervention, the initial increase in force production will diminish. 

Aside from the exercise intervention studies, whilst the role of habitual leisure time activity in 

maintaining muscle function is unclear, studies have suggested that those individuals who remain 

active can attenuate many of the declines in various domains of physical functions (Bassey and 

Harries, 1993; Hunter et al., 2000). A cross sectional study of 217 females (aged 20-89) in 

Australia by Hunter et al. (2000) found both upper and lower limb muscle strength associated 
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with increased age and activity. Self reported physical activity levels declined with age but 

females who were more physically active for their age group were stronger in all muscle groups 

than relatively inactive females. An earlier study by Bassey and Harries (1993) also found 

strength significantly related to habitual physical activity levels from assessments of maximal 

grip strength in 920 males and females aged 65 and over. A longitudinal study by Hughes et al. 

C~OOl), discussed earlier in section 2.1, investigated changes in muscle torque in 120 individuals 

aged 46-78 years. At baseline volunteers undertook measurements of isokinetic upper and lower 

limb peak torque, and recorded habitual physical activity levels using the Alumni Health Physical 

Actiyity Questionnaire to assess participation in activities over the previous 12 months. Follow

up measurements were undertaken approximately 10 years later (range 7.9 - 12.6 years). Hughes 

found indiyiduals who decreased their physical activity over the period of the study had similar 

strength changes to those individuals who did not change their physical activity patterns or who 

increased their activity levels. After controlling for age, gender and length of follow-up, subjects 

reporting regular resistance-type exercise at baseline and follow-up or at follow-up only did not 

have muscle torque changes (absolute or percent change) different from those not doing this type 

of exercise. The different findings reported here may be due to the physical activity assessment, 

as the questionnaire used to assess sport and recreational activities was designed for use in 

college students, and/or to cohort differences. The group on average had relatively high weekly 

energy expenditure rates, where perhaps if the group had been more varied in activity levels, with 

some individuals reporting relatively low weekly energy expenditure rates, a difference between 

activity levels and decline in peak torque may have been demonstrated. 

Summary 

The literature has shown that due to the normal ageing process we might expect to see a decline 

in knee extensor muscle strength of approximately 1-2% per annum. However, during a 12 

month period it would be extremely difficult to detect this small change, bearing in mind the 

within-subject variation in strength assessments being in the order of some ±10%. Due to the 

adaptability of skeletal muscle to the physiological demands placed upon it, short term studies 

showing the profound effects of exercise and disuse have been reported with increases in knee 

extensor strength of 27% (Skelton et aI., 1995) following an exercise intervention, and a decrease 

of28% following bed rest (Berg et aI., 1997). Therefore, it is highly possible that within 6 or 12 

months post retirement, depending on lifestyle changes in physical activity levels, an individual 

could substantially increase or decrease his or her lower limb strength. With this in mind, the 

current study investigates the change in lower limb strength over a 12 month period, comparing 

individuals who retire from full time employment (offering profound changes in an individual's 

life and lifestyle, with the opportunity to substantially increase or decrease physical activity 

levels), to a matched control group who remain in full time employment. 
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1.5 Joint range ofmotion 

Introduction 

Several studies have provided values of 'normal' ranges of lower limb joint motion including the 

American Academy of Orthopaedic Surgeons (AAOS) (1965) reported in table 1.14, whose 

yalues haye been widely quoted in the literature (Beissner et aI., 2000; Clarkson and Gilewich, 

1989; Norkin, 1995). The AAOS suggest these values should be considered as general estimates 

rather than standard values, as range of motion (ROM) varies among individuals depending on 

seyeral factors including somatotype, age, lifestyle and cultural differences. It is surprising 

therefore that the authors do not provide any details of how they obtained these values, from how 

many participants, of what age range or indeed the origin of the subjects. 

Table 1.14 Average lower limb joint ROM values (American Academy of Orthopaedic 
Surgeons, 1965) 

Joint Motion Degrees 

Ankle ROM 70 
Dorsiflexion 20 
Plantarflexion 50 

Knee flexion 135 
Knee hyperextension 10 
Hip flexion 120 
Hip extension 30 

In addition to the factors mentioned, individual variation in range of motion is also influenced by 

multidimensional factors throughout the lifespan including gender, genetic coding, neural 

mechanisms and residual muscle tension. Further variables include muscle strength, 

coordination, disuse and disease pathology (Holland et aI., 2002). As joint motion affects every 

movement and invariably all activities of daily living, limitations or reductions in joint motion 

can affect a person's mobility and functional independence. Furthermore, research has shown a 

reduction in lower limb joint range of motion to be associated with falling in later life (Kerrigan 

et aI., 2001; Studentski et aI., 1991). 

Several studies have reported the functional range of motion required to perform several 

activities of daily living. The full range of dorsiflexion is necessary to descend stairs, and full 

range of plantar flexion may be required when climbing or reaching for an object (Clarkson and 

Gilewich, 1989). Furthermore, during gait a minimum of 10° dorsiflexion is required to ensure 

toe clearance during the swing phase (Patla et aI., 1990). McIlroy and Maki (1996) suggest that 

adequate range of motion at the ankle j oint is also necessary for the muscular responses used to 

maintain perturbations to balance, such as rapid compensatory stepping movements. A large 

range of motion is required at the knee joint for daily activities as reported by Clarkson and 
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Gilewich (1989); sitting down in a chair (93° knee flexion), climbing stairs (83° knee flexion), 

and squatting to lift an object off the floor (117° knee flexion). Additionally, Rowe et al.(2000) 

investigated the amount of knee motion required in a range of functional activities in a group of 

elderly subjects (n=20, mean age 67 years). The minimum knee flexion necessary during gait 

and slopes was less than 90° and for getting in and out of a bath required approximately 135° 

knee flexion. Similar to the normative values reported in table 2.5, these functional values are 

gross approximations due to the variation amongst individuals. Rowe et al. (2000) reported 

indi vidual differences in performance of approximately 10% of the group mean. 

The range of motion measurements include the active ROM and passive ROM. The active ROM 

is determined from the beginning and end positions when the subject actively moves the limb 

segment by hislher own effort. Passive ROM is determined by an examiner moving the relaxed 

extremity until a resistance to further movement is felt. Testing active ROM can reveal 

information concerning the capability of the neuromuscular complex to produce movement 

around a joint, and tests soft tissue shortening. Functional deficits in the neuromuscular complex 

can include weakness (resulting from neuropathic or myopathic changes) in the prime movers 

and S) 11ergists. or inappropriate activity in the antagonists or synergists. Passive ROM is larger 

than active ROM and is independent of a subject's effort, motivation and muscle strength. 

Testing passive ROM can provide information concerning the joint structures (bone, soft tissue) 

and their ability to allow motion (Miller, 1985). A disadvantage to measuring passive ROM is 

the potential for greater variation in measurement reproducibility due to the amount of external 

force applied to the limb. One way to reduce this potential for measurement error would be the 

introduction of a hand held force dynamometer to standardise the amount of force applied, but 

this may be cumbersome during practice. 

The effect orageing on joint range ormotion 

With ageing, mobility of the major synovial joints normally declines so that, by the age of 80, 

movements of the ankle, knee and hip joints are restricted. The decline in joint functioning 

throughout adulthood can be accounted for by age related losses in virtually every structural 

component of the joint, as joints are subjected to extreme amounts of trauma throughout life and 

strains of everyday activities that contribute to their deterioration. Beginning at the age of 20-30, 

the articular cartilage starts to thin, fray and crack, leading to outgrowths of cartilage developing 

(Ralphs and Benjamin, 1994). The ligaments and tendons become stiffer due to the changes in 

collagen (the primary component of the fibrous connective tissue). Collagen has an extremely 

low compliance, therefore small increases in the quantity of collagen in a muscle will increase the 

stiffness of the tissue considerably (Alnaqeeb et aI., 1984). Ageing causes an increase in the 

crystallinity of the collagen fibres and increases the fibres' diameter, thereby reducing 
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extendibility (Mazzeo et al., 1998). There is also a formation of collagen fibre cross linkages 

which, by altering the biochemical and mechanical properties of the protein, increases its tensile 

strength and decreases its elasticity, contributing to the reduction in connective tissue 

extensibility. Furthermore, connective tissue collagen shows significant dehydration with age, 

which can affect its elastic quality (Mohan and Radha, 1981). Elastin fibres, which provide the 

major quality of extensibility for muscle, fascia and ligament, also show ageing related 

degeneration similar to collagen fibres. Alterations include fibre fraying, calcification and an 

increased number of cross-linkages with other fibres, which result in increased joint rigidity 

(Bick, 1961). Additionally, with the age related weakening of the muscles around the joint this 

further contributes to restrictions in the joint movement (Vandervoort et al., 1992). 

Numerous cross sectional studies have shown the effect of age on the range of motion, with older 

adults haying reduced range of motion of the extremities than younger adult groups (Nigg et al., 

1992: Nonaka et al., 2002; Roach and Miles, 1991; Vandervoort et al., 1992). However, there 

appears to be limited data from longitudinal studies (Bassey, 1998), consequently it is difficult to 

estimate a predicted yearly loss in joint motion, or indeed to know for certain whether to expect a 

loss in a particular joint, and whether the loss is consistent or within a particular age span. 

Seyeral of the cross sectional studies are reported below to provide an indication of the age 

related decline found using a variety of measurement techniques, on different age groups. 

In a cross sectional study of 121 subjects (males and females) aged 20-80 years, Nigg et al. 

(1992) compared active range of motion of the ankle joint with gender and age. Range of motion 

measurements were taken using a 6° of freedom machine that was developed for in vivo 

measurements of foot movement. The range of values reported for the younger group (aged 20-

39), were greater than all the older groups (ages 40-59, 60-69 and 70-79), with the average 

difference (between young and old) being 2.9 ° dorsiflexion, and 7.6 ° plantarflexion. However, 

the findings were different between the average difference (young and old) for dorsiflexion 

values between gender groups. The average difference of dorsiflexion, between young and old 

males, was -1.4 ° (-1 %), compared to 7.5° (29%) between young and old females. Nigg et al. 

suggested the gender differences found were due to the different amount and type of physical 

activity undertaken by males and females throughout the lifespan, on the assumption that the 

males in this study were generally were more physically active. However, the possible 

connection between changes in ankle range of motion and physical activities is just speculation as 

they did not carry out any measurements to assess physical activity levels. As the authors make 

no reference to any reliability studies undertaken on the methodology used, the findings must be 

interpreted with caution. 
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Normative values for active range of motion at the hip and lmee joint were reported by Roach 

and Miles (1991) in a cross sectional study of US population (males and females), using a 

Universal Goniometer. Looking at the mean values for each age group, as shown in table l.15, 

they found a relatively small decrease in lmee flexion and hip flexion values with ageing, 

although a larger decrease was seen in hip extension between the younger and older groups. 

Table 1.15 Range of motion values (mean and SD) reported by Roach and Miles (1991) 

----- -r- Aged 25-39 Aged 40-59 Aged 60-74 

I (ROM 0) (ROM 0) (ROM 0) Movement 
. n = 433 n = 727 n = 523 

... Kne~ ti~~i-Ol-l------t1-1:-=3--:-4--:-(9=-:-)----+--13-2-=-(-1---.:.1 )~-+-1-3 --=1 =---( 1-1 =-=) ==--

. Hip flexion 

I Hip extension 
i 

122 (12) 120 (14) 118 (13) 

22(8) 18(7) 17(8) 

A limitation of the study is that it was a secondary analysis of data obtained from the National 

Centre for Health Statistics (1971-1975). The authors did not have any quantitative data 

regarding reliability of the measurement protocol undertaken, although they did report that some 

problems with reliability were encountered, which they concluded was mainly attributable to the 

effort dependent nature of the active ROM movements. As highlighted by the two studies 

described above, there is a question as to the quality of findings from some of the research 

investigating the measurements of joint motion (be it full range of motion measurements or 

during functional tasks) as a number of studies have failed to report any reliability data, therefore 

the findings must be questionable (Nigg et aI., 1992; Nonaka et aI., 2002; Roach and Miles, 1991; 

Rowe et aI., 2000). 

Longitudinal changes in shoulder joint movement were investigated in a group of 350 males and 

females over the age of 65 (Bassey, 1998). The maximal range of abduction in 45° of flexion 

was measured using a gravity operated goniometer. A coefficient variation on retest of 5% was 

reported. Whilst the results showed that over 8 years, on average, there was little loss of shoulder 

range in both males (_1.8°) and females (_4.8°), substantial variation was found between 

individuals of ±27 ° for the males, and ±29 ° for the females. The authors reported changes in 

shoulder range in females were related to age, changes in grip strength, demispan and general 

activity, and in males they were related to changes in demispan. 

The effect of disuse on joint range of motion 

Connective tissue has been noted to increase in dystrophic muscle, denervated muscle and 

immobilised muscle (Alnaqeeb et aI., 1984). Whilst the biological cause of the loss of tissue 

extensibility with age remains to be fully clarified, it is lmown that disuse due to adopting an 
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increasingly sedentary lifestyle adds to the degenerative biological changes of the ageing process 

itself (Vandervoort, 1999). It is well documented that the load bearing tissues such as cartilage, 

tendon, ligament and bone can modify their structure and composition in response to changes in 

their mechanical loading environment. When physical stimuli are increased through physical 

actiYity, the quality and quantity of load bearing tissues can be enhanced to accommodate the 

ne\y loading. Conversely, disuse and a subsequent reduction in loading can have a negative 

effect on the quality of these tissues. As the muscle tissue is replaced with fatty and fibrous 

(collagen) tissues, this will result in further reductions in the range of movement at the joint. 

Flexibility of a joint is maintained by using the joint to the ends of its range of movement and 

participating in physical activities that stretch the muscles across the joint. When a joint is 

relatiyely unused, the muscles that cross it shorten, thus reducing the range of motion. 

Subsequently the degree of limitation of joint movement is greater among those who pursue 

sedentary lifestyles (Gardner, 1993). 

The t'{fect of exercise of joint range ofmotion 

Exercise interventions have been shown to facilitate an increase in active and passive range of 

motion, and a decrease in joint stiffness. Hubley-Kozey et aI. (1995) used a general fitness 

programme twice weekly over a 2 year period to determine range of motion changes in 22 

Canadian females (average age 67). Joint range of motion was assessed using a Leighton 

flexometer. The one hour session included a warm up of low intensity activity and stretching, 

aerobic walking and marching and unspecified strength activities, and a cool down relaxation 

period. Whilst improvements were reported in joint range of motion for hip flexion (9.8°), knee 

flexion (9°) and ankle dorsiflexion (4.4°), the results must be interpreted with caution as the 

authors did not report any reliability data. A longitudinal study investigating the effect of 

exercise on hip joint motion in a group of American females (n=12, aged 50-71) over 5 years 

found significant increases in hip flexion (13 0) and hip rotation (6 0) (Misner et aI., 1992). The 

intervention consisted of 15-30 minutes stretching period followed by 30-60 minutes walking or 

water aerobics, 3 times a week for 5 years. Joint motion was assessed using a Leighton 

flexometer. Once again these results are questionable, firstly due to the small sample size, but 

mainly due to the within-subject variation that was reported by the authors from just four 

participants who were assessed on two occasions during a one week period prior to the 

longitudinal study. The individual variations in hip flexion ranged from 3 ° to 8°, and in hip 

rotation from 1 ° to 12 0. 

One study which attempted to associate levels of physical activity with measurements of joint 

motion in 60 males and females (aged 60-84 years) found no significant differences between 
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participants with self reported high levels of activity and those with low levels of activity 

("Valker et al., 1984). However, the authors had not validated the questionnaire used to assess 

leisure time activities. Furthermore they calculated physical activity levels by estimating the 

relative metabolic energy expenditure, which may be a good indicator of cardiopulmonary 

fitness, but may not be related to joint range of motion. Whereas, a recent study by Feland et al. 

(2001) found activity levels were related to knee joint range of motion in 62 subjects (mean age 

85), \vhose activity levels were assessed via a validated physical activity questionnaire designed 

for the elderly (Voorrips et aI., 1991). 

Summary 

\Vhilst the quality of the literature on joint range is rather limited, the research suggests that due 

to the normal ageing process we might expect to see a decline in joint range of motion, but the 

amount of change will vary depending on the joint examined. During a year one might not 

expect to be able to detect an age related decline in performance, however at the time of 

retirement (with the opportunity to substantially increase or decrease physical activity levels), 

due to the adaptability of connective tissue, it is possible that changes in joint motion may be 

seen. With this in mind, the current study investigates the effect of retirement on lower limb joint 

motion over a 12 month period, comparing any change in joint motion in individuals who retire 

from full time employment to a matched control group who remain in full time employment. 

1.6 Balance 

Introduction 

The three major sensory systems involved in balance and posture are the visual system, the 

somatosensory system and the vestibular system (Winter, 1995a). The visual system plays an 

important role primarily in planning location and in avoiding obstacles along the way through 

providing information about the environment and the location, direction, and speed of movement 

of the individual. The somatosensory system provides information related to body contact and 

position through a multitude of sensors, which sense the position, and velocity of all body 

segments, their contact with external objects and the orientation of gravity. The control of 

movement is dependent on constant and accurate information from the somatosensory system. 

The vestibular system provides information about movements and position of the head, through a 

system of receptors sensing linear and angular accelerations. These vestibular neurons contribute 

substantially to balance, having powerful and direct influences over the motor neurons in the 

spinal cord that activate muscles (especially extensor muscles) (Spirduso, 1995). Deficiencies in 

any of the postural control components may lead to postural imbalance and subsequent falls, 
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especially when additional risk factors are present (Hu and Woollacott, 1996). Individuals may 

have losses of sensory function that impair the ability to detect loss of balance and result in 

delayed postural response. Others may have central nervous system disorders that limit their 

ability to adapt their postural responses to environmental conditions. Still others may have 

relatively intact neural function but lack the muscular strength or speed to recover from a loss of 

balance (Shupert and Horak, 1999). A large prospective study in Australia of341 females (aged 

between 65 to 99) linked visual contrast sensitivity, proprioception in the lower limbs, quadriceps 

strength and impaired balance, as indicated by four sway tests and two clinical stability measures 

\vith multiple falls (after controlling for age) (Lord et aI., 1994). 

Balance Strategies 

In the human body, the high centre of gravity, together with the small base of support in standing, 

place the body in unstable equilibrium. Balance is continually challenged by the destabilising 

internal perturbations from neuromuscular noise (DeLuca et aI., 1982) and hemodynamics 

(Conforto et aI., 2001), as well as by the force of gravity, perturbations from volitional movement 

(e.g. turning, bending) and interactions with the environment. Consequently it is impossible to 

stand motionless as even when standing quietly on both feet, the body sways over its base of 

support. The basic requirement for standing balance is that the position of the body's centre of 

mass is held within the boundaries of the base of support established by the feet (Maki and 

Mcilroy, 1998). Postural and balance adjustments to maintain stability, either reactive or 

proactive, require the precise co-ordination of many linked joints and muscles. The 

neuromuscular system uses a postural sensorimotor co-ordination, or strategy, to maintain or 

correct the centre of mass position. 

There are three main postural movement strategies identified for correction of anterior-posterior 

sway in normal adults: ankle, hip and stepping strategy (Horak and Nashner, 1986). The ankle 

strategy shifts the body's centre of gravity by rotating the body about the ankle joints with 

minimal movement of the hip or knee joints. The hip strategy repositions the centre of gravity by 

flexing or extending the hips. A stepping strategy realigns the base of support under the new 

position of the centre of gravity with rapid steps. In normal adults, the selection of a particular 

strategy depends upon the relative size of the support surface to the size of the postural 

perturbation (Vellas et aI., 1992). In young healthy subjects research has suggested that within 

the sagittal plane the ankle strategy is the first and primary response to a weak postural 

perturbation (Thelen et aI., 1997), whereas a stepping strategy is preferred in elderly persons 

(Blaszczyk et aI., 2000). However, Maki and Mcilroy (1998) suggest that, provided there is 

unobstructed space to step, then stepping becomes a very prevalent response even when the 

perturbation is relatively small. Standing with feet side by side, the medial-lateral sway is mainly 

controlled by using a hip load-unload mechanism by the hip abductors/adductors. In other 
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standing positions, such as tandem stance, the two mechanisms for controlling fluctuations in 

both the anterior posterior and medial-lateral directions still work separately, but their roles are 

reyersed (Winter, 1995b). 

Effect o(ageillg on balance performance 

The ability to control posture is known to change with increasing age as there is a significant 

deterioration in balance control mechanisms (Woollacott, 2001). Numerous studies have 

measured balance as a function of age and reported changes (Blaszczyk et aI., 2000; Era et aI., 

2002: Panzer et aL 1995; Sheldon, 1963). Age-related changes in sensory systems, neural 

processing and conduction of information, and musculoskeletal mechanics can all potentially 

impact on postural control in adults (Maki and McIlroy, 1996). In studies where subjects have 

been given external threats to balance, older adults have shown increases in onset latencies and 

disruptions in the temporal organisation of postural response muscles. Additionally, older adults 

use antagonist muscles more often in coactivation with agonist muscles when balancing 

(\\'oollacott and Shumway-Cook, 1990). Other research has suggested that, in addition to a small 

decrease in stability due to age alone, elderly people have an increased probability of developing 

pathologies that could lead to an accelerated degeneration of these systems. Many of these 

pathologies are subclinical (Shupert and Horak, 1999; Woollacott and Shumway-Cook, 1990). 

One of the earliest studies investigating the change in balance performance during quiet stance 

across the lifespan was performed in England with 268 participants aged 6 to over 80 years 

(Sheldon, 1963). The results suggested that the control of stance develops during childhood, 

reaching an optimum level in early adult life, and deteriorates from the fifties onwards. Increased 

sway during quiet stance was found in older compared to young adults whilst standing with the 

eyes open, this effect was amplified whilst standing with the eyes closed. Since then several 

studies have confirmed these findings, noting a trend towards increased sway with advancing age 

(Blaszczyk et aI., 2000; Era et aI., 1997; Panzer et aI., 1995). Other studies using timed single 

limb stance trials to assess balance have shown a decline in ability with ageing (Wiksten et aI., 

1996) from the 5th decade onwards (Balogun et aI., 1994). Due to the differences in measurement 

parameters and methodologies used within these cross sectional studies it is difficult to estimate 

the rate of decline in balance performance with ageing. However, there have been two 

longitudinal studies reporting the magnitude of change in balance performance in elderly subjects 

(aged 75 and over) (Baloh et aI., 1998; Era et aI., 2002). Era et aI. (2002) investigated changes in 

balance performance during a 5 year period in a group of Scandinavians (n=434) at 75 years of 

age, and at 80 years of age. Balance performance was assessed during quiet standing (eyes open 

and eyes closed) using centre of pressure data collected from a force platform. They found 

highly significant increases in measurement parameters after 5 years, ranging from 10 to 50% 

(eyes open) and 10 to 40% (eyes closed). The authors reported those who died during the follow 
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up period had exhibited greater centre of pressure values at baseline, than in the survivors. 

Assuming the decline was linear this would equate to changes of 2-1 O%/year (eyes open) and 

2-8%/year (eyes closed). Whilst this is a useful study, providing an indication as to the rate of 

change in balance performance for this age group, the results displayed substantial individual 

variation, so it would have been helpful if the authors had reported the average change for each 

task, in addition to the range. Furthermore, had the authors investigated habitual physical activity 

levels, it would have been useful to investigate any relationship between activity levels and the 

rate of change in balance performance, which may have provided some insight to the wide range 

of percentage change exhibited within this age group. 

£{(ect of exercise 011 balance performance 

Moderate physical activity levels have also been shown to have a positive effect on balance 

control in elderly subjects. A study in France has reported significant differences in posture 

control between 65 elderly subjects (males and females, aged 60-85) practising physical or 

sporting activities and those who do not (Perrin et aI., 1999). The subjects were divided into four 

groups depending on their current and previous activity levels (always active, active since 

retiring, inactive for past 30 years, and always inactive). Interestingly, Perrin reported no 

difference in balance performance between those who commenced physical or sporting activities 

after retiring and those who had either never stopped or who practised physical or sporting 

activities a long time ago. A more recent study from the same authors, investigated the effect of 

type of physical activity undertaken (proprioceptive or bioenergetic) on balance in 44 females 

aged 60 years and over (Gauchard et aI., 2003). Balance performance was assessed using 

measurement parameters obtained from a force platform. The subjects were in three groups: 

those who performed yoga or soft gymnastics (>90 minutes, once a week); those who went 

jogging or swimming (twice a week), or cycled (25 kmlweek); and those who practised no 

physical activity except walking. Significant differences were found between the groups, with 

those who regularly performed physical activity (yoga or soft gymnastics) exhibiting the least 

amount of postural sway during quiet standing, and those undertaking no form of physical 

activity other than walking exhibiting the greatest amounts of postural sway during quiet 

standing. Physical activity was also significantly associated with balance performance in a large 

cross sectional study with participants aged 75 from across Scandinavia (n=1004) (Era et aI., 

1997), where the physically active subjects consistently exhibited lower centre of pressure 

amplitudes than the less active participants. 

A rigorous study by Hoeppner and Rimmer (2000) used functional balance tasks to investigate 

the association between balance performance and physical activity levels in a group of American 

adults (aged 65-95 years). Functional tasks included the functional reach test, the timed up and 

go test and the timed single limb stance test. The subjects were divided into two groups based on 
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self report practices: an active group (n=33) who participated in stationary cycling, walking or 

strength training 30 minutes a day, 3 days a week; and a non active group (n=27). Significant 

differences were found between the groups for each of the functional tasks, with those who 

regularly exercised exhibiting higher balance performance scores (indicating better balance 

performance). The authors reported good test retest reliability for each of the tasks. 

In addition to studies displaying the association between habitual physical activity and balance 

performance, several studies have reported the influence of exercise interventions resulting in 

improvements in balance performance (Barnett et aI., 2003; Toulotte et aI., 2003). A randomised 

controlled trial to determine whether participation in a weekly supervised group exercise 

programme with ancillary home exercises over one year improved physical function and 

prevented falls was performed by Barnett et ai. (2003). Subjects (n=183) were eligible if they 

had one or more risk factors for falling (lower limb weakness, poor balance or slow reaction 

time) and drawn from 24 GP clinics or two hospital physiotherapy departments in Australia. The 

interyention included functional exercises (sit to stand, weight transference, reaching), balance 

and co-ordination exercises (modified Tai Chi, stepping practice, change of direction and dance 

step). strength exercises (sit to stand, resistance bands) and aerobic (fast walking with a change of 

pace and direction). At six months whilst no difference in strength, reaction time, walking speed 

or sit to stand scores were observed, significant reductions were found in the postural sway 

during quiet standing (eyes open and eyes closed) in the intervention group, compared to the 

control group (displayed in table 1.16). 

Table l.16 

I 

I 

EyesQQen 
Eyes Closed 

Postural sway (mm) reported by Barnett et al. (2003) following an 
exercise intervention 

Intervention Group (n=67) Control Group (n=70) 
Baseline 6 Months Baseline 6 Months 

Mean (SD) 
65.9 (43.7) 62.4 (34.1) 62.6 (41.7) 77.2 (41.7) 
96.1 (56.9) 85.4 (51.2) 105.7 (76.0) 117.2 (67.2) 

p value 
<0.01 
<0.01 

After the intervention the authors reported a decline in the rate of falls in the intervention group 

being 40% lower than the control group. It was disappointing that no further assessments were 

undertaken after the six months, even though the exercise intervention continued after this time. 

Whilst the authors did not provide a reason for this, it could have been due to the drop out rate as 

at six months the figures revealed a drop out rate of 19% in the intervention group and over 12% 

in the control group, or alternatively because the exercise intervention did not appear to be 

showing any improvement in the other measurement parameters at six months. 

Whilst no studies have been found investigating the effect of disuse (such as bed rest or 

immobilisation) on balance performance, one study found that 6 months after completing 
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rehabilitation treatment for a musculoskeletal injury to the lower limb, balance in the injured 

limb, as defined by the amount of postural sway (during a single limb stance test for 10 seconds), 

frequently remained impaired and did not return to that for the uninjured limb (Holder-Powell 

and Rutherford, 2000). 

Other/actors affecting balance 

In addition to the major systems that provide information and corrective actions relative to the 

body's stability, other factors such as muscular strength and self confidence (Spirduso, 1995) 

have also been shown to contribute to the maintenance of balance. Studentski et aI. (1991) 

carried out a prospective study of community dwelling people comparing those who had 

sustained an unexplained fall (n = 10, average age 81.9, SD 7.9) with a control group of non 

fallers (n = 2·t average age 77.4, SD 10.1). All subjects undertook a balance test, and ankle and 

knee strength test. Studentski found fallers to have substantial functional balance impairments 

as \yell as significantly lower limb peak torque, particularly of the dorsiflexors and plantarflexors. 

\\ nilst this study had a limited sample size, further studies have shown a statistically significant 

relationship between muscle and balance performance in older subjects, suggesting that, by 

maintaining muscle performance, balance may also be maintained (Lord and Castell, 1994; 

\Yiksten et aI., 1996). 

In both young and old people the fear of falling may interfere with balance (Hu and W oollacott, 

1994; Yardley, 1998). Much of the research on the relationship between fall-related fears and 

functional dependence has focused on links between performance of every day activities 

requiring control of balance, and specific beliefs concerning the capacity to perform those 

activities without falling. The evidence suggests that fall related self-efficacy beliefs affect 

functional independence, as they are highly correlated with daily activity levels (Tinetti et aI., 

1994). 

In light of the higher rates of falls and fall induced injuries among older females compared to 

older males, several studies have looked at gender differences when analysing differing aspects 

of balance performances. The reported findings of a large cross sectional study carried out on 

1280 healthy subjects in Nigeria (640 male, 640 female, aged 6-88 years) suggested that after the 

first decade of life, males consistently have higher balance performance scores than females 

(Balogun et aI., 1994). The measurement of postural stability recorded was the maximum 

duration (in seconds) that each subject could maintain balance on their dominant limb while 

standing with arms by their sides. Whilst Balogun acknowledges that the subjects constituted a 

sample of convenience, the findings of this study were predictable due to the nature of the 

assessment and should not be generalised for balance performance 'per se'. The task of standing 

on one leg for an unlimited duration requires muscular strength and endurance in addition to 

neuromuscular co-ordination. It has long been understood that there is a large difference in 
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muse Ie strength between females and males, with females' maximal strength in isometric or 

d)11amic contractions of the lower limb muscles being on average 65 to 75 percent of the males' 

maximum (Astrand and Rodahl, 1986). The authors should have used a cut off time (such as 15-

30 seconds) \vhich would have been adequate time to assess the groups' ability to stand on one 

leg. without testing the differences in muscular endurance. 

The etIects of distorted or absent vision and support surface sensory information on the balance 

performance of males and females has been tested by Wolfson et al. (1992) using a dynamic 

posturography platform. From a sample size of 236 healthy subjects of age 69 years and above 

(average age 76 + 5 years, 54% female) Wolfson found no difference between gender under 

normal vision and fixed support conditions. However they did report meaningful differences 

when balance was stressed (i.e. absent vision with sway referenced support, and sway referenced 

vision and support), which would suggest a decreased threshold of stability in elderly females in 

comparison with males. 

Healthy older females appear less able to recover balance by taking a single rapid step during a 

forward fall compared to older males (Wojcik et aI., 1999). The author proposed the decreased 

ability resulted from limitations in the maximum speeds at which the females moved their swing 

foot during recovery. 

A kinematic assessment of quiet standing with 24 normal subjects (13 males with mean age of 

51.8, and 11 females with mean age 54.9) reported greater medial-lateral movement in females 

than in males, suggesting females make more frequent medial-lateral weight shifts (Panzer et aI., 

1995). However the clinical significance of the findings is unclear, since this was a limited study 

wi th a small sample size which had a large age range (21 to 77 years). If the difference in weight 

load/unload strategy were deemed important, a large scale cross sectional study would need to be 

carried out. It is unclear from where and how the subjects were recruited for this study, and how 

well they represent other members of society as no information on height, weight, occupation or 

physical activity levels was provided. However, a recent controlled study investigating the effect 

of age and vision on limb load asymmetry during quiet stance in healthy active subjects, 22 

elderly persons (mean age 72.3 +-4yrs) and 21 young (mean age 23.9 + 4.8yrs) found both age 

and vision contributed significantly to limb load asymmetry (Blaszczyk et aI., 2000). When 

postural stability was challenged (eyes closed) Blaszczyk observed a greater compensatory 

unload of the preferred limb in elderly persons. This unloading would allow the 'better limb' to 

make a faster step necessary for the stepping strategy of balance recovery, increasing the 

probability of regaining equilibrium. Whilst the subject groups were mixed in this study (elderly 

group 13 female, 9 male and young group 11 female, 1 0 male) the authors did not report 
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analysing the data for any difference in performance by gender, possibly due to the small sample 

SIze. 

Summary 

The literature has shown that due to the normal ageing process there is a decline in balance 

performance. Whilst there have been a number of cross sectional studies investigating this 

dec line in performance with ageing, the inconsistencies in measurement techniques and or 

measurement parameters make it difficult to estimate the rate of change. Longitudinal studies 

haye reported declines in balance performance during quiet standing ranging from 2-1 O%/year 

\Yithin elderly subjects aged 75 and over. It is not known however if this rate of decline will be 

similar within different age groups, as no longitudinal studies have been found investigating the 

rate of change in balance performance in other age groups. During 12 months one might not 

expect to be able to detect an age related decline in performance, however at the time of 

retirement (with the opportunity to substantially increase or decrease physical activity levels), it 

is possible that changes in balance performance may be seen. With this in mind, the current 

study inyestigates the effect of retirement on balance performance over a 12 month period, 

comparing any change in balance performance in individuals who retire from full time 

employment to a matched control group who remain in full time employment. 
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1.7 Measurement techniques to assess lower limb strength, balance 
performance, joint motion and physical activity levels 

This section briefly outlines the tools and techniques available to assess each of the measurement 

yariables: lower limb strength, lower limb joint motion, balance performance and physical 

acti,ity levels. 

1.7.1 Lower limb muscle strength 

Normally muscle strength is determined by how much force it can produce either isometrically or 

dynamically. There are a variety of measurement tools available including force transducers or 

cable tensiometers, hand dynamometers, free weights, resistive exercise equipment and isokinetic 

dynamometers. The disadvantage of measuring muscle strength isometrically is that the 

maximum yoluntary contraction can only be recorded at one point in the range of movement. In 

contrast, the introduction of isokinetic dynamometers in the late 1960's enabled the measuring of 

a maximum yoluntary muscle contraction, against a variable resistance, throughout the range of 

movement (Hislop and Perrine, 1967). In addition to allowing the assessment of the dynamic 

function of a joint during movements at a controlled velocity, it is suggested that the isokinetic 

dynamometers facilitate more accurate positioning of the subject and of the joint tested, and a 

more precise assessment of muscle function (Baltzopoulos and Gleeson, 2001). To use this piece 

of equipment to assess peak torque of the knee extensors/flexors, the lower limb is attached to the 

input arm of the isokinetic dynamometer. This allows rotational movement of the input arm and 

the attached segment around its fixed axis of rotation. The angular velocity of the input arm and 

segment is controlled by the dynamometer and during a typical concentric movement, the 

segment is allowed to accelerate to the preset angular velocity limit. The resistive moment 

exerted by the dynamometer is then adjusted so that the angular velocity of the movement is kept 

constant (isokinetic) at the preset level. As the resistive moment applied to the muscle is 

determined by the effort the subject is exerting at any given time, this allows the maximum 

torque generated to be measured throughout the range of movement (Perrin, 1993). 

Isokinetic dynamometry allows muscular activation during isolated joint movements at a constant 

joint angular velocity, and is considered a safe and effective method for muscle function testing 

and training (Brown, 2000). The risk of injury is low as the resistance forces applied by the 

machine are in response to each individual's muscle action. Many researchers have used 

isokinetic devices to quantify the torque, work and power output of muscle. Peak torque is the 
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most frequently used isokinetic measurement in clinical and scientific work and refers to the 

single highest torque output produced by muscular contraction as the limb moves through the 

range of motion (Kannus, 1994). Peak torque has been shown to be an accurate and highly 

reproducible variable to measure. Numerous studies have shown good inter rater and intra rater 

reliability of isokinetic measurements of the knee extensor/flexor muscles (with Intraclass 

Correlation Coefficient values >0.95) for concentric testing (Gleeson and Mercer, 1992; Timm et 

aI., 1992). 

The peak torque generated by a muscle varies according to the velocity of the movement (known 

as the torque-velocity relationship). The peak torque generated by a muscle decreases with 

increasing velocities of movement, which is true regardless of the fibre type distribution. At any 

given velocity of movement, the torque produced is greater the higher the percentage of 

distribution of type II fibres in the muscle. There are mixed views about the ideal velocities at 

whie h to test a joint. Numerous studies, both cross sectional (Frontera et aI., 1991) and 

longitudinal (Aniansson et aI., 1980; Frontera et aI., 2000; Hughes et aI., 2001) have reported 

using angular velocities of either 60, 120 and/or 180 deg/s whilst assessing knee 

extension/flexion for subjects aged 20-95 years. It is not recommended to test at velocities 

slower than 60 deg/s because of the stress on the joint, and that most velocities lower than 60 

deg/s are not functional (Davies, 1987). Whilst it is suggested that many activities of daily 

living involve knee movements at angular velocities greater than 200 deg/s (lossifidou and 

Baltzopoulos, 1998), further research has highlighted an area of concern when testing at high 

angular velocities. True isokinetic work is only carried out when the velocity of the limb is 

constant. The nature of any movement is that it will start from a stationary position, accelerate, , 
and then decelerate to stationary at the end of the movement. With isokinetic movements, for a 

brief period of time at the beginning and end of each repetition the limb will not be moving at the 

set velocity (Baltzopoulos, 1991). This is not such a concern at the slow angular velocities as the 

proportion of time that the limb is not at a constant velocity is small. However, it is reported that 

during high angular velocities (greater than 180 deg/s) the constant velocity periods are limited, 

and subsequently the peak torque generated is likely to occur during the acceleration or 

deceleration period, and not at the required angular velocity (lossifidou and Baltzopoulos, 2000). 

From the literature reported, it would seem most appropriate to perform isokinetic assessments of 

muscle torque at angular velocities between 60 and 180 deg/s. 

The literature has shown that weaknesses in several muscle groups have been associated with 

falling, including the muscles around the knee joint, ankle joint and wrist. The most commonly 

investigated muscles are the knee extensor group, which is probably due to their functional 

importance. Therefore, with this in mind, together with the wealth of cross sectional and 
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longitudinal data available for comparison, the current study measured the muscle strength of the 

knee extensor/flexor muscle groups. 

1. 7.2 Joint range of motion 

There are several methods used to measure joint range of motion, with some applicable to many 

joints, whilst others are designed to measure only one joint. Goniometers are devices designed to 

measure the relative rotation of a given joint. The simplest and most commonly used clinically 

since 1910 is the universal goniometer, which consists of a protractor with two arms attached 

(one stationary relative to the protractor, and one mobile). The size used to assess joint motion 

\vill depend on the joint measured, permitting accurate alignment with the relevant bony 

landmarks. The AAOS handbook (1965) states that when the bony landmarks of an extremity are 

obvious, a goniometer can be used accurately. Numerous studies have used universal 

goniometers to assess lower limb joint range of motion (Mecagni et aI., 2000; O'Brien et aI., 

1997: Rothstein et aL 1983). 

Several reliability studies of goniometric measurements have been reported (Boone et aI., 1978; 

Rothstein et aI., 1983). Boone et aI. (1978) investigated the intra tester and inter tester variability 

and reliability of both upper and lower limb goniometric measurements taken by four physical 

therapists over a four week period. Measurements were undertaken of shoulder rotation, elbow 

flexion/extension, hip abduction, knee flexion/extension and foot inversion using universal 

goniometers. Boone et aI. reported less intra tester variation than inter tester variation, and 

suggested that when the same tester measures the same movement, changes in joint motion 

should exceed 3° for the upper extremity motions and 4° for the lower extremity motions to be 

sure that a change in joint motion has occurred. With more than one tester, changes injoint 

motion should exceed 5° for the upper extremity and 6° for the lower extremity. A further study 

investigating the reliability of universal goniometer measurements by Mayerson and Milano 

(1984) reported an average variation of up to 4° across a variety of joints could be expected and 

attributed to measurement error from the instrument placement and reading. However, in 

contrast to the earlier study by Boone, in this study the measurements were undertaken by two 

physical therapists on one subject, on 22 separate joint positions which were repeated twice. 

Whilst the authors reported undertaking measurements of a vast number of joint positions, the 

repeat assessments were taken within the same session which is an issue in itself regarding 

reliability testing. The authors failed to provide a detailed methodology describing which joint 

movements were assessed, nor did they provide any raw data or figures displaying their findings, 

leaving the reader unable to interpret which joint positions the reported average variation of 4° 

applied to. Mecagni et aI. (2000) reported good levels of reliability in a pilot study assessing 
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ankle range of motion using a universal goniometer, with intra class correlation coefficients 

(ICC's) of 0.97 for dorsiflexion, and 0.99 for plantarflexion. With the calibrated side of the 

gonion1eter shielded from the tester, two goniometric measurements of ankle plantar flexion and 

dorsiflexion were taken on 8 subjects. Unfortunately it is unclear from the study whether these 

measurements were made simultaneously or on separate occasions, which would have influenced 

the level of reliability found. Furthermore, this was a pilot for a study assessing both passive and 

active-assisted ankle range of motion; the authors have not stated whether the assessments in the 

pilot study were measured actively, actively-assisted or passively. The general consensus from 

these goniometric reliability studies is that inter-tester results have invariably shown poorer 

reliability than intra-tester results, subsequently it is recommended that a single tester undertakes 

all measurements as opposed to several testers (Boone et aI., 1978; Goodwin et aI., 1992). 

Since the introduction of the electro goniometer in 1959, a range of flexible electrogoniometers 

has been designed for the measurement of limb angular movement. Flexible electrogoniometers 

allow assessment of the joint during dynamic activities. Electrogoniometers are devices that 

measure angular position and displacement with respect to a reference, normally the longitudinal 

axis of the limb. An electrogoniometer generally has two 'arms', at the junction of which is an 

angular position sensor, such as a potentiometer or digital decoder. Any relative movement of 

the arms and, therefore, rotation of the sensor, results in a change of voltage that is directly 

proportional to the rotation. The analogue signal can be recorded to provide an angular 

displacement-time history. Normally, the signal is converted to digital form, providing an 

instantaneous readout of the angle between the arms. The sensors are attached across the joint 

with double-sided medical adhesive tape (or by straps depending on the type), and connected 

either to a display unit (allowing results to be displayed immediately), or to a data logger. The 

sensors and data recording instruments are lightweight, allowing subjects to move freely whilst 

undertaking the activities of daily living. Several studies have reported reliability data from 

flexible electrogoniometers, either during functional tasks such as walking and climbing stairs, or 

comparing them to other measurement tools. An early study using flexible electrogoniometers to 

record hip and knee joint motion during gait in hip replacement patients reported variation of 

between 1 and 4° during the gait cycle, reported from 4 walking trials from one person, during 

one afternoon (Rowe et aI., 1989). A further study using an electrogoniometer to assess knee 

motion during gait by Maupas et aI. (1999) reported variation of the knee of between 0 to 3.5 ° 

from 10 subjects walking on a treadmill at 4 kmlh for one minute, on two occasions. A recent 

study compared knee angles recorded from an electrogoniometer during gait, to values obtained 

from a Vicon motion analysis system, reporting a high degree of similarity between the two 

systems (Rowe et aI., 2001). However, initially the authors reported problems with the sensors 

rotating (and providing inaccurate knee joint angles during gait) when attaching the sensors onto 

the skin following the manufacturer's instructions. The high degree of similarity between the 
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electrogoniometer and Vicon system was only found after substantially altering the method of 

attachment of the electrogoniomters to help minimise the sensor rotation. The findings of this 

study raises questions about the two previous gait analysis studies reported, suggesting that whilst 

the authors found the measurements to be reliable, they may not have necessarily been valid. 

Only one study has been found investigating the reliability of electrogoniometers during full 

range of joint movement. Rome and Cowieson (1996) assessing full range of motion of the ankle 

joint comparing a flexible electrogoniometer, with a fluid filled goniometer and a universal 

gonionleter. Whilst recording ankle dorsiflexion in 10 healthy subjects on 2 occasions (with a 

one week interval between sessions), the authors found no significant difference between the 

sessions from the electrogoniometer (12.8 ° and 12.8 0) or the fluid filled goniometer (13.6 ° and 

13.8°), although they did find a significant difference between sessions for the universal 

goniometer (15.4 ° and 16.9°), which the authors suggest was probably due to the errors of visual 

estimation due to the resolution or parallax of the test instrument. No other studies have been 

found using electrogoniometers to assess end of joint motion. 

Studies have reported using electrogoniometers to measure functional lower limb range of motion 

during activities of daily living, such as during gait or climbing stairs (Rowe et aI., 2000), during 

sit to stand tasks (Kerr et aI., 1997) and during straight leg raises (Lee and Munn, 2000). Rowe 

et aI. (2000) investigated the knee joint motion required to perfonn several functional activities in 

a group of20 subjects (aged 49-89 years). The electrogoniometer was fixed to the skin using an 

adapted protocol (attaching the electro goniometer to flexible plastic strips prior to attaching to 

the limb). The functional activities included level walking, sitting down int%ut of a low chair, 

and getting into and out of a bath. The average knee flexion values reported ranged from 64 ° for 

level walking, to 131 ° getting out of the bath. Due to the large range of movements required to 

perfonn these tasks, there would have been potential skin movement rotating the position of the 

electrogoniometer sensors out of alignment. Unfortunately, Rowe et aI. did not provide any 

reliability data for this study, therefore the findings must be interpreted with caution. 

When measuring joint range of motion there are several factors that need to be taken into 

consideration, particularly when carrying out repeat measurements. Limb position is important 

and can lead to variation in the range of motion measurements, as the position of one joint can 

influence the range of motion for the adjacent joint, either proximally or distally. For example, 

whilst measuring hip flexion, the position of the knee joint will affect the range of movement 

because of the effect of the two joint muscles spanning the hip and knee. With the knee 

extended, hip flexion can reach 90° and with the knee flexed, hip flexion can reach up to 120 ° 

and beyond (Kapandji, 1985). In all positions the subject should be stabilised, either by the 

examiner, or by the plinth. For example, hip extension values will appear to increase by anterior 
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tilting of the pelvis due to exaggeration of the lumbar lordosis, therefore the pelvis should be 

stabilised by the examiner. The time of day measurements are undertaken should be taken into 

consideration, as individuals with certain pathologies (eg. rheumatoid arthritis) may have 

increased stiffuess in the morning (Jordan, 2000). In certain joints, due to the amount of soft 

tissue around the joint, difficulties can occur whilst trying to identify the bony landmarks against 

\Yhich to align the goniometer, this is particularly an issue at the hip joint. The other factor when 

assessing joint motion using a measurement tool that is attached directly onto the surface of the 

skin (such as electrogoniometers, potentiometers or motion analysis markers), is the skin 

movement that occurs whilst moving the joint through its range, the angle recorded by the 

instrument may not necessarily be a true reflection of the movement in the underlying bones. 

The ideal \Yay to ensure that the angle recorded reflects that of the underlying bones is to use x

ray technology, ho\Yever, this is impractical as most researchers or clinicians do not have access 

to this type of equipment. 

In the current study, in order to investigate any changes in joint motion during repeat assessments 

and to correctly interpret the findings, it was essential to undertake a reliability study to be 

assured that both the measurement tool and protocol were valid and reliable, and to obtain an 

indication as to the magnitude of disagreement between the measurements (reported in the 

section 2.3). 

1.7.3 Balance performance 

A number of studies have reported changes in the musculoskeletal system in many older adults, 

with lower extremity force generation, important for balance control being reduced. In addition, 

many older adults show a decreased range of motion of the ankle, knee and hip joints. This 

limited range of motion can lead to reduced ability to recover from threats to balance 

(W oollacott, 2001). The ability to maintain balance is a vital integrated neuromuscular process 

necessary for the prevention of falls. Whilst the pathophysiology of balance is multifactorial, 

many of the attendent risk factors (e.g. decreased vision) manifest themselves through an increase 

in postural instability whilst standing still and during walking (Lichtenstein et aI., 1990). The 

profound medical and social impact of postural instability has led to a great deal of research in 

this field and to the development of several clinical and laboratory methods of assessment. 

Functional tests have been adapted to enable clinicians to assess patients' ability to balance and 

to monitor rehabilitation. The majority of these tests have been developed for a particular type 

of patient population (e.g: frail elderly, stroke patients), and are usually performance rated on a 

set of motor tasks (on a three to five point scale), or use a stop watch to time how long the subject 
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can maintain balance. The advantages of functional tests are the ease of administration, their low 

cost, and the directly interpretable functional relevance. A commonly used functional balance 

assessment tool is the Tinetti mobility index, designed and validated to predict the risk of falls in 

elderly persons through an activity based balance and gait test (Tinetti et aI., 1986). In a 

comparative study between the Tinetti mobility index and a posturography test, Topper et al. 

1993 reported the mobility index to have good inter-rater reliability and good sensitivity. Another 

popular tool is the Berg functional balance scale, also designed to predict falls in elderly persons 

(Berg et aI., 1992). Whilst many of the tasks are similar to those included in the Tinetti mobility 

index. and indeed there is high inter-rater reliability (Berg et aI., 1992), the Berg test has shown 

poor sensitivity (Bogle-Thorbahn and Newton, 1996). Furthermore it does not assess 

performance under conditions of altered sensory context (Horak, 1997). 

Functional balance tests have been shown to correlate with biomechanical platform measures of 

static balance (Karlsson and Frykberg, 2000; Lichtenstein et aI., 1990). However, laboratory 

measures of balance may offer greater precision, as they are less dependent on observer 

variability, and have the potential to detect subtle or subclinical balance impairments (Benvenuti 

et aI., 1999). Many researchers have evaluated postural stability through the use of force 

platforms (Blaszczyk et aI., 2000; Hasan et aI., 1996a; Karlsson and Frykberg, 2000; Panzer et 

aI., 1995; Topper et aI., 1993). A force platform (also called a force plate) is used to measure the 

force exerted on it by an individual. There are various types of commercial force plates, most of 

which use either strain gauge or piezoelectric transducers. The most widely used force platform 

in sports biomechanics is the Kistler, which is a piezoelectric platform (Bartlett, 1997). 

Piezoelectric platforms are limited to measurements of a few minutes, after which drift at the 

output of the charge amplifier becomes significant. However, they have a higher rigidity and a 

higher frequency response to force-changes, typically two to four times higher than strain gauge 

based platforms (De Weerdt and Spaepen, 1999). The output of a force platform includes the 

force in the vertical, medial-lateral and anterior-posterior directions. The magnitude and 

direction of the resultant force vector can be determined, as well as the point of force application, 

or (in the case of distributed loads) the centre of pressure (Schmiedmayer and Kastner, 1999). 

During quiet standing, variability in both the ground reaction forces beneath the feet and the 

centre of pressure of those forces has been used to assess postural stability. The most common 

procedure to assess balance is the calculation of the centre of pressure. This value is a 

displacement measure and is the location of the vertical ground reaction vector. The centre of 

pressure is described as the neuromuscular response to imbalances of the body's centre of gravity 

(Winter, 1990). The centre of pressure moves in response to the motion of the centre of gravity 

correcting sway. Therefore the motion of the centre of pressure must be greater than that of the 

centre of gravity, in order to keep the centre of gravity within the base of support (Murray et aI., 

1967). Centre of pressure measurements have been shown to be reliable in test retest results 
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with reliability coefficients of 0.81 (medial-lateral) and 0.86 (anterior-posterior) (LeClair and 

Riac h, 1996). 

The ad\'antages of using the centre of pressure are that it is directly measured, easily quantified 

and sensiti\'e to conditions that impair balance. Additionally, centre of pressure displacement 

measurements from force platforms during quiet stance have been shown to predict future risk of 

falling (Stel et a1., 2003) even in those with no recent history of falling (Maki et aI., 1994). 

Various centre of pressure (CoP) parameters have been used to quantify balance performance 

including: 

• 

• 
• 
• 
• 
• 
• 

the range of CoP displacement (maximum distance between any two points on the CoP 

path) (Blaszczyk et aI., 2000; Hasselkus and Shambes, 1975; Maki et aI., 1990) 

the standard deviation of the CoP about the mean position (LeClair and Raich, 1996) 

the root mean square distance from the mean (Maki et aI., 1990) 

a\'erage distance from the mean CoP (Maki et aI., 1994) 

mean \'elocity of the CoP (Era et aI., 1997; Era et aI., 2002; Thapa et aI., 1996) 

the total excursions of the CoP (total distance travelled by the CoP) (Era et aI., 1997) 

frequency domain measures (Carpenter et aI., 2001; Hasan et aI., 1996) 

In studies of young healthy subjects whose balance was challenged during quiet unperturbed 

stance with eyes closed and single limb stance (Hasan et aI., 1996a), or the tandem stance 

(LeClair and Riach, 1996), the centre of pressure amplitude increased significantly in both the 

anterior-posterior and medial-lateral directions. Furthermore, Panzer (1995) reported an increase 

in amplitude of each co-ordinate of the centre of pressure with age whilst comparing the stability 

of two age groups, 12 young subjects (aged 21-57, mean 38.4 years) and 12 older subjects (aged 

63-77, mean 68.1 years). As the subjects had a freely chosen foot position, it is unknown whether 

the increase in amplitude of the centre of pressure within the older group necessarily indicates a 

loss of balance, or whether it was just retaining the centre of gravity within the larger base of 

support stance. Other studies have reported that children have similar centre of pressure 

amplitudes to elderly people (Winter, 1995a), but this may relate to the fact that children 

generally have a wider base of support during standing. 

Maki and McIlroy (1996) infer that if the task does not challenge the subject's postural ability 

during unperturbed stance tests, there is the possibility that the subject will adopt a 'sloppy' 

control strategy that does not reflect their true capabilities. The observations from a study 

assessing postural control with differing levels of postural threats in healthy young adults (Adkin 

et aI., 2000), suggested that the central nervous system adopted tighter control of posture under 

conditions of increased postural threat, and that the control was precisely scaled to the level of 

postural threat. When comparing balance performance between a young and an elderly group, 
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Wolfson et al. (1992) found that the difference between the groups was relatively modest until 

balance was stressed with limited or misleading sensory input or with a platform perturbation. 

Therefore, when evaluating an individual's ability to maintain balance during unperturbed stance, 

it is advisable to incorporate some sort of challenge within the test, such as altered sensory 

conditions. As vision plays a central role towards postural control the majority of stability tests 

incorporate a task whereby the subject has limited or no vision (blindfolded or having eyes 

closed). Research has shown that subjects are more stable with than without vision (Blaszczyk 

et al., 2000~ Nougier et al., 1997). 

Specific foot positioning during bipedal stance has been shown to influence an individual's 

balance performance therefore the position of the feet should be controlled to avoid errors, 

particularly with repeated measurements (Kirby et al., 1987). It could be argued that the 

standard Romberg test, as used in clinical testing, which requires that the feet be placed together 

(side by side) would be most suitable when measuring bipedal balance performance in able 

bodied individuals. This position would automatically introduce a challenging element, limiting 

stability by having the feet together and encouraging individuals to adopt tighter postural control. 

In addition to standardising the foot position, the subject's upper limb position should also be 

controlled to prevent arms waving during the trial, as this may influence balance performance. 

To limit the use of upper limbs during trials, subjects are often instructed to stand with either 

their upper limbs by their sides, or their hands on their hips during the trial. 

Some studies have made the balance test more challenging by asking subjects to perform single 

limb stance on their dominant limb (Goldie et al., 1989; Hasan et al., 1996b), or bilaterally 

(Wiksten et al., 1996). However, caution must be undertaken when selecting balance tasks for a 

particular subject population. Trials requiring elderly subjects to perform a timed single limb 

stance found that many subjects were unable to maintain balance on one foot long enough to 

obtain a reliable measurement (Goldie et al., 1989; Spirduso, 1995). Furthermore, balance 

performance when required to stand on one limb may be strongly influenced by a fear of falling 

whilst undertaking the task, rather than an impaired ability, particularly for those who have a 

history of falling (Maki and McIlroy, 1996). When interpreting data from a balance trial it is 

important to have some knowledge of a subject's previous history, particularly regarding any 

lower limb musculoskeletal injuries, as this may affect balance performance. A recent study 

assessing the effect of previous unilateral lower limb musculoskeletal injury on balance of 

subjects (injured 6 months to 42 years earlier), found in 65% of subjects, balance in the injured 

limb remained impaired and did not return to that of the uninjured limb (Holder-Powell and 

Rutherford, 2000). 
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The duration of stability trials is important, particularly considering reliability and validity of the 

measurements. Le Clair and Riach (1996) studied the effect of test duration on postural sway in 

25 healthy young subjects. From five tests of differing duration (10, 20,30,45 and 60 seconds), 

they found 10 seconds to be least reliable, with optimum test retest reliability at 20 and 30 second 

trial durations. The task of standing on one leg for an unlimited duration requires muscular 

strength and endurance in addition to neuromuscular co-ordination, a long trial could lead to 

fatiguing and disadvantage weaker subjects. 

1.7..t Ph~'sical Activity Levels 

\Vhilst habitual physical activity has been shown to postpone symptoms of ageing by maintaining 

n1uscle and optimising the range of motion of joints, ageing is generally associated with 

decreased levels of physical activity. Findings from numerous studies have shown the relative 

importance of the lack of physical activity not only as a risk factor for disease, but also as the 

cause of incapacity and loss of functional ability (Norgan, 1992). Whilst several of the 

physiological parameters affected by ageing and physical inactivity such as lower extremity 

\veakness, reduced ankle range of motion and reduced flexibility have been shown to be related 

to the incidence of falling (Maki and McIlroy, 1997; Ringsberg et aI., 1999), habitual physical 

activity has been shown to be an effective strategy to reduce falls by maintaining muscular 

strength and flexibility (Campbell et aI., 1997; Skelton and Dinan, 1999). Therefore in the 

current study, investigating whether retirement influenced the nonnal age related change in lower 

limb strength, joint motion and balance perfonnance, it was necessary to measure habitual 

physical activity levels at baseline (pre-retirement) and repeated at 6 and 12 months. 

There are a variety of assessment tools used to measure physical activity including direct and 

indirect calorimetry, self reports and questionnaires, physiological markers, behavioural 

observations, mechanical monitors and dietary surveys. Within each study the choice of 

assessment tool will depend on the subject group and research objectives. Generally most 

assessment tools focus on the amount of energy expended (Kriska and Caspersen, 1997). The 

tool considered gold standard in assessing physical activity in real life situations is the doubly 

labelled water technique which provides an integrated measure of energy expenditure over time. 

In this method, the subject ingests a known amount of water labelled with two isotopes 

(deuterium and oxygen 18). The deuterium diffuses throughout the body's water, and the oxygen 

18 diffuses throughout both the water and bicarbonate stores. The rate at which the two isotopes 

leave the body is detennined by analysing samples of urine, saliva or blood. The turnover rates 

are then calculated to assess how much carbon dioxide has been produced, and the value 

converted to energy expenditure using calorimetric equations (McArdle et aI., 1996). This non-
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invasive technique has an accuracy of 1-3%) (Montoye et a1., 1996). The disadvantage is that it is 

extremely expensive and therefore not often used in studies involving large populations. Starling 

et al. (1998) found that the doubly labelled water technique and indirect calorimetry data can 

objectively quantify physical activity energy expenditure in free living elderly people (99 

subjects, aged 56-90 years). This large scale study aimed to predict the daily total energy 

expenditure from various anthropometric, physiological and physical activity indexes. The study 

found a low correlation (r = 0.21) between physical activity energy expenditure and the 

Minnesota Leisure Time Activity Survey (total activity score expressed as kilocalories) this 

demonstrates that this structured questionnaire does not accurately reflect physical activity 

energy expenditure in elderly persons. 

In epidemiologic research an activity questionnaire is widely used to assess physical activity, 

,,"hereby a numerical score is derived from the subjects' objective responses to a questionnaire. 

This method is both inexpensive and feasible for large groups. There are a vast array of 

questionnaires in this field, of varying complexity, reliability and validity, which are mainly 

developed for younger populations. To assess physical activity among older adults, the 

questionnaires need to be sensitive enough to accurately represent the true range of activity. For 

the retired population, leisure time activities with reduced energy expenditure, such as household 

tasks and walking, become more important as only a small percentage of the older population 

participate in strenuous activities (Blair et a1., 1995). Household chores need to be included in 

the study, as Ainsworth et a1. (1993) found that self-reported physical activity was 

underestimated in females when household chores were not included in the survey. Generally, 

with ageing, people perform leisure and sporting activities at lower intensities than younger 

subjects. Problems may arise if the physical activity data collected from an elderly population 

via questionnaires is converted into energy expenditure values, rather than using an activity 

score, as most published data on the energy cost of activities is based on testing young adults, 

where there are higher energy costs (Montoye et a1., 1996). 

The Baecke questionnaire, a validated physical activity questionnaire designed for measurement 

of physical activity in epidemiological studies (Baecke et aI., 1982) comprises three components 

to assess habitual levels of physical activity: work, sport and leisure. Test retest reliability of the 

questionnaire was carried out with 309 Dutch subjects (aged 19-31), with repeat measurements 

after 3 months. Each component of the questionnaire was assessed independently as the 

questionnaire scores for the indices are not totalled; reliability values for the work index, sport 

index and leisure time index were 0.88, 0.81 and 0.74, respectively. The advantage of this 

questionnaire, is that as each aspect of physical activity (work, sport and leisure) has been 

validated independently, one can either use the whole questionnaire or just a particular index. 

54 



In an attempt to assess habitual physical activity in an older population, Voorrips et al. (1991) 

designed an interview questionnaire, based on the activity questionnaire by Baecke et al. (1982), 

to enable discrimination between physically active and inactive healthy, independently living 

elderly people. This modified version of the Baecke questionnaire includes household, sporting 

and leisure activities, which results in an activity score thus allowing subjects to be classified into 

categories of high, medium and low physical activity. The modified version is an interview 

questionnaire with a reference period of one year, which takes approximately fifteen minutes to 

complete. Voorrips et al. (1991) assessed the reliability of the adapted questionnaire by a test 

retest design, using 29 subjects (12 males and 17 females). The questionnaire was administered 

twice by the same person, with an interval of 20 days. Test effects were tested by using the 

paired Student's l - test. Spearman's rank order correlation coefficient was calculated between 

the first and second interview (0.89), and participants were classified into tertiles of activity 

score, and bet\yeen class Kendall's tau-b correlation coefficients were calculated (0.74). To 

assess the relati\'e validity, the questionnaire activity scores of 31 participants (14 males and 17 

females) were compared with the results of a repeated 24 hour activity recall and a pedometer 

score. The 2-.+ hour recall was performed on two weekdays and one weekend in a 3-week period, 

with activities recorded in periods of 10 minutes. The score was presented as the mean net 

energetic cost per day. The pedometer score was obtained over three consecutive days (two 

weekdays and one weekend), and presented as the mean number of counts per day. Spearman's 

rank order correlation coefficient was calculated between the questionnaire and two reference 

methods (0.78 and 0.72 for the physical activity recall and pedometer), indicating reasonable 

relative validity. 

The Yale Physical Activity Survey (YP AS), also an interview administered questionnaire 

specifically designed for elderly people, was evaluated for repeatability and relative validity by 

Dipetro et al. (1993). The YPAS comprises questions on work, exercise and recreational 

activities during a typical week in the past month and is expressed in hours per week. Energy 

expenditure is then estimated as kcal.wk l
, from the activity intensity and duration. Sixty eight 

persons (12 males and 56 females) comprised the repeatability substudy population. The subjects 

were interviewed with the yP AS twice by the same interviewer with a 14-day interval. The 

Pearson product moment correlation coefficient used to assess reliability between the two survey 

administrations ranged from 0.42 to 0.65. Various physiological variables were used to assess 

validity on 25 subjects. These included estimated maximum oxygen consumption on a treadmill, 

resting heart rate, resting blood pressure (systolic and diastolic), body mass index, and waist 

mounted Caltrac motion sensor (counted for 2.5 days). The result of the YPAS weakly correlated 

with some of the physiological variables (0.42 - 0.65), showing poor validity. In retrospect the 

author acknowledges that more appropriate validation tools should have been selected to better 

establish internal validity, such as self reported diaries and pedometers. In fact, since the yP AS 
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calculated energy expenditure from data collected, perhaps the authors should have recorded the 

Caltrac accelerometer values in kilocalories over a period of 3 days (including 1 weekend) rather 

than in movement counts over 2.5 days to assess validity. Test retest comparisons of the Caltrac 

report that to estimate for all seven days of the week, 3 days of recording is necessary (Montoye 

et al., 1996). Furthermore, the yP AS asks questions relating to the subject's activities during a 

typical week in the previous month, as well as current participation in activities, which may not 

give a true reflection of the subject's habitual physical activity due to its limited time frame not 

taking into account seasonal variation. A study by Uitenbroek (1993) reported seasonal variation 

in physical acti\"ity patterns amongst 7202 males and 9284 females between January 1989 and 

March 1992. 

\Vhile the assessment of energy expenditure using accelerometers has shown to be adequate 

(Pambianco et al., 1990; Uitenbroek, 1993), the major limitation of accelerometers is that they do 

not respond to isometric forms of exercise and activities (where the body weight is supported) 

and have low sensitivity to sedentary activities. 

Other methods used to assess physical activity such as observation or diary records are not 

considered appropriate in this instance. Observation is time consuming and does not necessarily 

reflect habitual physical activity. The diary method is inexpensive, as subjects record their own 

activities periodically. However, this method relies on a large effort by the subjects to log their 

activities, and this may not be reliable in obtaining accurate data as subjects may forget or fail to 

enter activities correctly. An alternative objective assessment tool would be to use a portable 

heart rate monitor to assess day time physical activity levels, subtracting the resting heart rate 

from the recorded heart rate. Due to heart rate variability, Montoye et al. (1996) suggest that at 

least six days of recording, spread out over the year, would be needed to reach the level of 

reliability for a heart rate index (activity heart rate). This may affect subject acceptability to this 

method, particularly for an elderly subject group. 

The rationale for evaluating physical activity is to classify subjects by their habitual physical 

activity levels. For the present study an assessment tool was required that could accurately rank 

subjects according to their activity level, not necessarily by measures of energy expenditure. In a 

summary evaluation of various field methods to assess habitual physical activity and/or energy 

expenditure, Montoye et al. (1996) suggested that for subjects aged over 20, the 

questionnairelinterview method was deemed appropriate as it had high reproducibility, fair 

validity, and was not in itself likely to influence subject's behaviour. Kriska and Caspersen 

(1997) report that the estimates obtained by an activity questionnaire are valuable in relative 

terms and can be used to rank individuals or groups of subjects within a population from the least 

to the most active. 
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With an elderly population it is more difficult to assess habitual physical activity as generally the 

n10st active pursuits are walking and household tasks. Therefore the assessment tool must be 

sensitive to such low intensity activities. It should also have an appropriate time frame to assess 

habitual activity. It is not necessary to record physical activity throughout an individuals lifespan 

as it is \Yell documented that the benefits of physical activity are not retained unless an individual 

ren1ains active. However, to allow for seasonal variation in activity levels, there should be a 

reference period of one year. 

S 11111111 ary 

The literature has shown that due to the normal ageing process there is a gradual decline in 

physical performance starting as early as 30 years of age. Additionally, ageing is generally 

associated with a reduction in habitual levels of physical activity. It is understood that a change 

in physical activity levels at almost any chronological age can have either a positive or negative 

effect on numerous physiological parameters, including those related to falling in later life: lower 

limb strength, joint motion and balance performance. Retiring from full time employment offers 

profound change in an individual's life and lifestyle, with the opportunity to substantially 

increase or decrease physical activity levels. Currently it is not known whether retirement 

significantly influences the rate of change of lower limb strength, joint motion or balance 

performance, therefore it is also not known if there is the need for specific health promotional 

advice at this time regarding lifestyle changes. Whilst there has been a vast array of research into 

the decline in physical performance with ageing, no studies have been identified which have 

investigated whether the actual process of retirement induces a change in some of the key 

physiological parameters related to falling in later life. Therefore the aim of this study was to see 

if the sudden/abrupt lifestyle changes at retirement impacted on the slow physical decline seen 

with ageing. 

Aims 

There were three specific aims that this research proj ect addressed: 

1 To obtain baseline measurements (pre-retirement) of lower limb strength, balance 

performance, joint range of motion and physical activity levels and to investigate 

whether there are any significant differences between the retirement group and the 

control group for each of the measurement variables. 
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2 To investigate whether lifestyle changes at retirement affect lower limb strength, 

balance performance, joint range of motion and physical activity levels over a 12 

month period. In order to do this, a statistical test was used to investigate whether 

the time of visit (baseline, 6 months or 12 months) influenced the selected 

measurement variable differently between the retirement group and the control 

group. 

3 To assess the possible implications in terms of health promotion guidelines. 

Thesis layout 

The subsequent chapter (chapter 2) provides details of the extensive pilot and reliability studies 

undertaken to assess the effectiveness of measures to assess balance performance, lower limb 

strength and joint range of motion, providing details of the measurement protocols undertaken, as 

well as reporting on the test re-test reliability. 

Chapter 3 describes the recruitment and selection process for the longitudinal study, providing 

details of the participants. Full details of the assessment methodology are reported, together with 

details of the statistical analysis undertaken. 

The initial findings of the longitudinal study are reported in Chapter 4. This chapter reports on 

the baseline data obtained from anthropometric measurements, assessments of balance 

performance, lower limb strength, joint motion and physical activity levels in all participants. 

Statistical analysis of the data is used to investigate any initial differences between the retirement 

group and the control group. Further analysis is used to investigate any gender differences. 

Finally differences between males in the retirement group and males in the control group; and 

between females in the retirement group and females in the control group are reported. 

Chapter 5 reports on the results of the data analysis from all 3 assessments (baseline, 6 months 

and 12 months). In the same format as chapter 5, statistical analysis of the data is used to 

investigate any differences in measurements between the groups during the period of the study. 

Finally Chapter 6 discusses the results of this longitudinal study, comparing the findings with 

published research findings, and discusses the relationships found between the variables. Details 

of the methodological limitations of the study are reported. Thoughts regarding the need for 

health promotional advice pre-retirement are discussed, as well as suggestions for future work. 
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2. RELIABILITY STUDIES 

Overview 

In order to measure the effect of retirement on certain physiological parameters related to falling, 

it was first necessary to be assured that the proposed measurement tools were reliable and that the 

measurements were valid. The longitudinal study involved repeat measurements of the following 

,"aIiables: 

• balance performance assessed during quiet standing 

• peak torque of the knee extensor/flexor muscle groups 

• lower limb joint range of motion 

• physical activity levels (at work and within the home, leisure and sports) 

Reliability studies were undertaken for each of the variables to ensure the methodological 

protocols used were reliable and accurate methods of assessment. F or ease of exposition, a 

structured diagram illustrating the preliminary work undertaken for each measurement is 

displayed below. Ethical approval from the University of Brighton Research Ethics Committee 

for the whole study was gained prior to data collection (see appendix A). 

Measurement 
Variable 

I 
I I I I 

Balance Performance Peak Torque ROM Activity questionnaire 

I I I I 
Calibration of Calibration of Calibration of Pilot study 

force plate Isokinetic electrogoniometers 
dynamometer 

I I I 
Pilot study Reliability study Sensor attachment 

I I 
Reliability study Pilot study 

I 
Reliability study 

Figure 2.1 Structured diagram displaying order of preliminary work undertaken 
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2.1. Balance performance reliability studies 

2.1.1 Introduction 

Numerous cross sectional studies have measured balance as a function of age and reported 

diminished functional balance capabilities in healthy older individuals demonstrated by increased 

sway, and diminished one leg standing time. Of all the published literature assessing balance 

performance there are very few identical studies; using the same measurement tool, measurement 

paran1eter, balance task, stance position and duration of task. Through the use of force platforms 

various centre of pressure (CoP) parameters have been used to quantify balance performance. 

This reliability study assessed balance performance during quiet standing using the range of CoP 

displacement as used in previous studies within participants of similar age groups (Blaszczyk et 

a1., 2000; Maki et a1., 1990), and the standard deviation of the CoP about the mean position 

(LeClair and Riach, 1996). The frequency domain data was also analysed and evaluated. 

2.1.2 Equipment 

A Kistler force plate type 9281B 11 (Kistler Instruments Ltd., Winterthur, Switzerland) and a 

Kistler 9851 charge amplifier were used for these measurements. This was linked via a 16-bit 

analogue to digital converter to an mM compatible PC loaded with BioWare (version 3) data 

collection and analysis software. 

Prior to the reliability study, calibration checks were carried out on the equipment using a series 

of certified weights (FJ Thornton, Wolverhampton, UK), totalling 75 kg (3 x 25 kg) to represent 

the average body weight of an adult male. The weights were placed in the centre of the force 

plate, on top of each other. The vertical force (Fz) was recorded at a sampling frequency of 70 

Hz for a period of 30 seconds. During this period the 25 kg weights were removed. The vertical 

force was recorded at the end of the 30 seconds when all weights were removed (recommended 

via the manufacturer). The expected maximal vertical force would be 75 kg x 9.81 (gravity) = 

735.75 Newtons. Table 2.1 displays the maximal vertical forces recorded (average of five trials 

per session). The minimal measurement errors obtained (-1 N) were within the range reported 

by the system's manufacturer. 
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Table 2.1 The vertical force (Newtons) recorded from a known weight 
(75 kg = 735.75 N) on different occasions 

Day Time Recorded Fz (N) Difference (N) 
One 0900 734.8 -0.95 
One 1300 734.7 -1.05 
One 1800 736 0.25 
Two 1500 735.3 -0.45 
Three 1600 735.5 -0.25 
Four 1800 734.7 -1.05 

2.1.3 Preliminary Pilot Study 

A small pilot study was undertaken with a group of volunteers (four males, one female) who 

were retired from the University of Brighton or within six months of retirement (aged 64-68). 

The aim of this pilot study was to investigate the range of balance abilities of the particular age 

group and to see how they coped with several balance tasks. In the published research on 

assessing balance perfonnance, a variety of positions have been used such as feet together, feet 

shoulder width apart, tandem stance, and single leg stances all with either eyes open and/or eyes 

closed. Those that would moderately challenge postural stability levels were chosen for the pilot. 

After a brief period of familiarisation each participant undertook a simple balance test. The test 

included assessment of quiet standing on the force plate for a maximum of 30 seconds in 

different positions. The positions were: 

• feet together eyes open 

• feet together eyes closed 

• tandem stance (heel to toe) with right foot first (eyes open) 

• tandem stance with left foot first (eyes open) 

• single limb stance right leg (eyes open) 

• single limb stance left leg (eyes open). 

The participants were barefoot and were instructed to stand with their anns resting by their sides, 

with their eyes focused on an eye level target approximately five metres away. Each participant 

attempted all tasks three times. All participants were able to perfonn the stance condition with 

feet together eyes open, feet together eyes closed, and single limb stance on the left limb for a 

period of 30 seconds. However, only four out of five participants were able to perform single 

limb stance tests on the right limb for a similar period. During both single limb stance conditions 

four out of five participants used their anns to aid balance during the trials. F or the tandem 

(heel to toe) stance, four out of five participants had difficulty correctly aligning their feet on the 

force plate. Once in the correct tandem position, all participants used their anns during the trials 

to aid balance. Table 2.2 shows the range of CoP displacement values for the group 
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Table 2.2 Pilot group range of CoP displacement values for each balance task. 
Mean and standard deviation. 

Range of CoP 
Stance Plane displacement (mm) 

Mean (SD) 

I Feet together eyes open 
M-L 25.6 (4.8) 
A-P 23.8 (5.0) 

Feet together eyes closed 
M-L 32.2 (5.8) 
A-P 29.4 (5.7) 

: M-L 37.6 (6.7) 
: Tandem stance * 

A-P 40.0 (8.3) 
I 
I M-L 35.7 (7.1) 
I Single limb stance 

A-P 53.1 (8.5) 

* Four out offin~ participants failed to correctly align their feet (heel to toe) whilst 
performing this task 

Valuable insight was gained from this small pilot study as to what balance tasks may be feasible 

for a generally healthy retired population to undertake. As the majority of the participants had 

difficulty correctly aligning their feet for the tandem stance, this task was not used again. As all 

participants were able to perform at least one single limb stance for a minimum of 30 seconds, 

this task was used in the next study. 

After completion of the calibration trials, and assessment of what might be reasonable balance 

tests to undertake, the main reliability study commenced. The aim of this experiment was to 

assess the reliability (repeatability) of using the force plate and software, with the same operator, 

to measure individual's centre of pressure displacement on different attendances. 

2.1.4 Participants 

A population of 20 participants (6 males and 14 females) was recruited from staff at the 

University of Brighton. All participants were aged between 23 and 59, and had no known 

pathologies that would affect their balance performance. 

2.1.5 Method 

Following a period of familiarisation, all participants undertook a simple balance test. This 

included assessment of quiet standing for a maximum of thirty seconds under four conditions: 

• feet together eyes open 

• feet together eyes closed 
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• 
• 

left limb tance, eyes open 

right limb stance, eyes open 

The e ta k were perfonned following a strict protocol, on three different attendances. At each 

vi it, participants undertook three trials of each condition, the order of all twelve trials was 

randomised. Participants stood: 

• 

• 
• 
• 
• 

• 

barefoot (to ensure consistency at repeat assessments and to allow comparison of the 

findings with other studies) 

centrally aligned on the force plate 

\ ith their anns at their sides 

head in a nonnal forward-facing position (see figure 2.2) 

eye focused on a stationary eye level target located approximately 5 m away (to restrict 

upper body movement and to aid concentration) 

seated rest was provided between each trial (approximately 1 minute) to minimize the 

effects of fatigue 

Eye level target 

Figure 2.2 Participant standing on the force platform, arms by sides, looking ahead at the 
eye level target 

Centre of pressure data in both the anterior-posterior (A-P) and medial-lateral (M-L) planes were 

collected (with a sampling frequency of 70 Hz) for a period of 30 seconds. 

To maintain similar positions for all balance measurements, the participants were instructed to 

align their feet with markers on the force platform, placing their feet centrally on the plate. 

Masking tape was placed along the M-L and A-P planes of the force plate (see figure 2.3). For 

the feet together eyes closed condition, the participants were instructed to inform the operator just 

before they closed their eyes. For the single limb stance conditions the participants were 

informed that the limb off the plate was not to be in contact with the limb remaining on the plate 

during the trial. The trial commenced when the participant raised the non-standing foot off the 
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force plate (figure 2.4). If the participant touched the non-supporting foot down during the trial, 

then thi was classified as a failure. 

Figure 2.3 Feet together position 

Figure 2.4 Single limb stance position 

Data \ as analysed in both the time domain and the frequency domain. The time domain 

parameters included the range of CoP displacement and the standard deviation of the CoP about 

the mean position. The frequency domain parameters included power and mean power frequency 

(Hz). A comparison was made between the two methods of analysing centre of pressure 

displacement data to assess balance performance. The results of this analysis are attached in 

appendix B (Bryant et aI., 2001). To assess the relationship between time and frequency domain 

analysis, Pearson's correlation coefficient was used. It was concluded that the frequency domain 

parameters did not offer any additional information to that provided by the time domain 

variables. Therefore the main study data would be analysed in the time domain. 

Using all trials (9 per participant for each condition), the data were checked for normality using 

the Anderson-Darling test in the Minitab (vI3.1) statistical package. To normalise the 

distribution of the CoP data, logarithmic transformations were performed using Minitab (vI3.1). 

The data was then averaged for each balance task for each visit. 

2.1.6 Results 

The CoP represents a weighted average of all the pressures over the surface area in contact with 

the ground (Winter, 1995a). When both feet are in contact with the force plate, the net CoP lies 

somewhere between the two feet, depending on the relative weight taken by each foot. An 

example of a centre of pressure plot during standing (feet together, eyes open) is provided in 

figure 2.5. Centre of pressure displacement in both the medial-lateral and anterior-posterior 

plane will vary depending on stance position. In normal subjects the amplitude of CoP 
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displacement is higher when subjects stand with their eyes closed, or when standing on one leg 

(eyes open or closed), as seen in table 2.3. 

F ' J -Igure _,) 

-15 

·10 

-15 

Plot showing a typical CoP trace during quiet standing (feet together, eyes open), 
showing the CoP displacement (mm) in both the medial-lateral and anterior
posterior planes 

The descriptive statistics of the time domain analysis illustrate that as the postural task becomes 

more challenging, the values of the range of CoP displacement and the standard deviation of the 

CoP about the mean position increase. 

Table 2.3 

Stance Plane 

FTEO M-L 

A-P 

FTEC M-L 

A-P 

LEFT M-L 

A-P 

RIGHT M-L 

A-P 

The range of CoP displacement and the standard deviation of CoP from the mean 
position for each balance task, reliability study data. FTEO = feet together eyes 
open. FTEC = feet together eyes closed. LEFT = single limb stance on the left 
limb. RIGHT = single limb stance on the right limb. 

Visit 1 Visit 2 Visit 3 
CoP Displacement Mean (SD) Mean (SD) Mean (SD) 

mm mm mm 
SD mean position 4.8 (1.2) 4.8 (1.4) 4.8 (1.3) 
Range 25.0 (5.2) 25.6 (6.3) 25.4 (6.3) 
SD mean position 5.4 (1.8) 4.9 (1.4) 5.1 (1.4) 
Range 25.5 (8.2) 24.4 (5.9) 25.6 (6.8) 
SD mean position 5.8 (1.7) 6.2 (1.7) 6.2 (1.9) 
Range 31.4 (8.3) 35.2 (9.3) 33.9 (10.7) 
SD mean position 5.9 (1.7) 5.6 (1.4) 6.1 (1.8) 
Range 31.2 (9.1) 29.8 (7.3) 31.6 (7.4) 
SD mean position 6.4 (1.0) 6.6 (1.7) 6.4 (0.9) 
Range 33.2 (4.3) 33.5 (8.7) 32.5 (3.5) 
SD mean position 7.6 (1.2) 7.5 (1.6) 7.4 (1.5) 
Range 42.1 (7.8) 41.9 (12.8) 41.2 (9.3) 
SD mean position 6.3 (0.7) 6.3 (0.6) 6.4 (1) 
Range 32.3 (3.9) 32.0 (2.8) 32.4 (3.8) 
SD mean position 7.8 (1.4) 7.5 (1.7) 7.4 (1.1) 
Range 43.4 (7.5) 40.7 (6.6) 39.5 (6.0) 
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Reliabilit1' 

In this study, the reliability was calculated using intra-class correlation coefficients (ICC) to 

assess the day to day repeatability (using the SPSS statistical package vl0). The ICC equation 

used for intra-class reliability of repeated measurements (ICC 1,3) is equivalent to the intra-rater 

reliability equation (1,k) described by Shrout and Fleiss (1979), where k represents the number of 

measurements rather than the rater (Rankin and Stokes, 1998). The standard error of 

measurement (SEM) was also calculated to give an indication of the magnitude of disagreement 

between the measurements (Bland, 2000), reported in table 2.5. 

There is no standard acceptable level of reliability using the ICC but it ranges from 0 to 1, with 

values closer to one representing greater reliability. However, often quoted are the reliability 

classifications devised from Kappa tests by Landis and Koch (1977), which are described as 

arbitrary, but are useful benchmarks for reliability ratings. These are listed in table 2.4. 

Table 2.-+ Intraclass Correlation Coefficient Reliability classifications 

Kappa Agreement 
0.21 to 0.40 Fair 
0.41 to 0.60 Moderate 
0.61 to 0.80 Substantial 
0.81 to 1 N ear perfect 

Table 2.5 Time domain CoP reliability data. 

ICC (1,3) ICC (1,3) SEM Stance Plane CoP Displacement ICC (1,3) 
Upper limit Lower limit (mm) 

I FTEO M-L SD mean position 
I 

0.93 0.97 0.85 1.2 

i 
Range 0.91 0.96 0.81 1.2 

0.80 1.5 A-P SD mean position 0.90 0.96 
I 

i Range 0.92 0.96 0.83 1.3 
FTEC M-L SD mean position 0.93 0.97 0.86 1.3 

Range 0.91 0.96 0.82 1.4 
A-P SD mean position 0.92 0.97 0.84 1.4 

Range 0.92 0.97 0.83 1.3 

LEFT M-L SD mean position 0.77 0.91 0.49 1.2 
I Range 0.68 0.87 0.31 1.2 

A-P SD mean position 0.83 0.93 0.63 1.1 

Range 0.75 0.90 0.46 1.4 

RIGHT M-L SD mean position 0.72 0.89 0.39 0.9 

Range 0.63 0.85 0.20 0.9 
A-P SD mean position 0.81 0.92 0.59 1.1 

Range 0.85 0.94 0.68 0.9 

66 



2.1.7 Sunlmary of results 

The intra-class correlation coefficient (ICC) values for the balance tasks FTEO and FTEC were 

high with ICC's> 0.90, which suggest near perfect levels of reliability for day to day 

measurements (Landis and Koch, 1977). Whilst the ICC values obtained for the single limb 

stance trials are substantial (ranging from 0.63 to 0.85), the lower limit ICC values are only fair 

(ranging 0.20 to 0.68). 

2.1.8 Conclusion 

i\10vements of Centre of Pressure during quiet standing may be influenced by internal dynamics 

associated with the respiratory or cardiovascular systems (Prieto et aI., 1993). Whilst one would 

expect to see a certain amount of variation between balance trials, perhaps due to biological 

factors such as mental or physical state, the reliability values found here were good. Difference 

in postural control between trials may result from changes in arousal levels. This reliability study 

has shown that the methodology used provided an acceptable, reliable method of assessing 

balance performance using both the range of CoP displacement and the standard deviation of CoP 

about the mean position for the selected balance tasks. This agrees with work by LeClair and 

Riach (1996). As it may be easier for practitioners to conceptualise the range of CoP 

displacement during balance tasks, as opposed to the standard deviation of the CoP about the 

mean position, it was decided that only the range of CoP displacement be analysed in the 

longitudinal study. This measurement parameter has been used in previous studies investigating 

balance performance in similar age groups. 

2.2 Peak torque of the knee extensorslflexors reliability study 

2.2.1 Introduction 

Isokinetic dynamometry has been a common method of measuring skeletal muscle performance 

in age-related studies. Isokinetic devices allow individuals to exert as much force and angular 

movement as they can up to a predetermined velocity, providing a rapid and reliable 

quantification of force or torque. Torque is the force produced about a joint's axis of rotation. 

The capacity of a muscle to generate torque can be assessed at a range of isokinetic velocities. 

Peak torque, measured in Newton metres (Nm), refers to the single highest torque output of the 

joint produced by muscular contraction as the limb moves through the range of motion. As peak 

torque is the reference point in all isokinetic measurements involving scientific and clinical work, 

peak torque measurements were undertaken in this study. 
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To assess peak torque of the knee extensor/flexor muscle group in the current study, isokinetic 

measurements were performed at 60 and 180 deg/s, allowing the performance of the muscles to 

be monitored during both slow and faster speed contractions. A strict measurement protocol was 

observed regarding the set up of the subjects seated position, and stabilisation. To ensure a 

representative peak torque value subjects performed five repetitions at each velocity (Rothstein et 

al., 1987). Evidence suggests that the time of day that knee extensor measurements are 

undertaken has a significant affect on the peak torque produced (Wyse et aI., 1994), therefore 

subjects in this study performed repeat measurements within one hour of the previous assessment 

time. All subjects underwent a familiarisation period prior to the data collection. Assessments 

were performed at the slow velocity, followed by the faster velocity, as reduced reliability has 

been reported when testing the faster velocities prior to slower velocities (Wilhite et aI., 1992). 

The verbal instructions given to the participants both prior to, and during the assessment were 

standardised. 

:-\. study \"as undertaken to assess the reliability and repeatability of using a Biodex 2000 

Isokinetic Dynamometer, with the same operator, to record individuals peak torque with repeated 

administrations. Prior to data collection, calibration checks were performed which followed the 

manufacturer's guidelines. 

2.2.2 Equipment 

A BIODEX 2000 Isokinetic Dynamometer (Biodex Medical Inc., Shirley, New York) was used 

to undertake the lower limb measurements of peak torque. The output data consisting of lever 

arm position, time and torque was collected via the Biodex and linked to a PowerLab v3.4.3 

(PowerLab ADInstruments, Hastings, England), which was connected to an Apple Mac PC 

loaded with Chart software v3.4 (PowerLab ADInstruments, Hastings, England). 

2.2.3 Method 

A population of22 participants (9 males and 13 females) was recruited from staff and ex-staff at 

the University of Brighton. All participants were aged between 48 and 81, and had no known 

pathologies that would affect their lower limb peak torque. Each participant undertook 

measurements of lower limb torque production on three attendances, with a minimum of 3 days, 

and maximum of 7 days between each visit. 

During each visit, concentric isokinetic peak torque production of knee extensors (quadriceps) 

and flexors (hamstrings) were measured bilaterally at velocities of 60 and 180 deg/s. Participants 
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were seated with a hip angle of between 80-100 degrees. The lateral femoral epicondyle was 

aligned with the rotational axis of the isokinetic dynamometer, and the resistance pad was 

positioned proximal to the lateral malleolus. To minimise movement during each trial, 

participants were stabilised with straps at the pelvis, ipsilateral thigh and across the chest, with 

hands resting on their laps (see figure 2.6). Once the participants were able to perform 

unrestricted motion of knee extension and flexion from a position of 90 degrees of flexion to 

tern1inal extension, measurements were taken of the seat height, seat position, dynamometer head 

position and the length of the attachment arm. Gravity correction was obtained by measuring the 

torque exerted on the dynamometer resistance with the knee in a relaxed state at terminal 

extension. During testing, the cushion setting on the control panel was set as "hard", thereby 

minimising the segments of the range of motion allocated to deceleration, and maximising the 

range a ailable to exercise at the test velocity. 

Figure 2.6 

• This picture illustrates the subject 
positioning, and stabilisation whilst 
assessing peak torque production of the 
knee extensor/flexor muscle groups 
(participants were barefoot for the 
actual assessments). 

lllustrates the isokinetic dynamometer set up 

Participants performed five practice trials of each velocity, on each limb, immediately prior to 

data collection. During this familiarisation period the participants were instructed to perform the 

first four repetitions "at their own pace" (submaximal effort), and the 5
th 

repetition "as hard and 

as fast as possible" (maximal effort). After a 30 second rest period, participants were instructed 

to perform five maximal repetitions at the preset velocity, "as hard and as fast as possible", 

starting from a knee angle of 90 degrees flexion. The participants were not given any verbal or 

visual encouragement during the trial. The test commenced with the command "3, 2, 1 go", and 

the repetitions were counted by the operator as they were performed. 

For each visit the trials were performed in the following order, with five warm up repetitions at 

each velocity, prior to five maximal contractions: right limb at 60 deg/s, right limb at 180 deg/s, 

left limb at 60 deg/s, left limb at 180 deg/s. As isokinetic exercise was a novel experience for the 
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majority of participants participating in this study, tests at 60 deg/s were performed prior to the 

tests at 180 deg/s, to facilitate motor learning at a slow velocity prior to testing at a faster velocity 

(Perrin. 1993), Furthermore, reduced reliability has been reported when testing fast velocities 

prior to slower velocities in a group of participants who had little experience of isokinetic 

exercise(Wilhite et aI., 1992). As the muscle torque may be influenced by diurnal variations, the 

repeat visits were at the same time of day (± 1 hour). 

In order to ensure that the peak torque values were actually achieved at the pre-set angular 

velocities, and not in the acceleration or deceleration periods, further checks were carried out on 

the data obtained from the Biodex 2000. Raw data were exported from the Biodex to the 

Powerlab programme, and subsequently analysed using Chart software. Results of this are given 

in the next section. 

2.2.4 Results 

For each trial, peak torque was defined as the highest torque developed for each movement 

during the 5 maximal contractions at a given angular velocity. Prior to data analysis, the peak 

torque values were checked for any impact artifact 'torque overshoot' representing inertial forces, 

rather than true muscular tension development (Sapega et aI., 1982). The analysis of the raw 

data from the Biodex 2000, showed that 21 of the 22 participants achieved their peak torque 

value at velocities within 5% of the pre-set angular velocities. 

Figure 2.7 indicates that there might be a slight learning effect, with the group's mean peak 

torque data increasing between visit one and visit two. There is a less obvious increase between 

visits two and three. 

To establish the reliability of the peak torque measurements, the intraclass correlation coefficient 

(ICC 1,1) as described by Shrout and Fleiss (1979) was calculated using the statistical package 

(SPSS vl0.l). Table 2.6 shows the ICC values for each variable, along with the 95% confidence 

intervals, mean peak torque value and standard error of measurement. 
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Figure 2.7 The average peak torque measurements obtained for each variable on visits 1 2 , 
and 3. Error bars represent the standard deviations. 

Table 2.6 Reliability data for peak torque knee extension/flexion 

Angular 
ICC 95% 95% 

Mean PT SEM Parameter Velocity c.l. C.l. 
(degls) 

(1,1) 
Lower Upper 

(Nm) (Nm) 

Right Knee Extension 60 0.95 0.90 0.98 118 7.6 

Right Knee Flexion 60 0.93 0.87 0.97 66 6.6 

Left Knee Extension 60 0.92 0.84 0.96 113 8.4 

Left Knee Flexion 60 0.90 0.81 0.96 62 6.0 

Right Knee Extension 180 0.83 0.69 0.92 78 8.1 

Right Knee Flexion 180 0.90 0.82 0.96 48 5.4 

Left Knee Extension 180 0.77 0.60 0.89 74 7.7 

Left Knee Flexion 180 0.89 0.78 0.95 45 4.2 

2.2.5 Summary of results 

The intraclass correlation coefficient values (both ICC [1,1] and 95% confidence intervals) for 

the trials undertaken at the slow angular velocity of 60 deg/s indicate a good level of test, retest 

repeatability for peak torque during knee extension and flexion. These ICC values (0.90-0.95) 
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are consistent with those reported elsewhere, (Pincivero et a1., 1997) 0.93-0.97, and (Fe iring et 

al.. 1990) 0.95-0.97. 

The intraclass correlation coefficient values for the trials undertaken at the higher angular 

ye}ocity of 180 deg/s, particularly the 95% confidence intervals, show moderate test retest 

repeatability with some values < 0.80. Steiner et al. (1993) found similar values at the same 

Yelocity with ICC's of 0.79 and 0.92 for knee extension and flexion respectively. A study by 

SleiYert and Wenger (1994), who tested knee extension in 23 students on 3 visits found when , 

testing at 180 deg/s, values which are consistent with those found in this study (ICC 0.83 and 

SEtv! 10 Nm). 

2.2.6 Conclusion 

Both knee extension and flexion trials at 60 deg/s demonstrated good reliability (ICC's >0.90). 

The knee extension trials at 60 deg/s were slightly more reliable than the knee extension trials at 

180 deg/s. The knee flexion trials at 180 deg/s were more reliable than knee extension trials at the 

same yelocity. 

There are mixed views from researchers as to which velocities are the best to use to assess 

performance. Whilst some think a wide spectrum of velocities is important, others think that as 

isokinetic exercise is a maximal form of resistance, recruitment of both slow and fast twitch 

muscle fibres may be accomplished exclusively at slower velocities (Perrin, 1993). From this 

reliability study, there seemed to be a tendency for decreasing reliability as the speed of 

contraction increased, in agreement with the findings of Sleivert and Wenger (1994). The day to 

day repeatability of peak torque measurements for knee extension/flexion at angular velocities of 

60 and 180 deg/s found in this study, has shown that the methodology used provided an 

acceptably reliable method of measurement of lower limb torque. 

It is unclear from previous studies the optimal number of familiarisation sessions prior to data 

collection. The results of this reliability study show good levels of test retest repeatability for the 

peak torque during knee extension and flexion, whilst there appears to be a slight learning effect 

between the first and second visits, no significant differences were found between visits. Other 

studies who have examined the reproducibility of isokinetic measurements in older adults have 

reported differing results. A reliability study of isokinetic testing in older adults (n= 178) by 

Frontera et al. (1993) identified increases of 5-20%) in isokinetic knee extensor/flexor strength at 

60 and 240 deg/s in males and females (aged 45-78) over 7-10 day period. Harries and Bassey 

(1990) carried out a series ofisokinetic knee extensor torque measurements in 10 elderly females 

(mean age 68 years). Measurements were taken at 7 angular velocities from 0 to 300 deg/s, in 
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increments of 50 deg/s, and the tests were repeated 14 days post baseline. No significant 

differences were found between the baseline and follow up tests, except for the torque obtained at 

100 deg/s where a small but significant mean difference of +2 Nm (5%) was observed. 

Interestingly a repeatability study investigating the effect of lower limb isokinetic tests in a group 

of adults (n=32) aged 51 to 78 years, with no previous isokinetic dynamometry testing or weight 

lifting experience, found no statistically significant difference in performance between 4 weekly 

test sessions for isokinetic knee extension / flexion tests at 60 and 120 deg/s (Salem et al., 2002). 

With all these reliability studies where repeat assessments were performed at 7 to 14 days, it 

could be suggested that the changes in strength occurred as a result of learning by test repetition. 

In this longitudinal study, the possibility of a learning effect is not an issue for concern as both 

groups (retirement and control) will benefit from this effect, and the aim of the analysis will be 

assess any differences between the groups during the period of the study. As the methodology 

used in the current reliability study provided an acceptable level of reliability, the same 

methodology was used in the longitudinal study for assessments at baseline, 6 months and 12 

months. 

2.3 Joint Range of Motion Reliability Study 

2.3.1 Introduction 

It is imperative that in order to draw any conclusions from repeated measurements of joint 

motion, the method undertaken is shown to be reliable and adhering to a strict protocol. Due to 

the poorer reliability and measurement errors of visual estimation reported whilst using universal 

goniometers, particularly whilst assessing mobility at the ankle joint, the current study used 

electrogoniometers to measure lower limb joint range of motion. Active range of motion was 

measured, as passive range of motion testing has the potential for greater variation in 

measurement reproducibility due to the external force applied to the limb (Gajdosik and 

Bohannon, 1987). A strict protocol was devised to assess ankle range of motion (dorsiflexion 

and plantarflexion), knee flexion/extension, and hip flexion/extension. The testing procedure was 

standardised including the testing sequence, limb position, subject instructions, stabilisation, 

ambient room temperature and time of repeat measurements. A study was undertaken to assess 

the reliability of using flexible electrogoniometers (Biometrics Ltd, Blackwood, UK), with a 

single operator to record individuals' maximum joint range of motion (ROM) on different 

attendances. Prior to this, the calibration response of the device was determined by manipulating 

the electrogoniometer through a range of angular displacements (from 0 to 140°) against a 

protractor (see figure 2.8). 
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Figure 2. Calibration of a flexible electrogoniometer against a protractor at 140 ° 

The alues demonstrated a high degree of linearity between the 'true' input angles applied to the 

protractor, and the measured' output values recorded on the angle display unit. The 'measured' 

output angles were within ±1 ° of 'true' input angles. These findings were consistent with 

previous studies (Rowe et al., 2001), and the manufacturer's manual which reports a reading 

accuracy of ±l.Someasured over ±180 0. 

2.3.2 Preliminary range of motion pilot study 

As no studies have reported using electrogoniometers (type XM110 and XM180; Biometrics Ltd) 

to measure full range of j oint motion, pilot work was undertaken to explore the reliability of the 

measurements of hip flexion/extension, knee flexion/extension and ankle range of motion using 

these electrogoniometers. Several issues were identified and needed addressing prior to the 

reliability study. 

Sensor attachment 

Whilst assessing knee and hip full range of motion measurements for flexion and extension, 

problems were experienced. The electro goniometer (type XM180) was attached following the 

manufacturer's guidelines, using standard double-sided medical tape, and single sided adhesive 

tape over the top, with the sensors aligned in the sagital plane. Large measurement errors were 

however seen whilst assessing both knee flexion and hip flexion. The electrogoniometer was 

underestimating the angle by over 20 ° in some instances at full knee flexion, and up to 40 ° (90 ° 

recorded value compared to 130 ° actual value) in full hip flexion (demonstrated in figure 2.9). 

The measurement errors were the result of soft tissue distortions rotating one or both of the 

electro goniometer sensors out of alignment. 
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Displays the effect of soft tissue around the hip joint during maximum hip 
flexion rotating the sensors out of alignment 

A eries of te t \ as carried out looking at alternative methods of electro goniometer attachment 

to redu e the measurement error. To record accurate full range of motion measurements of knee 

flexion it pro ed necessary to place velcro strapping above and below the knee, and apply' stick 

on' velcro to the sensors in place of the double sided medical tape. The sensors were attached to 

the velcro strapping with the participant in the supine. position, and as the participant moved into 

maximum flexion, the sensors were realigned across the joint. The introduction of velcro 

strapping enabled the operator to quickly and easily realign the sensors (if rotation had occurred 

due to soft tissue distortion) and record accurate full range of motion measurements for knee 

flexion. This method of realigning the recording instrument whilst the participant is in full 

flexion is similar to that used by clinicians when measuring knee flexion using a universal 

goniometer. With regard to hip flexion, despite numerous trials where the sensors were 

repeatedly re-applied, the measurement error could not be reduced, therefore, this measurement 

was excluded. 

Initially whilst undertaking measurements of hip extension with participants in a standing 

position some problems were experienced where the electrogoniometer underestimated the actual 

value achieved. As the participant moved throughout their range of movement, the full range of 

motion value shown would invariably be the same as the initial resting value. This resulted from 

soft tissue distortion rotating the sensor attached on the side of the pelvis out of alignment as the 

participant extended his/her lower limb. The level of distortion was reduced by the researcher 

applying moderate compression to the upper sensor whilst the participant extended hislher lower 

limb. 

Between attendance reliability was assessed with a single operator to record individual's 

maximum joint ROM with repeated administrations on different attendances. 
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2.3.3 1\1ethod 

A population of 10 participants was recruited from staff at the University of Brighton. All 

parti ipants were aged between 29 and 59, and had no lmown pathologies that would affect their 

10\ er limb range of motion. Each participant had measurements of lower limb range of motion 

a essed bilaterally following a strict protocol, on three different attendances. As per the 

manufactures recommendations, each electro goniometer was tested to a lmown angle 

(90°) against a protractor prior to data collection. 

Ankle range of motion 

A flexible electrogoniometer (XM110A, Biometrics Ltd, Blackwood, Gwent) was used to 

measure ankle ROM. With the participant standing barefoot on a raised surface (wooden board 

of 1 inch depth), the distal sensor was aligned between the lateral malleolus and the sole of the 

foot as shown in figure 2.10. The proximal sensor was aligned between the lateral malleolus and 

the head of the fibula. The sensors were attached with double sided medical tape. With the 

participant standing in the upright position, the resting value was recorded. Participants were 

positioned supine on a plinth, with the lmee extended, where they were asked to dorsiflex and 

plantarflex as far as comfortably possible. After a brief familiarisation period the participants 

were asked to undertake three further repetitions throughout the range. During all repetitions the 

participants were frrrnly supported above the lmee joint to restrict movement of the lower limb. 

For each repetition, the maximum ankle ROM values were recorded. Figure 2.11 shows a 

participant in the supine position performing the task. 

Figure 2.10 Ankle attachment: standing Figure 2.11 Ankle attachment: supine 

Knee joint flexion and hyperextension 
A flexible electrogoniometer (XM180, Biometrics Ltd, Blackwood, Gwent, UK) was used to 

measure the flexion-extension angle of the lmee. Prior to data collection the flexion-extension 

channel was zeroed. With the participant standing, velcro strapping was attached to the relevant 
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lin1b, abo e and below the patella. With the participant supine, the electrogoniometer was fixed 

to the elcro, across the lateral aspect of the knee joint. The resting angle was recorded. A hyper

exten ion te twa performed by placing two small sandbags under the participant's heel. To test 

for knee flexion the participants were instructed to drag their heel up the plinth, towards their 

butt cks, as far as comfortably possible. Full flexion was held for approximately 5 seconds, 

whil t the electrogonion1eter was realigned. After a brief familiarisation period, each test was 

repeated three times for each limb. The maximum angle was recorded for each trial. Generally it 

\ a found that once the electro goniometer was realigned in maximum knee flexion on the first 

repetition it v as not necessary to realign it for the subsequent repetitions. Figure 2.12 shows a 

participant in the upine position with the electrogoniometer attached. Figure 2.13 shows a 

participant performing maximum knee flexion without velcro strapping, and it clearly shows the 

ele trogoniometer having moved out of alignment due to soft tissue distortion. Figure 2.14 

how a participant in maximum knee flexion after realignment of the electro goniometer. 

Figure 2.12 Knee extension 
with strapping 

Hip extension 

Figure 2.13 Knee flexed 
without strapping 

Figure 2.14 Knee flexed 
with strapping 

The same flexible electrogoniometer (XMI80, Biometrics Ltd, Blackwood, Gwent) was used to 

measure the extension angle of the hip. Prior to data collection the flexion-extension channel was 

zeroed. The electrogoniometer was attached directly onto the skin over the hip joint, using 

double sided medical tape, whilst the participant stood upright. It was placed directly over the 

superior part of the greater trochanter and the position was verified by ensuring it was in line 

joining the longitudinal axis of the femur and midaxillary line of the trunk. The resting angle was 

recorded during upright standing with the participant's arms by their sides. Participants stood 

with their pelvis supported against a plinth, whilst placing the palms of their hands on top of the 

plinth, as illustrated in figure 2.15. Participants were asked to extend their relevant lower limb as 

far as comfortably possible, without leaning forwards over the plinth. During the movement, the 

operator applied moderate support to the upper sensor to prevent rotation, and supported the 
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participant ' lower back, as illustrated in figure 2.16. The maximum extension value was 

recorded. After a brief familiarisation period, this was repeated three times for each limb. 

Figure 2.15 Starting position: hip extension Figure 2.16 Hip extension 

2.3.4 Results 

At each attendance and for each limb movement assessed, the mean value from the three 

repetitions was used for statistical analysis. All data sets were checked for normality using the 

Kolmogorov-Smimov normality test in SPSS (version 10.1). A brief descriptive analysis of the 

range of motion data obtained is shown in Table 2.7. 

Table 2.7 

Joint 

ANKLE 

KNEE 

KNEE 

HIP 

Descriptive statistics of the lower limb range of motion (degrees) for the 10 
participants tested bilaterally (20 measurements) 

Visit One Visit Two Visit Three 
Parameter 

Mean (SD) Mean (SD) Mean (SD) 

Range (DFIPF) 52 (8) 52 (9) 52 (9) 

Hyper-extension 3 (1) 3 (1) 3 (1) 

Flexion 132 (7) 132 (8) 131 (7) 
Extension 13 (5) 13 (7) 13 (6) 

The reliability of the results was calculated using intra-class correlation coefficients to assess the 

between visit repeatability. Both the ICC's and SEM are displayed in table 2.8. 
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Table 2.8 

Joint 

- -

:-\.NKLE 

KNEE 

KNEE 

HIP 

Reliability of the 'between visit' data for range of motion measurements of the 
ankle, knee and hip joint 

Parameter ICC (1,3) 
95% C.I. 95% c.r. SEM 

Lower Upper (0) 

Range 0.97 0.93 0.99 3 

Hyper-extension 0.77 0.51 0.91 1 

Flexion 0.91 0.80 0.96 4 

Extension 0.94 0.86 0.97 3 

2.3.5 Sunlmary of results 

\\ nen assessing the reliability findings, it is important to take into consideration the mean values 

of the measurement as well as the ICC values and SEM. The intra-class correlation coefficient 

yalues (both ICC [1,3] and the 950/0 confidence intervals) for measurements of the ankle joint 

range, and knee flexion indicate good levels of test retest reliability. For knee hyperextension, 

the lower ICC 950/0 confidence interval shows only moderate reliability. This is due to the small 

measurement values seen for hyper-extension, consequently the test for hyper-extension was 

excluded from the main study. Both the intraclass correlation coefficient value and standard 

error of measurement for knee flexion show a good level of test retest reliability. In the case of 

hip extension, although the ICC values indicated a good level of test retest reliability, the SEM 

yalue was high in relation to the mean value obtained. Therefore, the hip extension data 

recorded from the main study was analysed and interpreted with caution. 

A potential area of weakness in the hip extension measurement protocol used was the position of 

the participant. It is possible that whilst assessing hip extension during standing some of the 

measurement variability seen within the repeat assessments may not be solely due to biological 

variation, but perhaps partially due to a potential methodological issue. During the hip extension 

task participants had the support of the plinth to lean against, as well as support provided by the 

researcher applied to the lower back. However, it is possible that whilst performing the task 

participants may have leant forward. This would have resulted in a hip extension measurement 

greater than would have been observed without the forward lean. If a subject noticeably leant 

forward during the task, he/she was asked to repeat the task. In a clinical environment, hip 

extension range of motion data may be collected with subjects lying prone. In this study due to 

the age of the participants and the discomfort that this positioning may have caused, the 

participants' hip extension range of motion was assessed during standing. 
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2.3.6 Conclusion 

Time was spent in developing a methodology to measure the end range of motion accurately and 

reliably. This reliability study has shown that the methodology used provided an acceptable 

reliable method of measurement of ankle range of motion whilst supine, knee flexion whilst 

supine and hip extension whilst standing. 

2.4 Physical Activity Questionnaire 

There are numerous tools to assess the various dimensions of physical activity among differing 

age groups. Therefore, when selecting a tool, both the subject group and outcome measures must 

be considered, as there is no single standard to measure physical activity in all its dimensions. 

The questionnaire selected to assess physical activity levels for this study was a combination of 

the Baecke questionnaire (1982), and an adapted version of this designed for use in an older 

population by Voorrips et aI. (1991). The Baecke questionnaire was designed for measurement 

of physical activity in epidemiological studies, comprising of three components to assess habitual 

levels of physical activity: work, sport and leisure. The authors reported good test retest 

reliability from a group of Dutch participants (n=309, aged 19-31), with repeat measurements 

after 3 months. Each component of the questionnaire was assessed independently as the 

questionnaire scores for the indices are not totalled; reliability values were: 

• work index 0.88 

• sport index 0.81 

• leisure index 0.74 

The advantage of this questionnaire is that as each aspect of physical activity (work, sport and 

leisure) has been validated independently, one can either use the whole questionnaire or just a 

particular index. Several studies have cited using the Baecke questionnaire in its entirety 

(Misigoj-Durakovia et aI., 2000), and other studies have reported using a particular index 

independently (work, sport or leisure) (Clapp et aI., 1999; Folsom et aI., 2000) . 

In the current study, the work index was selected to measure activity levels within the work place 

for all participants whilst in full-time employment. This index included 7 questions on subjective 

experience of work load, with pre-coded responses on five point scales such as:-

• At work I sit (never / seldom / sometimes / often / always) 

• At work I lift heavy loads (never / seldom / sometimes / often / very often) 
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and one question on the name of the main occupation, which has three levels of occupational 

physical activity defined according to the Netherlands Nutrition Council: 

• 
• 
• 

Low (eg clerical work, teaching, driving, medical practice) 

Middle level (eg. factory work, plumbing, carpentry, farming) 

High level (eg. construction work, sport) 

The minimal work index score was one, and maximal work index score was five. A copy of 

the questionnaire detailing the questions and method of calculation of scores are shown in 

appendix C. 

In an attempt to assess habitual physical activity in an older population, Voorrips et al. (1991) 

designed an interview questionnaire, based on the activity questionnaire by Baecke et al. (1982). 

The main difference being that Voorrips et al. introduced questions on physical activity 

undertaken within the household, which is relatively important in an older population, 

particularly post retirement due to the loss of occupational activities. This adapted version of the 

Baecke questionnaire consisted of scores in household activities, sporting activities and other 

physically active leisure time activities, altogether resulting in an activity score. This is an 

interview questionnaire with a reference period of one year, which takes approximately fifteen 

minutes to complete. The authors reported good test retest reliability from a group of Dutch 

participants (n=29, aged 63-80), with repeated measurements after 20 days. The correlation 

coefficient between the first and second interview was 0.89. To assess the relative validity, the 

questionnaire activity scores of 31 participants (14 men and 17 females) were compared with the 

results of a repeated 24hr activity recall and a pedometer score. The 24hr recall was performed 

on two weekdays and one weekend in a 3-week period, with activities recorded in periods of 10 

minutes. The score was presented as the mean net energetic cost per day. The pedometer score 

was obtained over three consecutive days (two weekdays and one weekend), and presented as the 

mean number of counts per day. Spearman's rank order correlation coefficient was calculated 

between the questionnaire and two reference methods (0.78 and 0.72 for the physical activity 

recall and pedometer), indicating reasonable relative validity. 

The current study used the questionnaire by Voorrips et al. to assess physical activity levels 

outside of the workplace. This included 10 questions on physical activity within the household 

such as: 

• 

• 

Do you do the heavy housework (washing floors, windows etc)? 

(Never / Sometimes / Mostly / Always) 

How many flights of stairs do you walk up per day? (1 flight is 10 steps) 

(I never walk up stairs / 1-5 flights / 6 - 10 flights / more than 10 flights) 
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• If you go somewhere in your hometown, what kind of transportation do you use? 

(I never go out / car / public transport / bicycle / walking) 

Sport and leisure activities were calculated from net energetic costs of activities, depending on 

the type of activity (intensity), frequency of activity (hours per week) and period of year in which 

the activity was normally performed. Individuals could report two sports activities, and up to six 

physically active leisure pursuits. All three scores (household, sport and leisure) were combined 

to provide an overall activity score. This overall activity score could range from zero up to 

approximately 1 ~O. although this high score would only be achieved from someone who 

undertook athletic activity for the majority of the week (~68 hours). The values reported by 

Yoorrips et aI. in their reliability study, in an older population, ranged from 2.5 to 2l.7. A copy 

of the questionnaire detailing the questions and method of calculation of scores are shown in 

appendix C. The interview based questionnaire by Voorrips et al. (1991) has been used to assess 

activity le\Tels within a variety of studies (Feland et aI., 2001; Haveman-Nies et aI., 2003b; Jatoi 

et aI., 2003; Voorrips et aI., 1993). 

In the current study both the physical activity questionnaire to assess activity levels within the 

workplace (Baecke et aI., 1982) and the questionnaire to assess physically active activities within 

the home, leisure and sports (Voorrips et aI., 1991) were used as tools to measure an individuals 

'perceived' change in activity levels during the period of the study, rather than as an absolute 

measure of activity level per se. 

As both physical activity questionnaires had been previously validated on a Dutch population, a 

small pilot study (n = 5) was undertaken allowing the researcher to: assess any difficulties 

experienced with the questions due to potential cultural differences; to gain experience in 

performing this interview based questionnaire; and in the calculation of the activity scores. 

Both the work index questions by Baecke et aI. and the physical activity questionnaire by 

Voorrips et aI. were piloted on a group of 2 males and 3 females (aged 45-61), with varying 

occupations (electrician, lecturer, accountant, counsellor, physiotherapist). No difficulties were 

encountered assessing activity levels within the workplace using the work index questions 

(Baecke et aI., 1982). Whilst assessing activity levels outside of the workplace, using the 

questionnaire by Voorrips et aI. (1991), with questions initially on the household activities, then 

sporting activities followed by leisure activities, no problems were encountered with questions 

relating to household activities. When asking questions of any sports activity undertaken, several 

mentioned leisure activities such as recreational yoga, swimming and cycling. Therefore, the 

order of questioning was adjusted for the main study with the section on household activities, 

followed by leisure activities, then sporting activities. The values found in this pilot study for the 
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\York index score ranged from 2 to 3.1, and the overall activity score for household, sports and 

leisure activities ranged from 5.9 to 11.4. 

2.5 Pilot studyfor the main study 

After completing the reliability studies, and devising appropriate methodologies to produce 

acceptable reliable methods of measurement, a pilot study was undertaken on four healthy female 

participants (aged 52-58) to test the overall organisation and feasibility of the project and data 

collection procedures. The study involved undertaking bilateral measurements of balance 

performance, lower limb torque, joint range of motion and the physical activity interview based 

questionnaire. Each session took approximately 90 minutes to undertake: 

• Introduction - 15 minutes 

o Explaining procedures and obtaining informed consent 

• Physical activity interview questionnaire - 15 minutes 

• Balance performance assessments - 20 minutes 

• Peak torque assessment - 20 minutes 

• J oint range of motion assessment - 20 minutes 

The results of the pilot study are shown in table 2.9. The purpose of this pilot study was not to 

collect data. However, it has been useful to note that the values obtained are similar to those 

found in the reliability studies. 
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Table 2.9 Main pilot study data 

, 

Mean (SD) 

, Physical Activity Work score 2.0 (0.6) 
Home/leisure/sport score 1l.9 (3) 
Feet together eyes open (M-L) 23 (5) mm 

i 
Feet together eyes open (A-P) 26 (2) mrn 
Feet together eyes closed (M-L) 27 (1) mm 

I 

i Balance performance 
i 

Feet together eyes closed (A-P) 29 (5) mrn 
! Left limb stance (M-L) 34 (2) mm 
, 

Left limb stance (A-P) 46 (11) mrn 
Right limb stance (M-L) 37 (1) mrn 
Right limb stance (A-P) 46 (11) mm 
Left knee extension at 60 deg/s 91.0 (12) Nm 

I Left knee extension at 180 deg/s 59.7 (7.5) Nm 

! Peak torque 
Left knee flexion at 60 deg/s 47.0 (5.5) Nm 
Left knee flexion at 180 deg/s 37.8 (4.6) Nm 

I 

Right knee extension at 60 deg/s 92.2 (8.3) Nm 
Right knee extension at 180 deg/s 62.2 (10.3) Nm 
Right knee flexion at 60 deg/s 47.5 (8.7) Nm 
Right knee flexion at 180 deg/s 34.6 (3.3) Nm 
Left ankle ROM 49 (6) 0 
Left knee flexion 132(4)0 

Range of motion Left hip extension 13 (3) 0 
Right ankle ROM 47 (7) 0 
Right knee flexion 134 (3) 0 
Right hip extension 15 (4) 0 
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3. LONGITUDINAL STUDY 

3.1 Illtroduction 

:-\ longitudinal study was undertaken to investigate the effect of retirement and subsequent 

lifestyle changes on the rate of change of several key physiological parameters related to falling 

in later life; balance performance, peak torque of the knee extensor/flexor muscle groups, lower 

limb joint range of motion and physical activity levels. Ninety-seven participants were recruited 

for the study. Forty-one participants were recruited for the retirement group (19 male, 22 

female). and fifty-six participants were recruited for the control group (25 male, 31 female). 

3.1.1 Recruitment 

The majority of participants were recruited through the personnel departments of local 

organisations. The personnel departments agreed to either: forward information packs about the 

project to their employees who were due to retire or planning to retire within 24 months; or 

allowed notices to be placed in their internal newsletters or circulated an email to all their 

employees giving details of the project. Local organisations participating included the University 

of Brighton, Brighton & Hove City Council, Eastbourne Borough Council, East Sussex County 

Council, Eastbourne District General Hospital and West Sussex County Council. Other 

participants were recruited from notices placed in local churches, community centres, libraries, 

doctors' surgeries, dental surgeries and supermarkets. The study was also promoted through 

interviews on the BBC Southern Counties local radio station, and BBC South East Today 

television, as well as advertisements placed in the local newspapers. 

3.1.2 Inclusion criteria 

The retirement group included healthy males and females at the pre-retirement stage. Baseline 

measurements were recorded within a fortnight of each individual's retirement date. Retirement 

was defined as 'ceasing full time paid employment'. The control group consisted of healthy 

males and females within full time employment, planning to retire within 5 years of the study 

commenCIng. 

3.1.3 Exclusion criteria 

Participants with any trauma or disease affecting their physical activity level, such as:- lower 

limb injury, respiratory disorders (such as severe asthma), congestive heart disease, multiple 

sclerosis, Parkinson's disease and other neurological disorders, were excluded from the study. 

Participants were also excluded if they were unable to understand instructions or questionnaire 
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que tion in English. Participants who had already retired from full time employment were also 

excluded at the start of the study. 

Fron1 a total of 122 participants who initially volunteered for the study, 25 were excluded as they 

had already retired had lower limb injuries or withdrew due to the distance to travel to the 

Eastbourne campus. 

m Already retired 

o Lower limb injury 

~ Distance too far 

o Recruited 

Figure 3.1 The percentage of participants who were recruited and excluded from the 122 
initial volunteers. 

3.1.4 Sample size 

Using the mean and standard deviation from the reliability study data (chapter 3) the requisite 

sample size was calculated using the freeware PS Power and Sample Size Calculations program 

(version 1.0.17, copyright c 1997 by William D Dupont and Walton D Plummer, available at 

\vww.mc.vanderbilt.edulprevmed/ps.htm). Power analysis was used to determine the minimum 

number of participants required for each group to observe a 20% effect for each variable. The 

results are shown in table 3.1. The program calculates that a sample size of 37 (with the same 

number of controls) would be sufficient to detect a 20% difference in measurements between the 

retirement and control groups (a = 0.05 , (3 = 0.8)1, for all variables excluding the hip range of 

motion. The reliability study data for hip extension showed a relatively small mean (13 degrees) 

and a large standard deviation (6 degrees), subsequently a larger sample size would be required 

(n=84) to detect a 20% difference in the groups. As it was not feasible to obtain this number of 

participants in each group, the hip extension data recorded will be analysed and interpreted with 

caution. 

I CI. denotes alpha level, {3 denotes power. 
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Table 3.1 Sample size requirements to observe a 20% effect for each variable determined 
using the mean and standard deviation data from the reliability study data (table 
2.3; 2.7 and figure 2.7). 

Sample size 
Parameter Measurement Mean SD required per 

group 
Knee extension @ 60 deg/s 118 33 32 

Peak Torque Knee extension @ 180 deg/s 79 19 24 
(Nm) Knee flexion @ 60 deg/s 63 19 37 

Knee flexion @ 180 deg/s 45 13 34 

Range of 
Ankle Range 52 8.6 12 

Motion (0) Knee Flexion 132 7.3 3 
Hip Extension 13 6 84 
Feet together, Range CoP M-L 25.3 5.9 22 
eyes open Range CoP A-P 25.1 6.9 31 

Balance tasks Feet together, Range CoP M -L 33.5 9.4 32 
(mrn) eyes closed Range CoP A-P 30.8 7.9 27 

Single limb Range CoP M -L 32.6 4.5 9 
stance, eyes open Range CoP A-P 41.4 8.3 17 

3.1.5 Informed consent 

Prior to the study commencing participants received verbal details, as well as a written 

information sheet about the nature and procedure of the project. Participants were assured that 

they could withdraw from the study at any time. Written consent was obtained prior to data 

collection (see appendix A). 

3.16 Participant characteristics 

All participants lived or worked in Sussex. With regards to ethnic origins 98% of the 

participants were Caucasian, 1 % African and 1 % Asian. This was in agreement with local 

population statistics where 97% of the residents were Caucasian, compared to 88% of residents 

within the United Kingdom (National Statistics Census 2001). The majority of participants had 

low level physical activity occupations (such as driving, administration, management, teaching, 

medical practice). Two percent of participants reported mid level physical activity occupations 

(electrician, plumber), which is lower than the figure reported within the United Kingdom 

(-20%) (Office for National Statistics, Labour Force Survey: Spring 2004). Health and medical 

conditions at baseline included several participants reporting lower limb arthritis, and one female 

participant (ill 42) reported having fallen on more than one occasion during the past 18 months. 

3.2 Method 

Each participant was asked to visit the Robert Dodd Human Movement Laboratory, School of 

Health Professions, University of Brighton. On arrival, each participant was once again fully 

informed as to the nature of the project, and the procedures to be carried out in order to undertake 

the various measurements. After reading the information sheet, participants were asked to sign a 
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consent form prior to any data collection. The testing procedure followed for each participant is 

shown in figure 3.2. All data collection was undertaken by one researcher, on a one-to-one basis 

with each participant. Data collection per participant took between 90 and 120 minutes. All 

participants were invited back for repeat assessments six and twelve months post their initial 

yisit. 

Figure 3.2 

Physical activity questionnaire 

Measurement of body mass and height 

Participants changed into shorts (provided) 

Balance performance ( 4 tasks) 
Feet together, eyes open 

Feet together, eyes closed 
Left limb stance, eyes open 

Right limb stance, eyes open 

Peak torque of the knee 
extensor/flexor muscle groups 
Bilateral tests at 60o/s and 180o/s 

Full range of joint motion 
Ankle range 
Knee flexion 
Hip extension 

A flow diagram to indicate the testing procedure 

Anthropometric data was collected, recording participant's age, body mass (Detetco Medical 

Scales) and height (Seca Telescopic Measuring Rod). 
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3. ~.l Assessment of phvsical activity levels 

Physical actiYity levels were assessed using an interview based questionnaire, relating to activity 

undertaken in the work place, the household, leisure and sporting activities over the previous 12 

months. Physical activity within the work place was assessed using the work index of the Baecke 

questionnaire (Baecke et al., 1982). Physical activity within the home, leisure and sporting 

activities was assessed using an adapted version of the Baecke questionnaire for use in an older 

population (Voorrips et al., 1991) (Appendix C). 

3.~. 2 Assessment of balance performance 

To assess balance performance each participant undertook a simple balance test of quiet standing 

on a force plate. under various conditions. A Kistler force plate type 9281B 11 (Kistler 

Instruments Ltd., Winterthur, Swizterland) was used for these measurements, connected to a 

Kistler 9865 charge amplifier. This was linked via a 16-bit analogue to digital converter to an 

m~I compatible PC loaded with BioWare (version 3) data collection and analysis software. 

Participants attempted four balance tasks, each for a maximum period of thirty seconds: feet 

together eyes open (FTEO), feet together eyes closed (FTEC), standing on the right leg eyes open 

(SSR). and standing on the left leg eyes open (SSL). For each task, participants were asked to 

stand barefoot, centrally aligned on the force plate, with their arms at their sides and head in a 

normal forward facing position, with eyes focused on a stationary eye level target located 

approximately five metres away. For the feet together eyes closed condition, the participants 

were instructed to inform the operator just as they closed their eyes so data collection could be 

synchronised at the start of each test. For the single limb stance tasks, the participants were 

instructed that the non weight-bearing limb was not to be in contact with the stance limb during 

the trial. The single limb stance trial commenced when the participant raised one foot off the 

force plate. Prior to any data collection, participants underwent a familiarisation period which 

involved attempting each task for a period of thirty seconds. Thereafter each participant 

attempted each task three times, the order of which was randomised. There was approximately 1 

minute between each trial, with seated rest provided to minimise any effects due to fatigue. 

Centre of pressure (CoP) displacement measurements in both the anterior-posterior and medial

lateral plane were collected with a sampling frequency of 70 Hz. The data was analysed in the 

time domain to give the range of the centre of pressure about the mean position. For the feet 

together eyes open, and eyes closed balance tasks, the mean value from the three trials was used 

for subsequent analysis. However, as a considerable number of participants failed to complete all 

three trials of the single limb stance task, the mean value for statistical analysis was deemed 

inappropriate. Instead, the single limb stance trial with the smallest range of CoP displacement 

for each limb was selected for data analysis. 
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Due to some unacceptable levels of drift on the Kistler force plate, all data was processed through 

a 'drift correction calculation' program, details of which are given in appendix E. 

3.2.3 Assessment of torque production of the knee flexion / extension muscles 

For each participant, isokinetic torque of the knee extensors (quadriceps) and flexors 

(hamstrings) was measured bilaterally at velocities of 60 and 180 deg/s. A BIODEX 2000 

Isokinetic Dynamometer (Biodex Medical Inc., Shirley, New York) was used for this purpose. 

Participants were seated with a hip angle of between 80-100°. The lateral femoral epicondyle 

\\'as aligned with the rotational axis of the isokinetic dynamometer, and the resistance pad was 

positioned proximal to the lateral malleolus. To minimise movement during each trial, 

participants were stabilised with straps at the pelvis, ipsilateral thigh and across the chest. Their 

hands \yere resting on their laps. Gravity correction was obtained by measuring the torque 

exerted on the dynamometer resistance with the knee in a relaxed state at terminal extension. 

During testing the cushion setting on the control panel was set as "hard", thereby minimising the 

segments of the range of motion allocated to deceleration, and maximising the range available at 

the test velocity. 

Participants performed 5 practice trials at each velocity, on each limb, immediately prior to data 

collection. During this familiarisation period the participants were instructed to perform the first 

four repetitions "at their own pace" (submaximal effort), and the 5
th 

repetition "as hard and as 

fast as possible" (maximal effort). After a one minute rest period, participants were instructed to 

perform five maximal repetitions at the preset velocity, starting from a knee angle of90 0. The 

participants were not given any verbal or visual encouragement during the trial. The test 

commenced with the command "3, 2, 1 go", and the repetitions were counted by the operator as 

they were performed. 

The trials were performed in the following order: left limb at 60 deg/s, left limb at 180 deg/s, 

right limb at 60 deg/s, right limb at 180 deg/s. For each trial, peak torque was defined as the 

highest torque developed for each movement during the five maximal contractions at a given 

angular velocity. 

3.2.4 Assessment of lower limb joint range of motion 

Bilateral measurements of full ankle range of motion, knee flexion and hip extension were 

undertaken for each participant following a standardised protocol. Ankle range of motion was 

assessed using a flexible electrogoniometer (XMII0A, Biometrics Ltd, Blackwood, Gwent) 
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hown in figure 3.3. The XM110A electro goniometer was specifically designed to measure 

ankle j oint motion. With the participant standing barefoot (shown earlier in figure 2.10), the 

en or were attached to the skin, the distal sensor was aligned between the lateral malleolus and 

the ole of the foot. The proximal sensor was aligned between the lateral malleolus and the head 

of the fibula . The electro goniometer was attached with double-sided medical tape. With the 

participant standing in the upright position, the resting value was recorded. Participants were 

po itioned supine on a plinth, with the lmee extended, and heels off the edge of the plinth, where 

the \ ere asked to dorsiflex and plantarflex as far as was comfortably possible. After a brief 

farniliari ation period the participants were asked to undertake three further repetitions 

throughout the range. During all repetitions the participants were firmly supported above the 

lmee joint to re trict movement of the lower limb. For each repetition, the maximum ankle ROM 

value were recorded. 

XMllOA 

'" .... 
XM1~ 

Angle 
display 
unit 

Figure 3.3 Electrogoniometers used to assess j oint range of motion 

Knee flexion angle was assessed through the use of a flexible electro goniometer (XM180, 

Biometrics Ltd, Blackwood, Gwent, UK) also shown in figure 3.3. The XM180 

electrogoniometer was designed to measure lmee flexion/extension and hip extension/flexion. 

With the participant standing velcro strapping was attached to the relevant limb, above and below 

the patella. With the participant supine, the electro goniometer was fixed to the velcro, with the 

sensors across the lateral aspect of the lmee joint. The resting angle was recorded. To test for 

lmee flexion the participants were instructed to slide their heel up the plinth, towards their 

buttocks, as far as comfortably possible. After a brief familiarisation period, each test was 

repeated three times for each limb. Full flexion was held for approximately five seconds, whilst 

the sensors were realigned. The maximum angle was recorded for each trial. 

The same flexible electro goniometer was used to measure the extension angle of the hip with the 

subject standing upright. The electro goniometer was attached directly onto the skin over the hip 

joint, using double sided medical tape. It was placed directly over the superior part of the greater 
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trochanter and the position was verified by ensuring it was in line joining the longitudinal axis of 

the femur and midaxillary line of the trunk. The resting angle was recorded during upright 

standing, with the participant's arms down by their sides. Participants stood facing the plinth, 

with their pelvis supported against a plinth, and placed the palms of their hands on top of the 

plinth. Participants were asked to extend their relevant hip as far as comfortably possible, 

without leaning forwards over the plinth. During the movement, the researcher applied moderate 

support to the upper sensor to prevent rotation, and supported the participant's lower back. After 

a brief familiarisation period, this was repeated three times for each limb, where the maximum 

extension yalue was recorded. 

For each joint motion assessed, the mean value from the three repetitions was used for statistical 

analysis. 

3.3 Repeat Ineasurements 

Participants were invited to attend for repeat assessments at six and twelve months post their 

initial assessment. To maintain consistency with data collection, participants were recalled for 

repeat assessments at the same time of day (± 1 hour) of their initial visit. Furthermore, the 

temperature in the Human Movement Laboratory was kept at a constant temperature (25 ± 2°C). 

For the retirement group, repeat assessments were undertaken within six months (± 2 weeks) of 

ceasing full time employment. For the control group, repeat assessments were undertaken six 

months (± 2 weeks) post baseline. The control group remained in full time employment during 

the period of the study. Further measurements were undertaken at 12 months post baseline for 

both groups. At this stage, in-depth statistical analysis was carried out to identify and compare 

the rate of change of individuals in each group, and evaluate any relationships with lifestyle 

changes. Comparisons were made between the retirement and control groups, and between 

gender groups. The statistical software package SPSS vII was used for the analysis of the data. 

To maintain interest in the study, and to reduce the risk of drop out (a problem often reported in 

longitudinal studies), all participants received Christmas cards during the period of the study. 

Additionally, every six months newsletters were produced and distributed to all participants 

during the period of the study giving information about the progress of the study, and other 

related projects within the University of Brighton. Copies of the newsletters can be seen in 

Appendix D. 

During the course of the study the researcher took responsibility to personally carry out the 

following procedures for each participant to help minimise the rate of participant drop out: -
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1. Initial telephone contact providing information about the study 

'") Telephone contact to arrange the initial assessment appointment 

3. Undertake the initial assessment (approximately 90-120 minutes) 

4. Telephone contact 5 months later to arrange 6 month follow up appointment 

5. Undertake the 6 month assessment (approximately 90 minutes) 

6. Telephone contact a further 5 months later to arrange 12 month follow up appointment 

7. Undertake the 12 month assessment (approximately 90 minutes) 

3.4 Statistical Analysis 

The statistical package SPSS (vII) was used for all data analysis. Prior to the study commencing, 

the appropriateness of all statistical tests were verified by the statistical consultancy unit of the 

University of Brighton. 

Baseline data 

At baseline the data was analysed in order to investigate whether there were any significant 

differences between the retirement group and the control group for each of the measurement 

variables. Initially the data was checked for normality, and where the data was normally 

distributed, the two tailed Student's t-Test for independent samples was used to analyse 

differences between the groups' mean values at baseline. For variables not following the normal 

distribution pattern the non-parametric Mann Whitney U test was used to analyse the differences 

between the groups' at baseline. These tests have been shown to be appropriate when 

investigating significant differences between two measurement groups (Bland, 2000; Field, 

2000). 

Repeat measurements (baseline, 6 months and 12 months) 

To investigate any differences in measurements between the retirement group and control group 

during the period of the study a mixed design repeated measures analysis of variance (ANOV A) 

test was used (Field, 2000). Repeated measures ANOV A have been used in previous 

longitudinal studies investigating change over time in physiological parameters (Bassey, 1998; 

Frontera et aI., 2000; Hughes et aI., 2001 and Era et aI., 2002). In the current study, the between 

subject factor was 'group' (retirement and control) and the within subject factor was 'visit' 

(baseline, 6 months and 12 months). The analysis was used to investigate whether the time of 

visit (baseline, 6 months or 12 months) influenced the selected measurement variable differently 
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between the two groups. This is expressed in terms of a visit x group interaction. If the data was 

not normally distributed the square root of the value was taken. If this did not normalise the 

distribution of the data the raw data was log transformed in order to be able to use the ANOV A 

test (Bland 2000). Details of which procedure was used for each variable are given in the 

releyant section. 

To inYestigate whether any change in physical activity levels were associated with changes in 

balance performance, lower limb strength and joint range of motion the data was further 

analysed. Correlations on the difference in variables between baseline and 12 months were 

assessed by calculating Spearman's Rho. 

For all statistical tests an alpha level of 0.05 was used as the critical value, below which the 

results were accepted as significant. 
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4. LONGITUDINAL STUDY: BASELINE RESULTS 

This chapter reports the results of the baseline data. The data was analysed in order to 

investigate whether there were any significant differences between the retirement group and the 

control group for each of the measurement variables. Initially the data was checked for normality, 

and \yhere the data was normally distributed, the two tailed Student's t-Test for independent 

samples was used to analyse differences between the groups' mean values at baseline. For 

variables not following the normal distribution pattern the non-parametric Mann Whitney U test 

\yas used to analyse the differences between the groups' at baseline (Bland, 2000). Where 

appropriate, relationships between variables are discussed. 

4.1 Retirement group vs control group: Baseline results 

The following null hypotheses were tested between the retirement group and the control group:-

1. There is no significant difference in balance performance (the range of CoP 

displacement) between the groups 

ii. There is no significant difference in lower limb strength (peak torque of the knee 

extensor/flexor muscles) between the groups 

111. There is no significant difference in joint range of motion (ankle, knee, hip) 

between the groups 

IV. There is no significant difference in physical activity scores at work between the 

groups 

v. There is no significant difference in physical activity scores within the home, 

leisure and sports between the groups 

Descriptive statistics for the retirement group and control group at baseline are presented in table 

4.1. Descriptive analysis was then carried out on the variables for balance performance, peak 

torque of the knee extensor/flexor muscle groups, lower limb joint range of motion and physical 

activity levels. The results are shown in tables 4.2 to 4.5. 

Table 4.1 

Age (~ears) 

Anthropometric details of the retirement and control groups at b~seline. Mean, 
standard deviation, 95% confidence intervals and P values are gIven. 

Retirement Group Control Group 
(n=41) (n=56) 

Mean SD 95% C.I Mean SD 95% c.l. p value 
60.0 4.6 58-61 59.2 3.4 58-60 0.37 

Body mass(kg) 75.7 16.7 70-81 75.6 10.9 72-78 0.48t 
Height (m) 1.68 0.09 1.65-1.71 1.69 0.08 1.66-1.71 0.78 

t Non parametrIc test 
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The distribution of the data was checked for nonnality using the Kolmogorov-Smimov test. 

For all the yariables except body mass, knee flexion range of motion and single limb stance 

balance trials the data were nonnally distributed. 

No significant differences were found between the retirement group and the control group for any 

of the measurement variables (p>0.05). Further discriminant analysis, using the Wilks Lambda 

test for all yariables, showed no significant differences between the retirement group and control 

group (p>0.05).~ 

To facilitate comparing the different groups for each variable at baseline, box plots are shown 

belo\\'. \Yhere measurements were obtained on both limbs (single limb stance, peak torque and 

joint range of motion) only the left limb data is displayed, as the data for both limbs were similar. 

Box plots are sun1mary plots based on the median, quartiles and extreme values. The box 

represents the interquartile range which contains 50% of the values. The whiskers are lines that 

extend to the highest and lowest values, excluding outliers. Outliers3 are shown by circles and 

extremes~ are shown by asterisks. The line across the box indicates the median. 

Figure 4.1 shows that there was no significant difference in age between the retirement and 

control groups (p>0.05). Figure 4.2 shows that the majority of participants weighed between 70 

and 80 kg, although there were two outliers in the control group weighing approximately 100kg, 

and one extreme in the retirement group who was considerably heavier than the rest of the group. 

Figure 4.3 shows no significant difference in height of subjects in either group. 
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Figure 4.1 Age (years) for the retirement 
and control groups. 

Figure 4.2 Body mass (kg) for the retirement 
and control groups. 

2 The null hypothesis for Wilks Lambda is that the variables do not significantly predict group 

membership. 
3 Outliers are cases with values between 1.5 and 3 box lengths from the upper or lower edge of the box. 
4 Extremes are cases with values more than 3 box lengths from the upper or lower edge of the box. 
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Figure -+.3 Height (m) for the retirement and control groups 

.... 1.1 Balance performance 

DescriptiYe statistics of the balance performance tasks for the retirement and control groups at 

baseline are presented in table 4.2. For both the feet together balance tasks (eyes open and eyes 

closed) the data followed the normal distribution pattern. In contrast, the single limb stance data 

\'"ere not normally distributed. 

Table 4.2 

Balance 
task 

FTEO 

FTEC 

SLS Left 

SLS Right 

Balance performance measurements at baseline for the retirement and control 
groups: Range of CoP displacement (mm) mean, standard deviation, 95% 
confidence interval and P values are given. 

Plane Retirement Group Control Group 

Mean SD 95% C.I Mean SD 95% c.I. p 
value 

M-L 26.6 7.3 23.8 - 29.3 26.1 8.5 23.2 - 29.0 0.93 
A-P 24.2 5.9 22.0 - 26.5 23.7 5.1 22.0 - 25.4 0.44 
M-L 33.4 13.5 28.3 - 38.4 3l.9 9.4 28.7 - 35.1 0.71 
A-P 29.0 8.1 26.0 - 32.1 29.6 8.0 26.8 - 32.3 0.93 
M-L 4l.8 12.7 37.0 - 46.6 42.4 14.0 37.6 - 47.2 0.93 t 
A-P 45.3 14.2 40.0 - 50.7 45.3 16.7 39.7 - 5l.0 0.67 t 
M-L 43.2 10.6 39.2 - 47.1 38.9 7.5 36.4 - 4l.5 0.16 t 
A-P 48.7 24.8 42.0 - 60.1 44.4 16.0 40.1 - 49.0 0.31 t 

t Non parametric test 
FTEO = Feet together eyes open. FTEC = feet together eyes closed. SLS Left = Single limb stance on the 
left limb. SLS Right = Single limb stance on the right limb. 

The range of CoP displacements for the balance tasks standing with the feet together (eyes open 

and eyes closed) are shown in figures 4.4 to 4.7. Figure 4.4 shows two individuals with larger 

CoP displacement values in the medial-lateral plane whilst standing with eyes open. The outlier 

in the control group (ID 61), was the tallest man in the study at 1. 88m. The outlier in the 
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retirement group (ID 42), female, who had larger range of CoP displacement values for both the 

eyes open and eyes closed balance tasks. This individual had reported falling on several 

occasions prior to commencing the study. There were no significant differences between the 

retirement or control group for any of the balance tasks (p>O.05). For both the feet together 

(eyes open and eyes closed) balance trials, there was greater CoP displacement in the medial

lateral plane than in the anterior-posterior plane as shown in table 4.2. 
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Figure.fA Eyes Open (feet together): Range of 
CoP displacement in the medial-lateral (M-L) 
plane for the retirement and control groups. 
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Figure 4.6 Eyes Closed (feet together): Range 
of CoP displacement in the medial-lateral (M-L) 
plane for the retirement and control groups. 
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Figure 4.5 Eyes Open (feet together): Range of 
CoP displacement in the anterior-posterior 
(A-P) plane for the retirement and control 
groups. 
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Figure 4.7 Eyes Closed (feet together): Range 
of CoP displacement in the anterior-posterior 
(A-P) plane for the retirement and control 
groups. 



Figures 4.8 and 4.9 show the single limb stance balance trials, which did not follow the normal 

distribution pattern. Only 480/0 of all the participants in the study (n=47) successfully completed 

all three attempts of the single limb stance on both limbs. In an opposite trend to that seen in the 

feet together trials, the single limb stance trials produced less movement in the medial-lateral 

plane than in the anterior-posterior plane shown in table 4.2. 
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Figure 4.8 Single limb stance (left): 
Range of CoP displacement in the medial
lateral (M-L) plane for the retirement and 
control groups. 
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Figure 4.9 Single limb stance (left): 
Range of CoP displacement in the 
anterior-posterior (A-P) plane for the 
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4.1.2 Peak torque of the knee extensor/flexor muscle groups 

Descriptive statistics of the peak torque data of the lrnee extensor and flexor muscle groups for 

the retirement and control groups at baseline are presented in table 4.3. 

Table -L3 Peak torque measurements (Nm) of the lrnee extensor/flexor muscle groups at 
baseline for the retirement and control groups. Mean, standard deviation, 95% 
confidence interval and P values are given. 

Peak torque at pre-set Retirement Group Control Group 
angular velocities 

Mean SD 95% C.I Mean SD 95% C.1. P 
value 

Left knee extension (fv 60o/s 101.0 35.0 89.9 -112.0 107.5 37.8 97.0 - 117.9 0.48 
Left knee extension (m 180o/s 63.6 25.7 55.4 - 71.7 67.8 26.7 60.4 -75.2 0.48 
Right knee extension @ 60o/s 99.7 40.9 86.8 -112.6 107.4 36.9 97.2 -117.6 0.40 
Right knee extension @ 180o/s 63.5 27.7 54.8 -72.3 67.8 23.4 61.3 - 74.3 0.45 
Left knee flexion @ 60o/s 48.6 17.4 43.1 - 54.2 51.2 18.9 46.0 - 56.4 0.50 
Left knee flexion @ 180o/s 38.1 15.6 33.3 - 43.2 39.7 16.0 35.3 - 44.1 0.65 
Right knee flexion @ 60o/s 51.6 19.3 44.6 - 56.8 54.9 19.9 49.4 - 60.4 0.30 
Right knee flexion @ 180o/s 38.2 15.8 33.2 - 43.2 41.8 16.2 37.3 - 46.2 0.29 

Peak torque values for the lrnee extensor/flexor muscle group (left limb) can be seen in figures 

4.10 to 4.13. The outliers shown in figure 4.10 in the retirement group are two males: ill 20 

(105kg) whose peak torque per unit body mass was 186%, and ill 70 (137kg) whose peak torque 

per unit body mass was 1390/0. In figures 4.11 and 4.13, the outlier in the retirement group was 

ill 70. In figure 4.12 the outlier was ill 20. Whilst the control group exhibited slightly higher 

peak torque values, there was no significant difference in peak torque data between the retirement 

and control group (p>0.05). 
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Figure 4.10 Peak torque knee extension @ 
60 degls (left limb) for the retirement and 

control groups. 
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Figure 4.11 Peak torque knee extension @ 
180 deg/s (left limb) for the retirement and 
control groups. 
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Figure ~.12 Peak torque knee flexion @ 
60 deg s (left limb) for the retirement and 
control groups. 

4.1.3 Lower limb joint range of motion 
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Figure 4.13 Peak torque knee flexion@ 
180 deg/s (left limb) for the retirement and 
control groups. 

Descriptive statistics of the joint range of motion data for the retirement and control groups at 

baseline are presented in table 4.4. For both the ankle range of motion and hip extension the data 

followed the normal distribution pattern. In contrast, the knee flexion range of motion data were 

not normally distributed. 

Table 4.4 Lower limb range of motion measurements (degrees) for the retirement and 
control groups at baseline. Mean, standard deviation, 95% confidence interval 
and P values are given. 

Joint range of 
Retirement Group Control Group motion 

Mean SD 95% C.I Mean SD 95% c.I. p value 
Left Ankle ROM 51 7.0 48.7 - 53.3 50.1 6.6 48.3 - 52.0 0.59 
Left Knee Flexion 131.0 6.1 129.0 - 133.0 131.1 6.4 129.3 - 133.0 0.61 t 

Left Hip Extension 11.0 4.8 9.3 - 12.7 9.5 3.7 8.4 - 10.7 0.22 
Right Ankle ROM 48.2 8.1 45.6 - 50.9 48.4 7.6 46.3 - 50.5 0.78 
Right Knee Flexion 131.4 6.6 129.3 - 133.6 130.6 7.7 128.5 - 132.8 0.98 t 
Right Hip Extension 12.5 4.2 11-13.7 11.06 4.6 9.6 - 12.4 0.17 

t Non parametric test 

The ankle range of motion data, displayed in figure 4.14, show a similar range of values with 

an outlier in both groups, although there was no statistically significant difference between the 

retirement or control groups (p>0.05). In figure 4.14 the outlier with limited ankle movement 

in the control group was ID 7, male, who reported having a pin inserted in his ankle 20 years 
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ago following an accident. In figure 4.15, there were outliers and extreme values 

corresponding to reduced knee flexion range of motion in both groups. Both extreme cases in 

the retirement and control group reported suffering from arthritis affecting their knee flexion. 

The hip extension range of motion data in figure 4.16 displayed a large range of values from 2 

to 22°, whilst there was no significant difference in values between the groups (p>0.05). 
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Figure 4.14 Ankle ROM (left limb) for 
the retirement and control groups. 
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Figure 4.16 Hip Extension ROM (left limb) for 
the retirement and control groups. 
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Figure 4.15 Knee flexion ROM (left limb) for 
the retirement and control groups 



~.lA Physical activity levels 

Descriptive statistics of the physical activity level scores undertaken within the workplace, and 

within the home, leisure and sporting activities are presented in table 4.5. The scales for these 

scores are reported in section 2.4. 

Table 4.5 Reported physical activity level scores at baseline for the retirement and control 
groups. Mean, standard deviation, 950/0 confidence interval and P values are 
gIven. 

Physical activity 
Retirement Group Control Group score 

Mean SD 95% C.I. Mean SD 95% C.1. p value 
\\'ork 2.49 0.52 2.33 - 2.66 2.65 0.67 2.47 - 2.83 0.22 
Home, leisure, sport 9.17 4.7 7.6 - 10.6 9.86 5.2 8.4-11.2 0.53 

Figure 4.17 shows that some of the participants in the control group reported being more active 

at work than the retirement group, although the difference was not statistically significant 

(p>0.05). The majority of subjects had low physical activity occupations (such as driving, 

administration, teaching, medical practice). Two males reported mid level physical activity 

occupations, an electrician in the retirement group and a plumber in the control group. 

In figure 4.18, the distribution of reported physical activity levels outside the work place 

including activities at home, leisure or sporting activities) for the control group was slightly 

higher than the retirement group, but again this was not statistically significant (p>0.05). 

Overall the most frequently reported activities undertaken were walking, gardening, swimming 

and attending a gymnasium. Over one third of participants were sedentary (32% retirement 

group, 370/0 control group), participating less than once a week in activities of moderate 

intensity for at least half an hour (Skelton et aI., 1999b). 
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Figure 4.17 Physical activity score at work 
for the retirement and control groups 

103 

25 

0 
20 

e? 15 0 
u 
en 
.?;-
';; 
U 10 
<{ 

5 

0 
Control Retirement 

Group 

Figure 4.18 Physical activity score at home, 
leisure and sport for the retirement and control 
groups 



4.1.5 SUmnlary 

The following is a review of the null hypotheses tested on the baseline data between the 

retirement group and the control group:-

1. 

.. 
11. 

111. 

I\". 

v. 

4.1.6 

There is no significant difference in balance performance (the range of CoP 

displacement) between the groups. Accepted 

There is no significant difference in lower limb strength (peak torque of the knee 

extensor/flexor muscles) between the groups. Accepted 

There is no significant difference in j oint range of motion (ankle, knee, hip) between 

the groups. Accepted 

There is no significant difference in physical activity scores at work between the 

groups. Accepted 

There is no significant difference in physical activity scores within the home, leisure 

and sports between the groups. Accepted 

Discussion 

To be able to quantify any difference in the rate of change over the period of this longitudinal 

study, in either the retirement or control group, it is important to check for any significant 

differences between the groups at the initial visit for each of the measurement variables. In this 

study no significant differences were found between the retirement group and control group. 

With regard to the ages of the participants in this study, the mean values were very similar for 

each group. In the retirement group the males appear to be following the trend of early 

retirement (mean age 60.4 years) as discussed in chapter 1, retiring before their eligibility for the 

State retirement pension. The mean body mass and height for both groups were similar and 

found to be representative of the general population, as reported in previous studies with healthy 

volunteers (Nigg et al., 1992; Paasuke et al., 2002). 

This study assessed balance performance using the range of CoP displacement about the mean 

position during quiet standing. There was no statistically significant difference in balance 

performance between the retirement and control groups. The range of CoP displacement in the 

anterior-posterior plane was consistent with that found in a smaller study of 22 older people 

(mean age of 72 years) for the feet together (eyes open and eyes closed) balance tasks (Blaszyczk 

et al., 2000). Blaszyczk et al. reported substantially smaller ranges of CoP displacement in the 
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medial-lateral plane which was probably due to the participants being allowed to select their 

preferred stance position, as the stance width for bipedal balance tasks appears to have a 

significant effect on the direction and magnitude of the horizontal force vectors. Therefore 

studies using a narrow stance to assess balance (i.e. feet together) produce greater ranges of CoP 

displacement in the medial-lateral plane, than those using a wider stance. As shown in table 4.2 

and figures .f.4 to 4.7, the feet together trials (eyes open and eyes closed) produced greater 

movement in the medial-lateral plane, than in the anterior-posterior plane. 

On joining the study, one female participant in the retirement group (ID 42) had reported 

falling on several occasions during the previous 18 months. Her CoP displacement values, 

particularly in the medial-lateral plane, whilst standing with the feet together (eyes open and 

eyes closed), were substantial higher than any of the other participants. This was in agreement 

with studies by Maki et (1994) and Stel et al. (2003) who have reported greater CoP values in 

the medial lateral plane in fallers than non fallers, whilst performing a similar balance task. 

OYer half of the participants experienced difficulty performing the single limb stance balance 

task, failing to complete one or two of the three trials attempted on either limb. A small number 

of the group (14%) were unable to complete any of the single limb stance trials. These results are 

in keeping with two American studies, firstly Bohannon et al. (1984) who found 6% of 

participants aged 50-59 (n=30), and 57% of participants aged 60-69 (n=30) unable to perform the 

single limb stance for 30 seconds. Similarly a smaller study by Briggs et al. (1989) found 22% of 

females (n=14) aged 60-64, and approximately 50% aged 65-69 (n=13) were unable to perform 

the single limb stance for 30 seconds. 

The peak torque knee extension/flexion values obtained in this study were similar to those 

reported by Akima et al. (2001) from a large scale cross sectional study in a group of Japanese 

males and females, see section 4.2.5. 

Range of motion at the ankle joint was assessed with the participants lying supine on a plinth, 

with their ankles off the edge. From the whole data set, the mean ROM for the left ankle joint 

was 50°, and for the right ankle was 48°. Brown and Holloszy (1991) found similar values in 

their study ofa group of male and females (aged 60-71) with an average ankle ROM of 46°. The 

position of the participants was different from that used by Nigg et al. (1992), who measured 

ankle ROM with participants seated with the knee at 90° of flexion. With participants of an 

average age of 64, Nigg reported ROM values of 61 ° and 63° respectively (males and females), 

which was considerably higher than the baseline values found here. It is highly likely that the 

difference in values found between Nigg's study and current work results from the different 
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testing position limiting joint movement (passive insufficiency5). Testing ankle ROM with the 

knee in a flexed position removes the tension from the soft tissues around the ankle joint, whilst 

testing ankle ROM with the knee extended stretches the soft tissues. In the current study, the 

participants were supine, with the knee fully extended, in order to assess any change in the soft 

tissue around the ankle joint following lifestyle changes post retirement. 

The normal range of motion at the knee is from 0° to 135° of flexion (not corrected for age), 

however, the amount of movement available will vary according to the position of the hip. Knee 

flexion was performed in the supine position by simultaneously flexing the hip and knee, with the 

foot remaining on the plinth. The mean value obtained for knee flexion ROM for both groups 

W3S 131 0 for both the left and right knee. These values are in agreement with those reported by 

Roach and Miles (1991), in a large cross sectional study of American males and females (aged 

60-7'+), \yith a knee flexion value of 131°. 

Range of motion values obtained for hip extension are affected by the participants' position. In 

this study, hip extension values were obtained with the participant standing upright, with support 

against a plinth, and mean values for hip extension were found to be 10° and 11 ° (for left and 

right hip respectively). In contrast, Roach and Miles (1991), tested hip extension with 

participants positioned prone and reported a mean value for hip extension at 17 0. The hip 

extension results of the current study must be interpreted with caution due to the measurement 

errors experienced during hip extension from skin movement and marker placement as reported 

earlier in the reliability study (section 2.3.2). 

The data shows that the variability in the lower limb range of motion of older adults is high, and 

this presumably reflects the individualization of the ageing process, as well as disuse and other 

lifestyle differences. 

The baseline scores recorded for physical activity within the workplace were similar for the 

retirement and the control group (see table 4.5). The baseline values for physical activity levels 

outside of work including household, leisure and sporting activities were again similar for each 

group. The overall average score was 9.5, with scores ranging from 1.4 to 22.6. These scores 

can be compared to those within a study of a Dutch population (60 participants, aged 63-80), 

where an average score of 11 was reported, with scores ranging from 2.5 to 21.7 (Voorrips et aI., 

1991). The values found in this study correspond well with those from the Dutch study, 

although it should be noted that the age groups were different. It would appear that the 

participants in the current study led more sedentary lifestyles than the slightly older Dutch group. 

5 A multiple joint muscle is unable to stretch across the joints enough to allow their full anatomical range. 
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In order to obtain health benefits, the recommended frequency and intensity of physical activity 

is considered to be a minimum of five times a week, for at least half an hour, at a moderate 

intensity6 (Skelton et aI., 1999b). As mentioned in section 4.1.4 the number of individuals in this 

study classified as sedentary would be 350/0 (n=32). This value corroborates those reported in a 

survey of health and lifestyles within the United Kingdom (Health Education Authority, 1995), 

who found in England 33% men and 38%) females aged 55-74 were sedentary. 

Several studies have reported the functional range of motion required for activities of daily 

living, particularly knee flexion, for activities such as sitting down in a chair (93°) and squatting 

to lift an object off the floor (117°) (Clarkson & Gilewich 1989). In the current study, four 

individuals (1 male and 3 females) would have difficulty squatting to pick obstacles off the floor 

(see figure 4.15) with knee flexion values below or near to this value. The mean hip extension 

value for both groups was 10° for the left hip, and 11.5 0 for the right hip, although there was 

\\'ide variation with values ranging from 2 to 25°. With the wide range of hip extension values 

found, the results must be interpreted with caution due to potential measurement errors from skin 

movement around the hip joint. 

·t1.7 Conclusion 

The initial assessments have shown no significant differences between the retirement group and 

the control group for any of the measured variables at the start of this project, and both groups are 

similar to other age matched populations across the world. 

After completing the analysis investigating any differences between the retirement group and the 

control group at baseline it was decided to investigate whether there were any gender differences 

for each of the measurement variables, as the prevalence of falls is generally higher in females 

than in males. Additionally, the descriptive data reported in the following section provides 

normative data for lower limb strength, joint range of motion, balance performance and physical 

activity levels for males and females at the pre-retirement stage. 

6 Moderate intensity physical activity equates to a metabolic rate in which at least 5 kcaVmin ~re. used, and 
is considered sufficient to improve the aerobic capacity for the average middle aged male. T.his mcludes 
activities such as walking at a brisk/fast pace for at least 1 mile, cycling, swi~ng or aerobICS, wher~ the 
heart rate will be raised sufficiently to leave the individual breathing more heavIly than usual and feelIng 

warmer. 
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4.2 Gender differences (male vs female): Baseline results 

In order to investigate whether any differences existed between gender groups for each of the 

measurement variables the following null hypotheses were tested:-

l. There is no significant difference in balance performance (the range of CoP 

displacement) between gender groups 

ii. There is no significant difference in lower limb strength (peak torque of the knee 

extensor/flexor muscles) between gender groups 

111. There is no significant difference in joint range of motion (ankle, knee, hip) 

between gender groups 

IV. There is no significant difference in physical activity scores at work between 

gender groups 

v. There is no significant difference in physical activity scores within the home, 

leisure and sports between gender groups 

Descriptive statistics for the gender groups at baseline are presented in table 4.6. Descriptive 

analysis was then carried out on the variables for balance performance, peak torque of the knee 

extensor/flexor muscle group, lower limb joint range of motion and physical activity levels, 

providing normative data for males and females of this age group. The distribution of data was 

checked for normality using the Kolmogorov-Smimov test. 

Table 4.6 Anthropometric details of the gender groups at baseline. Mean, standard 
deviation, 95% confidence intervals and P values are given. 

I 

Males (n=43) Females (n=52) 
Mean SD 95% C.I Mean SD 95% C.1. p value 

Aze (years) 60.1 4.4 58.7 - 61.5 59.2 3.6 58.1-60.1 0.23 
Body mass (kg) 83.9 13.7 79.6 - 88.1 68.8 9.1 66.3 -71.4 0.000 t 
Height (m) 1.76 0.06 1.74 - 1.78 1.62 0.05 1.61 - 1.64 0.000 

t Non parametric test 

From the data collected, body mass indices were calculated (kg/m2) for the males 27 ± 4 (mean 

and SD), and females 26 ± 3 (mean and SD). There was no significant differences in age 

between the male and female participants, although as expected, significant differences were 

found between gender groups for both body mass and height. 
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.t.2.1 Balance performance 

Descriptive statistics of the balance performance tasks for the gender groups at baseline are 

presented in table 4.7. For both the feet together balance tasks (eyes open and eyes closed) the 

data followed the normal distribution pattern. In contrast, the single limb stance data was not 

normally distributed. 

Table -+.7 

Balance 
task 

FTEO 

FTEC 

SLS Left 

SLS Right 

Balance performance measurements of the gender groups at baseline: Range of 
CoP displacement (mm) mean, standard deviation, 95%) confidence interval and 
P values are given. 

Plane Males Females 
Mean SD 95% C.I Mean SD 95% C.1. p value 

M-L 27.3 8.2 24-30 25.4 7.7 23 -28 0.24 
A-P 25.0 4.9 23 -27 23.5 6.3 22-25 0.24 
M-L 36.7 11.1 33 -40 29.5 9.9 27 -32 0.002 
A-P 32.1 7.9 30-34 28.1 7.2 26-30 0.006 
M-L 43.2 10.6 39 - 47 37.6 10.6 34 -41 0.000 t 
A-P 46.0 14.6 41 - 51 39.6 9.6 36-43 0.046 t 
M-L 41.6 9.2 38 -45 38.1 6.1 36-40 0.005 t 

A-P 44.4 22.1 36 - 53 42.4 13.0 38 -47 0.57 t 

t 1\ on parametric test 

F or the feet together eyes open balance task, there were no significant gender differences in the 

range of CoP displacement in either the medial-lateral or anterior-posterior plane. However, for 

the feet together eyes closed balance task, the males exhibited significantly greater amplitudes of 

CoP displacement in both planes. Figure 4.19 displays the values from the medial-lateral plane, 

which highlights one individual (ill 42) exhibiting an extreme range of CoP displacement 

(>70mm) in comparison to the other female participants. 

F or the single limb stance trials, again the males exhibited significantly greater ranges of CoP 

displacement than the females, in both the medial-lateral plane and anterior-posterior plane. 

Although, there were no gender differences in the number of participants who failed to complete 

the task (see table 5.3). 
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Figure 4.19 Eyes Closed (feet together) : 
Range of CoP displacement in the medial
lateral (M-L) plane for males and females 

"Vhen comparing gender differences in balance performance it is important to normalise the data 

for differences in body size, as a person's height will influence the CoP movement. Given the 

arne amount of forward lean, i.e. angular displacement at the ankle, a taller person will move his 

or her centre of mass further forward resulting in a larger CoP displacement value (illustrated in 

figure 4.20). In this study, the data were normalised by expressing the results relative to the 

height of the subject (range of CoP displacement / height), and after this process the gender 

differences in balance performance were removed (p>0.05) as shown in table 4.8 . 

Figure 4.20 
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The influence of height on Centre of Pressure displacement 
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Table -+.8 Norm~lised balance performance data of the gender groups at baseline: Range of 
CoP dIsplacement / height, mean, standard deviation 95% confidence interval 
and P values are given. 

Balance 
Plane task Males Females 

Mean SD 95% C.I Mean SD 95% c.l. p value 
FTEO M-L 15.4 4.6 13.7-17.1 16.0 5.0 14.3 17.7 0.89 

A-P 14.1 2.5 13.2 - 15.0 14.6 4.0 13.2 - 15.9 0.61 
FTEC M-L 20.4 6.3 18.1-22.7 18.6 6.8 16.3 - 20.9 0.07 

A-P 18.3 4.3 16.7 - 19.8 16.6 4.3 15.2-18.1 0.22 
SLS Left M-L 26.3 8.1 23.4 - 29.3 28.4 22.2 20.9 - 35.9 0.09 t 

A-P 28.3 10.5 24.5 - 32.1 25.9 6.9 23.5 - 28.2 0.57 t 
SLS Right M-L 24.5 6.1 22.3 - 26.7 23.5 3.8 22.2 - 24.8 0.27 t 

A-P 27.6 14.0 22.5 - 32.7 28.1 10.4 24.6 - 31.7 0.63 t 

t Non parametric test 

4.2.2 Peak torque of the knee extensor / flexor muscle groups 

Descriptive statistics of the peak torque data of the knee extensor and flexor muscle groups for 

the gender groups at baseline are presented in table 4.9. As expected, there was a significant 

difference in all the peak torque variables between the gender groups. The males exhibited 

greater lower limb muscle strength than the females at both angular velocities, and in both muscle 

groups (knee extensor and knee flexor muscle groups). 

Table 4.9 Peak torque measurements (Nm) of the knee extensor/flexor muscle groups at 
baseline for the gender groups. Mean, standard deviation, 95% confidence 
interval and P values are given. 

Peak torque at pre-set Males Females angular velocities 
Mean SD 95% C.I Mean SD 95% C.l. p value 

Left knee extension ~ 600/s 132.8 31.8 123 - 143 79.6 22.5 73 -86 <0.001 
Left knee extension ~ 1800/s 86.3 24.1 79-94 48.9 13.8 45 - 53 <0.001 
Right knee extension @ 60° /s 130.8 39.3 118-143 80.6 20.8 74-87 <0.001 
Right knee extension @ 1800/s 84.2 25.6 76-92 50.0 11.0 47 - 53 <0.001 

Left knee flexion @ 60° /s 64.1 16.5 59-69 37.8 10.0 35 -41 <0.001 

Left knee flexion @ 1800/s 50.7 14.8 46 - 55 28.6 8.8 26 - 31 <0.001 

Right knee flexion ~ 600/s 67.9 18.3 62-74 40.3 10.2 37 - 43 <0.001 

Right knee flexion @ 180° /s 51.6 14.2 47 -56 29.7 7.6 27 - 32 <0.001 

In order to compare the peak torque produced by individuals of differing body sizes, particularly 

when comparing males and females, it is useful to 'normalise' the peak torque data with respect 
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to bodyweight, using the unit Nm/kg (Newton metre per kilogram bodyweight) (Dvir, 1995). In 

the current study, after normalising the data for bodyweight (Nmlkg), there was a reduction in 

differences between the groups, although the statistically significant differences between genders 

remained (p<O.OOl) as shown in table 4.10. 

Table 4.10 Normalised peak torque measurements (Nmlkg) of the knee extensor/flexor 
muscle groups at baseline for the gender groups. Mean, standard deviation, 95%) 
confidence interval and P values are given. 

Peak torque per unit 
Males Females bodyweight 

Mean SD 95% C.I Mean SD 95% C.I. p value 
Left knee extension @ 60°/ s 159 38 147-170 120 31 111 - 129 <0.001 
Left knee extension @ 1800 /s 103 27 94 - 111 73 19 67 -78 <0.001 
Right knee extension @ 600 /s 157 44 143-171 121 29 112 - 128 <0.001 
Right knee extension @ 1800 /s 101 29 92 -110 75 18 69- 80 <0.001 
Left knee flexion @ 600 /s 77 18 71- 82 57 16 52 - 61 <0.001 
Left knee flexion @ 1800 /s 61 16 55 - 65 43.5 14 39-47 <0.001 
Right knee flexion @ 600 /s 82 21 75 - 88 60 16 55 -64 <0.001 
Right knee flexion @ 1800 /s 64 17 58 - 68 45 12 41-47 <0.001 

4.2.3 Lower limb joint range of motion 

Descriptive statistics of the joint range of motion data for the male and female groups at baseline 

are presented in table 4.11. Both the ankle range of motion and the hip extension data followed 

the normal distribution pattern. In contrast, the knee flexion range of motion data was not 

normally distributed. 

Table 4.11 Lower limb range of motion measurements (degrees) for the gender groups at 
baseline. Mean, standard deviation, 950/0 confidence interval and P values are 
gIven. 

Joint range of Males Females 
motion 

Mean SD 95% C.I Mean SD 95% c.l. p value 

Left Ankle ROM 48.6 6.5 47 - 51 50.9 6.9 49 - 53 0.053 

Left Knee Flexion 131.5 5.5 130 - 133 132.1 4.1 131 -133 0.77 t 

Left Hip Extension 8.1 3.4 7-9 11.7 4.2 10 -13 <0.001 

Right Ankle ROM 46.5 6.5 44 - 49 50.2 7.7 48 - 52 0.019 

Right Knee Flexion 131.6 4.9 130 - 133 132.2 4.9 131 -134 0.79 t 

Right Hip Extension 9.9 3.5 8 - 11 13.0 4.7 11 - 14 <0.001 

t Non parametric test 

The females exhibited greater ranges of motion than the males in both ankle joints. There was 

a borderline significant difference between the males and females for the left limb, and clear 

differences were seen in the right ankle j oint. Significant gender differences were seen within the 
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hip extension range of motion data with males having reduced values . 

..... 2A Physical activity levels 

Descriptive statistics of the physical activity level scores (both at work, and at home / leisure / 

sports) for the male and female groups at baseline are presented in table 4.12. There were no 

significant gender differences in reported activity levels at work, or in activity levels outside of 

the workplace (home, leisure and sports). 

Table 4.12 Reported physical activity level scores at baseline for the gender groups. Mean, 
standard deviation, 95% confidence interval and P values are given. 

Physical activity 
Males Females score 

Mean SD 95% C.I. Mean SD 95% C.1. P value 
\Vork 2.6 0.6 2.4 - 2.8 2.5 0.5 2.4 - 2.7 0.77 
Home, leisure, sport 9.8 4.9 8.3 - 11.3 9.4 5.1 7.9 - 10.9 0.57 

4.2.5 Summary 

The following is a review of the null hypotheses tested on the baseline data between the gender 

groups:-

1. 

11. 

111. 

IV. 

V. 

There is no significant difference in balance performance (the range of CoP 

displacement) between gender groups. Accepted 

There is no significant difference in lower limb strength (peak torque of the knee 

extensor/flexor muscles) between gender groups. Rejected 

There is no significant difference in joint range of motion (ankle, knee, hip) 

between gender groups. Partially Accepted 

There is no significant difference in physical activity scores at work between 

gender groups. Accepted 

There is no significant difference in physical activity scores within the home, 

leisure and sports between gender groups. Accepted 
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4.2.6 Discussion 

Not surprisingly, significant gender differences were found for body mass and height (p<O.OOI). 

Significant gender differences were seen in the absolute data for several of the balance tasks with , 

men exhibiting greater amplitudes of CoP displacement, indicating greater instability. However, 

in this study the data were normalised by expressing the results relative to the height of the 

participant. and after this process gender differences were removed. 

The peak torque knee extension/flexion values obtained in this study were similar to those 

reported previously by Akima et a1. (2001), displayed in table 4.13. However, the Japanese 

participants measured by Akima were shorter and lighter than the subjects in the current study. 

Furthermore, the values in the current study were lower than peak torque values reported by 

several other studies (also displayed in table 4.13) investigating isokinetic muscle strength in 

participants of similar body sizes, and age groups (Frontera et a1., 1993; Neder et a1., 1999; 

Sunnerhagen et a1., 2000; Hughes et a1., 2001) or older (Aniansson et a1., 1980). 

Other studies have reported on the functional muscle force required to perform daily activities 

such as rising from a chair. Both Skelton et a1. (1999) and Ploutz-Snyder et a1. (2002) suggested 

people needed a knee extensor muscle force equivalent to 35% of their bodyweight to be 

confident of getting up from a low chair without using their arms. Whilst everyone in the 

current study produced greater peak torque per bodyweight values than this, and should therefore 

have no problem carrying out this task, the variation in performance recorded was quite dramatic. 

The mean peak torque per bodyweight (Nrnlkg) for the knee extensor muscle group, shown in 

table 4.10, is relatively high. However, there are some weaker individuals in the group who may 

be at risk of having difficulties performing such tasks as rising from a low chair, unless they 

undertake some form of physical activity to maintain or increase their current lower limb 

strength. These individuals could also be at risk of falling, as the lowest peak torque data of the 

knee extensor muscle group at 60 deg/s values produced here were 38.9 Nm for females and 52.3 

Nm for the males. These values are slightly higher than those reported by Whipple et a1. (1987) 

in a group of fallers as shown in table 1.6. The lowest peak torque value of the knee flexor 

muscle group at 60 deg/s found in the current study was 15.5 Nm for the females and 31.2 Nm 

for the males, which again is not dissimilar to values reported by Whipple et a1. (table 1.6). 

114 



Table 4.13 Average peak torque values reported in previous studies, and from the current 
study 

Author and Subject Age Body Height Task Isokinetc Average 
COlll1t:ry no. and (yrs) mass (cm) angular Peak 

gender (kg) velocity Torque 
(Nm) 

Extension 600/s 160 
Akima et al. 90' Mean 68 162 1800/s 100 
(2001 ) 57 Flexion 600 /s 98 

1800/s 60 
Japan Extension 600/s 90 

21 ~ Mean 55 152 1800/s 55 
56 Flexion 600/s 50 

1800/s 35 
46-78 Extension 600/s 160 

Hughes et al. 52 0' (Mean 77 - Flexion 600/s 92 
(2001 ) age 60) 

46-78 Extension 600/s 98 
USA 68 ~ (Mean 65 - Flexion 600/s 54 

age 60) 
Extension 600/s 157 

Sunnerhagen 18 0' 60-69 85 177 1800/s 112 
et al. (2000) Flexion 600/s 71 

1800/s 55 
Sweden Extension 600/s 101 

27 ~ 60-69 68 164 1800/s 70 
Flexion 600/s 47 

1800/s 33 
Extension 600/s 172 

Neder et al. 45 0' 20-80 75 168 Flexion 600/s 97 
(1999) (Mean 

age 50) Extension 600 /s 110 
Brazil 51 ~ 63 157 Flexion 600/s 57 

Extension 600/s 145 
Frontera et al. 45 0' 45-78 79 176 Flexion 600/s 76 
(1993) (Mean 

age 60) Extension 600/s 90 
USA 51 ~ 65 161 Flexion 600/s 48 

Anianson et Extension 600/s 147 

al. (1980) 400' Aged 70 80 173 Extension 1800/s 90 

Extension 600/s 83 
Sweden 32 ~ 65 158 Extension 1800 /s 51 

51-68 Extension 600/s 132 

Bryant 43 0' (Mean 84 176 1800/s 85 

(this study) age 60) Flexion 600 /s 66 
1800/s 51 

50-65 Extension 600/s 80 

52 ~ (Mean 69 162 1800/s 49 
age 59) Flexion 600/s 39 

1800/s 29 
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The males exhibited significantly less ankle joint range of motion and hip extension than the 

females. Using similar methods of analysis (Students t-Tests) Walker et al. (1984) reported 

significant gender differences in the lower limb range of motion in a group of American males 

(n=30) and females (n=30) aged 60 to 84 years. The females exhibited greater ranges of motion 

performing hip adduction, hip medial rotation, knee flexion and ankle plantar flexion than the 

males. No differences were found for ankle dorsiflexion or hip flexion, and hip extension was not 

measured in the study. In contrast, a larger cross-sectional study by Roach and Miles (1991) 

reported no significant gender differences in either: hip flexion, hip extension or hip medial 

rotation in a group of white American males (n=649) and females (n=664) aged 25-74. 

There was no significant difference in reported physical activity levels (either at work, or for 

household, leisure and sporting activities) between the gender groups. This follows the same 

trend as reported by the Health Survey for England during 1993 and 1994 (Health Education 

Authority, 1995), which showed little or no gender differences in reported activity levels. The 

HEA survey assessed the percentage of males and females participating in physical activities and 

found values of 31 % of males, and 32% of females aged 55-59; which dropped to 27% for both 

males and females aged 60-65. 

~.2. 7 Conclusion 

The initial assessments have shown a significant difference between males and females for the 

following measured variables at the start of the project: body mass, height, peak torque of the 

knee extensor/flexor muscle group, ankle ROM and hip extension ROM. The first three are 

consistent with known gender differences. There appears to be a limited number of studies 

investigating gender differences in lower limb joint ROM, and those that have been published 

have reported inconsistent findings. 

After completing the analysis investigating any gender differences between measurement 

variables for all the participants, and providing normative data for the gender groups it was 

decided to further analyse the groups (retirement and control group) to investigate whether there 

were any gender differences between theses groups for each measurement variable at baseline. 
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4.3 Grouping differences 

To investigate whether there were any gender differences between the retirement group and 

control group for each measurement variable at baseline the following null hypotheses were 

tested:-

1. There is no significant difference in balance performance between the male 

retirement group and male control group 

ii. There is no significant difference in balance performance between the female 

retirement group and female control group 

111. There is no significant difference in lower limb strength between the male retirement 

group and male control group 

IV. There is no significant difference in lower limb strength between the female 

retirement group and female control group 

Y. There is no significant difference in joint range of motion between the male 

retirement group and male control group 

VI. There is no significant difference in joint range of motion between the female 

retirement group and female control group 

vii. There is no significant difference in physical activity scores at work between the 

male retirement group and male control group 

Vlll. There is no significant difference in physical activity scores at work between the 

female retirement group and female control group 

IX. There is no significant difference in physical activity scores within the home, leisure 

and sports between the male retirement group and male control group 

x. There is no significant difference in physical activity scores within the home, leisure 

and sports between the female retirement group and female control group 

Descriptive statistics of all the groups at baseline are shown in table 4.14. Descriptive analysis 

was then carried out on all the variables for balance performance, peak torque of the knee 

extensor/flexor muscle groups, lower limb j oint range of motion and physical activity levels. The 

distribution of data was checked for normality using the Kolmogorov-Smimov test. 

As shown in table 4.14, there was no statistically significant difference between the male 

retirement group and male control group, and between the female retirement group and female 

control group for age, body mass or height. 
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Table --l.I--l 

Age (years) 

Anthropometric details of all the groups at baseline. Mean, standard deviation, 
and 950/0 confidence intervals and p values are given. 

Retirement Group Control Group 
Mean SD 95% C.I Mean SD 95% C.l. 

Males (n =19) Males (n=25) 
p value 

60.4 5.3 57 - 63 59.8 3.6 58 - 61 0.63 
Body mass (kg) 85.0 18.4 76 - 93 82.9 8.8 79 - 86 0.62 
Height (m) 1.76 0.06 1.73 - 1.79 1.76 0.06 1.74 - 1.79 0.94 

Females n = 22) Females (n = 31) 
Age (years) 59.5 4.1 57 - 61 58.7 3.2 57 - 59 0.39 

Body mass (kg) 67.7 9.7 63 - 72 69.7 8.7 66-72 0.44 

Height (m) 1.62 0.05 1.59 - 1.64 1.63 0.05 1.61 - 1.65 0.41 

4.3.1 Balance performance 

Descripti ye statistics of the balance performance tasks for the gender groups at baseline are 

presented in table 4.15. For both the feet together balance tasks (eyes open and eyes closed) the 

data followed the normal distribution pattern. In contrast, the single limb stance data was not 

normally distributed. There were no significant differences between the male retirement and 

male control group, or between the female retirement and female control group for any of the 

balance performance tasks (p>O.05). 

Table 4.15 

Balance 
task 

FTEO 

FTEC 

SLS Left 

SLS Right 

FTEO 

FTEC 

SLS Left 

SLS Right 

Balance performance measurements of all the groups at baseline: Range of CoP 
displacement (mm) mean, standard deviation 95% confidence interval and p 
values are given. 

Plane 
Retirement Group Control Group 

Mean SD 95% C.I Mean SD 95% C.1. p value 

Males Males 

M-L 27.4 6.8 23 - 31 27.3 9.7 22 - 32 0.46 

A-P 24.8 3.9 22 - 26 25.2 5.4 22 - 28 0.29 

M-L 36.1 12.1 29 - 42 36.2 11.0 30 - 42 0.67 

A-P 31.4 7.4 27 -35 32.8 8.5 28 - 37 0.90 

M-L 46.9 15.2 38 - 55 46.5 14.9 38 - 54 0.94 

A-P 48.5 17.6 39 - 57 52.0 20.8 40 - 63 0.45 

M-L 45.9 12.1 39 - 52 41.2 9.7 35 - 46 0.74 

A-P 56.2 30.5 40 -72 41.4 14.2 33 - 48 0.22 

Females Females 
M-L 25.6 8.11 21 - 30 25.2 7.6 21 - 28 0.54 

A-P 23.7 7.8 19 - 28 22.5 4.6 20 - 24 0.86 

M-L 30.2 15.0 21 -38 28.4 6.2 25 - 31 0.98 

A-P 26.3 8.2 21 - 31 27.0 6.7 23 - 30 0.74 

M-L 35.9 5.0 33 - 38 39.1 12.7 33 - 45 0.80 

A-P 41.8 8.5 36 - 46 40.0 10.2 35 - 44 0.25 

M-L 40.0 7.9 35 - 44 37.2 4.8 34 - 39 0.31 

A-P 47.7 20.4 35 - 59 45.3 15.2 38 - 52 0.90 
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.t.3.2 Peak torque of the knee extensor / flexor muscle groups 

Descriptive statistics of the peak torque data of the knee extensor and flexor muscle groups for all 

the groups at baseline are presented in table 4.16. 

Table 4.16 Peak torque measurements (Nm) of the knee extensor/flexor muscle groups at 
baseline for all the groups. Mean, standard deviation, 95% confidence interval 
and p values are given. 

Peak torque at pre-set Retirement Group Control Group 
angular velocities Mean SD 95% C.I Mean SD 95% c.I. p value 

Males Males 
Left knee extension @ 600 /s 125.8 33.1 109 -141 136.4 31.5 123 -149 0.29 
Left knee extension @ 1800/s 81.3 26.8 68 - 94 88.8 22.2 79-98 0.32 
Right knee extension @ 60° /s 124.9 46.7 102 - 147 134.2 32.3 120 -147 0.46 
Right knee extension @ 1800/s 80.2 31.7 64-95 87.2 19.0 79 - 95 0.37 
Left knee flexion @ 600/s 61.6 16.0 53 - 69 65.5 16.9 58 -72 0.45 
Left knee flexion @ 1800 /s 49.0 16.1 41 - 56 51.7 13.7 45 - 57 0.56 
Right knee flexion @ 600/s 64.2 20.2 54-73 70.3 16.4 63 -77 0.27 
Right knee flexion @ 1800/s 49.0 16.9 40 - 57 54.9 13.1 49 - 60 0.21 

Females Females 
Left knee extension @ 600/s 79.5 19.0 71 - 87 83.6 23.2 74-92 0.64 
Left knee extension @ 1800/s 48.3 10.6 43 - 53 50.4 15.1 44 - 56 0.58 
Right knee extension @ 600/s 77.9 15.6 71 - 84 85.3 23.6 76 - 94 0.26 
Right knee extension @ 1800/s 49.2 11.7 44 - 54 51.8 11.6 47 - 56 0.43 
Left knee flexion @ 600/s 37.4 8.6 33 - 41 39.4 10.6 35 - 43 0.32 
Left knee flexion @ 1800/s 28.8 7.0 25 - 31 28.9 6.7 26 - 31 0.73 

Right knee flexion @ 600/s 39.1 7.3 35 - 42 42.1 11.8 37 - 46 0.30 

Right knee flexion @ 1800/s 28.9 5.6 26 - 31 30.9 8.7 27 - 34 0.34 

There were no significant differences between the male retirement and male control group, or 

between the female retirement and female control group for any of the peak torque variables 

(p>O.05). In table 4.16, looking at the mean peak torque values the male control group may 

appear to be slightly stronger than the male retirement group. Figures 4.21 and 4.22 display the 

wide variety of cases including the outliers. 
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Figure 4.21 Peak torque knee extension @ 60 
degls (left limb) for all the groups 
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.t.3.3 Lower limb joint range of motion 

Descriptive statistics of the joint range of motion data for all the groups at baseline are presented 

in table 4.17. The analysis revealed no significant differences between the male retirement and 

male control group, or between the female retirement and female control group for any of the 

joint range of motion variables (p>0.05). 

Table 4.17 Lower limb range of motion measurements (degrees) for all the groups at 
baseline. Mean, standard deviation, 95% confidence interval and p values are 
gIven. 

J oint range of Retirement Group Control Group 
motion Mean SD 95% C.I Mean SD 95% c.1. p value 

Males Males 
Left Ankle ROM 51.3 6.8 47 - 54 47.2 5.9 44 - 49 0.11 
Left Knee Flexion 131.5 6.4 128 - 134 130.5 7.8 127 - 133 0.90 t 
Left Hip Extension 8.5 4.4 6 - 10 8.2 2.7 7-9 0.81 
Right Ankle ROM 48.0 8.4 43 - 52 45.1 6.0 42 - 47 0.35 
Right Knee Flexion 131.8 5.1 129 - 134 130.4 8.1 127 - 133 0.74 t 
Right Hip Extension 10.3 3.0 8 - 11 9.2 3.8 7 - 10 0.38 

Females Females 
Left Ankle ROM 50.7 7.4 47 -54 52.6 6.3 50 - 55 0.56 
Left Knee Flexion 130.8 6.1 128 - 133 131.7 5.1 129 - 133 0.58 t 
Left Hip Extension 12.3 4.3 10 - 14 11.2 3.6 9 - 12 0.26 
Right Ankle ROM 48.4 7.9 44- 52 51.2 7.7 48- 54 0.29 
Right Knee Flexion 131.1 7.7 127 - 134 130.8 7.6 127 - 133 0.81 t 
Right Hip Extension 13.8 4.5 11 - 15 12.6 5.0 10 - 14 0.33 

t Non parametric test 

4.3.4 Physical activity levels 

Descriptive statistics of the physical activity level scores (both at work, and at home, leisure and 

sport) for all the groups at baseline are presented in table 4.18. No significant differences were 

found between the male retirement and male control group, or between the female retirement and 

female control group. 

Table 4.18 Reported physical activity level scores at baseline for all the groups. Mean, 
standard deviation, 95% confidence interval and p values are given. 

Physical activity Retirement Group Control Group 
score Mean SD 95% C.I. Mean SD 95% C.I. p value 

Males Males 

Work 2.5 0.5 2.2 -2.8 2.6 0.7 2.3 -2.9 0.54 

Home/Leisure/Sport 8.5 4.3 6 - 11 10.8 5.2 8 -13 0.12 

Females Females 
Work 2.4 0.5 2.2 -2.6 2.6 0.6 2.4 - 2.8 0.26 

Home/Leisure/Sport 9.7 5.0 7 - 11 8.9 5.0 7 - 10 0.60 
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4.3.5 SUllllllary 

The following is a review of the null hypotheses tested on the baseline data between the gender 

groups in the retirement and control groups:-

1. There is no significant difference in balance performance between the male 

retirement group and male control group. Accepted 

ii. There is no significant difference in balance performance between the female 

retirement group and female control group. Accepted 

Ill. There is no significant difference in lower limb strength between the male 

retirement group and male control group. Accepted 

IV. There is no significant difference in lower limb strength between the female 

retirement group and female control group. Accepted 

Y. There is no significant difference in joint range of motion between the male 

retirement group and male control group. Accepted 

Y1. There is no significant difference in joint range of motion between the female 

retirement group and female control group. Accepted 

vii. There is no significant difference in physical activity scores at work between the 

male retirement group and male control group. Accepted 

Vlll. There is no significant difference in physical activity scores at work between the 

female retirement group and female control group. Accepted 

IX. There is no significant difference in physical activity scores within the home, 

leisure and sports between the male retirement group and male control group. 

Accepted 

x. There is no significant difference in physical activity scores within the home, 

leisure and sports between the female retirement group and female control group. 

Accepted 

4.3.6 Discussion 

No significant differences were found between the female retirement and female control group, 

or between the male retirement and male control group for any of the measurement variables 

(p>O.05). 
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4.3.7 Conclusion 

The initial assessments have shown no significant differences between the male retirement group 

and male control group, or between the female retirement group and female control group for any 

of the measured variables at the start of this project. 

4.4 SUlnlnary of baseline findings 

• In these initial measurements, no significant differences were found between the retirement 

and control group for any of the measured variables. 

• No significant differences were found between the female retirement and female control 

group, or between the male retirement and male control group for any of the measured 

variables. 

• When comparing males and females, as to be expected, a significant difference was found in 

body mass, height and peak torque per unit bodyweight of the knee extensor/flexor muscle 

groups. Differences were also found in ankle ROM and hip extension ROM. Gender 

differences were also seen in several balance performance trials, however these differences 

were removed once the data was normalised for height. 

• The average peak torque values exhibited by both gender groups were substantially lower 

than previously reported studies of similar age groups and body size. 

• Half the group experienced difficulty performing the single limb stance balance task for 30 

seconds. 

• One third of the group were sedentary (not participating in enough physical activity to obtain 

health benefits) 
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5. LONGITUDINAL STUDY: FOLLOW UP RESULTS AT 

6 MONTHS AND 12 MONTHS 

Participants were invited to attend for repeat assessments at 6 and 12 months post their initial 

assessment. The measurement procedures were identical to those undertaken for the baseline 

assessments. To maintain consistency, participants were recalled for repeat assessments at the 

same time of day (± 1 hour) as their initial visit. Furthermore, the temperature in the Human 

Movement Laboratory was kept constant (25 ± 2°C). 

Participant Drop Out Rate 

The number of dropouts for this study was six as detailed in table 5.1. The reasons for drop out 

were moving away from the area (n=3), ill health (n=l), and failure to show for repeat 

assessments (n=2). 

Table 5.1 Number of participants attending assessments at baseline, 6 months and 12 months. 

Number of partici pants Number of 
Group Gender Baseline 6 Months 12 Months drop outs 

Male 19 19 19 0 
Retirement 

Female 22 20 19 3 
Male 25 25 24 1 

Control 
Female 31 31 29 2 
Total 97 95 91 6 

This chapter reports the results of the baseline, 6 month and 12 month data. The data was 

analysed in order to investigate whether retiring from full time employment had a significant 

effect on lower limb strength, balance performance, joint range of motion and habitual physical 

activity levels, compared to the control group who remained in full time employment during the 

period of the study. 

As reported in section 3.4, repeated measures ANOV A was used to investigate any differences in 

measurements between the retirement group and control group during the period of the study. 

The between-subject factor was 'group' (retirement and control) and the within-subject factor 

was 'visit' (baseline, 6 months and 12 months). This statistical test was used to investigate 

whether the time of visit (baseline, 6 months or 12 months) influenced the selected measurement 
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variable differently between the retirement and control groups. This is expressed in terms of a 

visit x group interaction. If the data was not normally distributed the square root of the value was 

taken. If this did not normalise the distribution of the data the raw data was log transformed in 

order to be able to use the ANOV A test. Details of which procedure was used for each variable 

are given in the relevant section. For ease of interpretation, raw data are used in all graphs and 

tables. 

5.1 Retirellient group vs Control group 

Before retiring (at baseline), no significant differences were found between the retirement group 

and the control group for any of the measurement variables (p>O.OS) (see section 4.1). 

To investigate whether retirement caused a sudden change in physical performance the following 

null hypothesis were tested:-

1. There is no significant visit (baseline/6 monthsl12 months) x group 

(retirement/control) interaction in balance performance (the range of CoP 

displacement) 

ii. There is no significant visit (baseline/6 monthsl12 months) x group 

(retirement/control) interaction in lower limb strength (peak torque of the knee 

extensor/flexor muscles) 

111. There is no significant visit (baseline/6 monthsl12 months) x group 

(retirement/control) interaction in joint range of motion (ankle, knee, hip) 

IV. There is no significant visit (baseline/6 monthsl12 months) x group 

(retirement/control) interaction in physical activity scores at work 

v. There is no significant visit (baseline/6 monthsl12 months) x group 

(retirement/control) interaction in physical activity scores within the home, 

leisure and sports 

Descriptive statistics for the retirement and control group at baseline, 6 months and 12 months 

are presented in table S .2. As the data was not normally distributed, the data was log 

transformed. Statistical analysis of the body mass measurements showed no significant group x 

visit (F (1.8, ISS) = 1.00, P = 0.36) interaction: the average body mass remained constant for both 

groups throughout the study. 
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Table 5.2 Body mass (kg) at baseline, 6 months and 12 months. Mean, standard deviation 
and 95% confidence intervals are given. 

Body mass Retirement Group Control Group 
(kg) Mean SD 950/0 CI Mean SD 95% CI 

Baseline 75.7 16.7 70 - 81 75.6 10.9 72 -78 
6 Months 76.0 16.7 70 - 81 75.7 1l.1 72 -78 
12 Months 76.0 16.4 70 - 81 75.7 10.5 72-79 

5.1.1 Balance performance 

Descriptive statistics of the balance performance tasks for the retirement and control groups at 

baseline, 6 months and 12 months are presented in table 5.3. As the data was not normally 

distributed, for the feet together balance tasks and the right limb stance data, the square root of 

the value \\'as taken. The single limb stance left limb data was log transformed. In all balance 

tasks there \\'ere no significant group x visit (p>0.05) interactions in the range of CoP 

displacement in either the medial-lateral or anterior-posterior planes. 

Table 5.3 

Balance 
task 

FTEO 

FTEC 

SLS Left 

SLS Right 

Balance performance measurements at baseline, 6 and 12 months for the 
retirement and control groups. Range of CoP displacement (rum) mean, standard 
deviation and 95% confidence interval are given. 

Plane Visit Retirement Group Control Group 
Mean SD 95%CI Mean SD 95%CI 

M-L Baseline 26.6 7.3 24-29 26.1 8.5 23-29 
6 months 27.4 6.9 25-29 26.9 8.3 24-29 
12 months 24.7 6.9 25-29 26.1 7.3 24-28 

A-P Baseline 24.2 5.9 22-27 23.7 5.1 22-25 
6 months 24.8 7 22-27 24.8 5.8 23-26 
12 months 24.5 6.5 22-27 25.4 7.0 23-27 

M-L Baseline 33.4 13.5 28-38 3l.9 9.4 29-35 
6 months 34 10.5 30-37 32.4 10.6 29-35 
12 months 33.2 1l.1 29-37 32.7 1l.8 29-36 

A-P Baseline 29.0 8.1 26-32 29.6 8.0 27-32 
6 months 29.9 7.9 27-32 30.9 8.5 28-33 
12 months 30.4 8.1 27-33 30.2 6.7 28-32 

M-L Baseline 4l.8 12.7 37-47 42.4 14.0 38-47 
6 months 39.2 9.4 35-42 37.7 6.1 35-39 
12 months 4l.9 13.2 36-47 39.1 6.2 37-41 

A-P Baseline 45.3 14.2 40-51 45.3 16.7 40-51 
6 months 46.9 18.1 40-53 40.9 8.8 38-43 
12 months 43.8 13.4 38-49 42.4 9.8 39-46 

M-L Baseline 43.2 10.6 39-47 38.9 7.5 36-41 
6 months 4l.9 8.3 38-45 40.0 6.8 38-42 
12 months 39.5 9.3 36-43 4l.3 8 38-44 

A-P Baseline 48.7 24.8 42-60 44.4 16.0 40-49 
6 months 45.5 14.1 40-51 46.3 1l.6 42-50 
12 months 44.2 15.5 38-50 46.9 15.8 41-52 
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Whilst overall no significant differences were found, there was one individual in the retirement 

group (ID 42) who showed a marked reduction in the range of CoP displacement (case study 

reported in box overleaf). This person showed a substantial reduction in the range of CoP 

displacement in both balance tasks (feet together: eyes open and eyes closed) during the initial 6 

months, particularly in the medial-lateral plane. This was the same person noted as an outlier 

during the baseline balance assessments, displaying the largest CoP displacement values in the 

retirement group (figures 4.4 - 4.6). Figure 5.1 displays data from a selection of individuals in 

the retirement group (including ID 42) performing the feet together eyes closed balance task who 

showed major individual variations compared to the rest of the group. 

Case study (1) 

ID: 42 (Mrs B) Age 57. Occupation: Sister (Health Professional). 

On entry to the study Mrs B reported falling twice during the previous 12 months. She was 
not taking any medication, and reported no visual impairments. The baseline assessment was 
undertaken 1 week pre-retirement. 

Pre-retirement 
Mrs B commented that she undertook the minimal level of activity outside of the workplace 
(physical activity score of 3.3). Her husband undertook all the household tasks (eg. shopping, 
cooking, housework). For the balance tasks (FTEO, FTEC) Mrs B displayed the highest range 
of CoP displacement measures, and was the weakest person joining the study producing < 50% 
peak torque per unit body-weight of the knee extensors @ 60 deg/s. 

Post-retirement 
Mrs B had changed her lifestyle significantly by taking on several new activities. She joined a 
gymnasium and went 5 mornings a week where she walked on a treadmill, used the cross 
trainer and cycled, she also took up bowls (indoor & outdoor), and 6 months post retirement 
joined weekly line dancing classes. Her activity levels had increased by 250%. She 
significantly reduced her range of CoP displacement for all balance tasks, had gained lower 
limb strength, and also saw improvements in ankle and hip joint range of motion. 
Furthennore, she had not had any falls since retiring. 
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Figure 5.1 

Baseline 6 Months 

Visit 

12 Months 

Eyes Closed (feet together): CoP Range (M-L) for a selection of individuals in 
the retirement group, and the average for the whole retirement group 

For the more challenging single limb balance trials, both groups had several individuals showing 

substantial between-visit variability. Figure 5.2 shows a selection of individuals in the retirement 

group. 
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Single limb stance (right): CoP Range (A-P) for a selection of individuals in the 
retirement group, and the average for the whole retirement group. 

Furthermore, the number of individuals who failed to perform a single limb stance on either limb 

varied at baseline, 6 and 12 months. Table 5.4 shows the percentage of participants failing to 

complete the single limb stance balance trials for 30 seconds (bilateral average), indicating that in 
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both the retirement and control group there was an increase in the number of individuals who 

failed to perform a single limb stance at 12 months compared to baseline. 

Table 5.4 Percentage of retirement and control group who failed to perform the single limb 
stance balance trials at each visit 

Percentage who Baseline 6 months 12 months 
failed the SLS 
Retirement 20% 22% 22% 
Control 170/0 14% 21% 

5.1.2 Peak torque of the knee extensor/flexor muscle groups 

Descriptive statistics of the peak torque data of the knee extensor and flexor muscle groups for 

the retirement and control groups at baseline, 6 months and 12 months are presented in table 5.5. 

Table 5.5 

Limb I Task 
I 

Ext@ 
60o/s 

• 
I Ext@ 
I 180o/s 

Left D 

Flex rev 
'eJ 

60o/s 
I. 

Flex@ 
180o/s 

• 
Ext@ 
60o/s 

• 
Ext@ 

Peak torque measurements (Nm) of the knee extensor/flexor muscle groups 
at baseline, 6 months and 12 months for the retirement and control groups. 
Mean, standard deviation and 95% confidence interval are given. 

Retirement Group Control Group 
Visit Mean SD 95% C.1. Mean SD 95% C.1. 

Baseline 101.0 35.0 90-112 107.5 37.8 97-118 
6 Months 106.7 41.4 93-120 111.2 39.7 100-122 
12 Months 108.1 39.8 94-121 113.5 37.9 103-124 
Baseline 63.6 25.7 55-72 67.8 26.7 60-75 
6 Months 68.5 28.5 60-78 72.2 26.4 65-80 
12 Months 69.9 27.4 60-79 75.7 26.2 68-83 
Baseline 48.6 17.4 43-54 51.2 18.9 46-56 
6 Months 52.7 21.4 46-60 56.6 21.9 50-63 
12 Months 54.7 20.6 47-62 57.5 22.1 51-64 
Baseline 38.1 15.6 33-43 39.7 16.0 35-44 
6 Months 39.1 15.4 34-44 42.7 15.8 38-47 
12 Months 41.3 16.4 35-47 42.5 15.8 38-47 
Baseline 99.7 40.9 87-113 107.4 36.9 97-118 
6 Months 104.9 41.0 92-118 110.5 39.2 99-122 
12 Months 104.2 41.6 90-118 109.8 38.7 99-121 
Baseline 63.5 27.7 55-72 67.8 23.4 61-74 

29.4 58-77 72.5 26.4 180o/s 6 Months 67.3 65-80 
! Right D 12 Months 67.9 30.4 57-78 73.7 26.6 66-81 
I 
! Flex@ Baseline 51.6 19.3 45-57 54.9 19.9 49-60 

60o/s 6 Months 50.3 20.3 44-60 57.2 22.1 51-64 
D 12 Months 53.7 21.4 46-61 59.3 22.2 52-65 

Flex@ Baseline 38.2 15.8 33-43 41.8 16.2 37-46 

180o/s 6 Months 38.7 16.1 33-44 42.7 16.4 38-47 

D 12 Months 40.0 16.8 34-46 43.2 16.3 38-48 

• Square root of the value was taken D Data was log transformed 
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As the data was not normally distributed, the square root of the data was taken or the data was log 

transformed. The statistical analysis revealed increases (p<0.05) in all peak torque measurements 

during the study, with no significant group x visit interactions for all measurements except right 

knee flexion at 60 deg/s. At six months a significant interaction was found between the groups 

for the right knee flexor muscle group at 60 deg/s [F (1,84) = 3.70, p = 0.05], displayed in figure 

5.3; the retirement group showed an initial decrease in peak torque, followed by an increase 

between six and 12 months. In contrast, the control group showed a slight increase throughout 

the study. 

Figure 5.3 
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Mean and 95% C.1. peak torque knee flexion at 60 degls (right limb) for the 
retirement and control groups at each visit. 

There were several individuals who showed considerable increases or decreases in peak torque 

production post retirement (see figure 5.4). Similar fluctuations were also found in a few 

participants in the control group. The average increase in peak torque at six months post 

retirement was 7%, and at twelve months was 7.5%. However, individual increases in peak 

torque production were seen at six months post retirement of 70% (ill 1) and 30% (ill 42), and at 

twelve months post retirement of 45% (ill 35). For these individuals, the increase in peak torque 

corresponded to increases in reported physical activity levels within the home/leisure/sports. 

ill 1 reported an increase in activity levels at six months (18%) and twelve months (4%). ill 42 

also reported increases in activity levels at six months (195%) and twelve months (252%). ill 35 

reported an increase in activity levels of 137% and 231 % at six and twelve months. Decreases in 

peak torque production were seen at six months post retirement of 27% (ill 44), and at twelve 

months post retirement of23% (ill 93), corresponding to reductions in physical activity levels at 

six months of 78% (ill 44) and 27% (ill 93). 
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Figure 5.4 Peak torque knee extension @ 60 deg/s (left limb) for a selection of individuals 
in the retirement group, and the average for the whole retirement group. 

5.1.3 Lower limb joint range of motion 

Descriptive statistics of the joint range of motion data for the retirement and control groups at 

baseline, 6 months and 12 months are presented in table 5.6. The ankle range of motion (left and 

right limb) and knee flexion range of motion (right limb) data followed the normal distribution 

pattern. For the knee flexion data (left limb) and hip extension data (left and right limbs) the 

square root of the values were taken. 

Table 5.6 Lower limb range of motion data (degrees) for the retirement and control groups 
at baseline, 6 months and 12 months. Mean, standard deviation and 95% 
confidence interval are given. 

Retirement Groug Control Group 
I Limb Task Visit Mean SD 95% c.I. Mean SD 95% c.I. 

Ankle Baseline 51.0 7.0 49-53 50.1 6.6 48-52 
ROM 6 Months 51.2 7.0 48-53 50.5 6.3 48-52 

12 Months 51.0 6.6 48-53 50.9 7.1 48-53 
Knee Baseline 131.0 6.1 129-133 131.1 6.4 129-133 

Left Flexion 6 Months 133.0 5.5 131-135 132.0 6.7 130-134 
12 Months 133 .6 5.5 131-135 132.7 6.2 131-134 

Hip Baseline 11.0 4.8 9-13 9.5 3.7 8-11 
Extension 6 Months 10.7 3.9 9-12 9.5 3.5 8-11 

12 Months 10.5 4.3 9-12 11 3.1 10-12 
Ankle Baseline 48.2 8.1 46-51 48.4 7.6 46-51 
ROM 6 Months 48.8 8.3 46-52 48.0 7.8 46-50 

12 Months 48 .6 8.5 45-51 48.5 7.7 46-51 
Knee Baseline 131.4 6.6 129-134 130.6 7.7 129-133 

Right Flexion 6 Months 132.7 7.3 130-135 130.5 7.9 128-133 
12 Months 133.1 6.6 130-135 131.4 7.5 129-133 

Hip Baseline 12.5 4.2 11-14 11.0 4.6 10-12 
Extension 6 Months 10.5 4.0 9-11 9.7 3.3 9-11 

12 Months 10.1 2.8 9-11 10.7 2.8 10-12 

130 



There were no significant group x visit interactions in either the ankle or knee joint range of 

motion data, whilst in the hip extension data of the left limb a significant group x visit interaction 

(F (2, 152) = 4.25, p = 0.016) was found. An average change in hip extension of -0.5 degrees 

was seen in the retirement group, and a change of + 1.5 degrees in the control group. The group x 

yisit interaction was also significant (F (1.7, 140) = 3.0, p = 0.05) for hip extension data of the 

right limb; with a change over 12 months of -2.4 degrees in the retirement group, compared to a 

change of -0.3 degrees in the control group. Figure 5.5 shows the spread of hip extension values 

within both the retirement and control groups. 

Figure 5.5 
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5.1.4 Physical activity levels 

Descriptive statistics of the physical activity level scores (both at work, and at home, leisure and 

sports) for the retirement and control groups at baseline, 6 months and 12 months are presented in 

table 5.7. To meet the normal distribution, the activity level at work data was log transformed, 

and for the activity level within the home, leisure and sports the square root of the value was 

taken. 
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Table 5.7 

Physical 
activity 

score 
I 
I 

Work 

Home, 

I leisure & 

i sports 

Reported physical activity level scores at baseline, 6 months and 12 months for 
the retirement and control groups. Mean, standard deviation and 95% 
confidence interval are given. 

Retirement Group Control Group 
Visit 

Mean SD 95% C.1. Mean SD 95% C.1. 

Baseline 2.49 0.52 2.3-2.7 2.65 0.67 2.5-2.8 
6 Months 0 0 0 2.65 0.63 2.5-2.8 
12 Months 0 0 0 2.64 0.71 2.4-2.8 
Baseline 9.17 4.7 7.6 - 10.6 9.86 5.2 8.4-11.2 
6 Months 1l.02 4.8 9.4 - 12.5 9.78 5.3 8.3 - 1l.2 
12 Months 12.4 4.6 10.9 - 13.9 10.1 5.27 8.6 - 1l.5 

As expected, there was a significant difference in reported activity levels at work post baseline 

between the groups as all participants in the retirement group had ceased full time employment. 

The level of activity at work for the control group remained constant during the study. For the 

physical activity levels reported at home (including household, leisure and sports activities) a 

significant group x visit interaction was found (F (l.8, 159.9) = 15.56, P =0.000). Figure 5.6 

shows that the activity score for the control group remained constant, whilst there was a marked 

increase in score for the retirement group. 

Figure 5.6 
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household, leisure and sports activities) for the retirement and control groups at 
each visit. 

The amount of reported change in activity levels post retirement varied substantially for 

individuals within the group. Twenty one percent of the group reported a change of between 0 

and -50% (i.e. a slight reduction in activity); whilst the majority of the group (50%) reported 
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changes of between + 1 to +50% from their baseline scores. The rest of the group reported even 

greater increases in activity levels from their baseline levels, as shown in figure 5.7. 

Figure 5.7 
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Pie chart displaying the percentage change in physical activity scores at home 
(including household, leisure and sports activities) 12 months post retirement. 

Table 5.8 compares the changes from baseline to 12 months post retirement for each of the 

measurement variables. It compares those participants who reported no change/or a slight 

reduction in activity levels (between -50% to 0% change) with those participants who reported 

substantial increases in activity levels (> than 151 % from their baseline scores). For the majority 

of balance tasks a slight reduction in the range of CoP displacement was exhibited by both 

groups. Those who reported being more active post retirement showed a greater reduction in the 

range of CoP displacement whilst standing with the feet together (eyes open and eyes closed) 

than those who reported a reduction/no change in activity. The results for the single limb stance 

balance task are inconclusive, as no clear pattern is seen. Increases in peak torque production 

were seen for both groups, although the increase in peak torque of the quadriceps muscle group 

were greater for those who had increased their activity levels, compared with the participants 

who had reduced/or not changed their activity levels post retirement. Little difference was seen 

in the amount of change for ankle and knee joint mobility between the groups. Those who 

reported substantial increases in their activity levels exhibited increases in hip extension joint 

motion compared to those who reported reductions in activity levels, showing no change in hip 

extension joint motion. 
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Table 5.S 

-~ 

i 

i 

! 

I 
I 

I 

I 

I 

The average percentage change between baseline and 12 months for each 
measurement variables for those who substantially increased their activity levels, 
and those who reported a slight reduction or no change in activity levels. 

Reduction (or no Substantial 
change) in activity 

. . 
Increase III 

Parameter Task score activity score 
(n=S) (n=S) 

Percentage change from baseline 

1--
I Eyes open (M-L) -3 -4 

EJ"es open (A-P) 2 -10 
Range of CoP Eyes closed (M-L) -1 -10 

(mm) * Eyes closed (A-P) -3 -1 

I 

Single limb (M-L) -4 -3 
Single limb (A-P) -1 -4 
Extension @ 60/s 4 13 

Peak Torque Extension @2 IS0/s 3 9 
(Nm) Flexion @ 60/s 9 11 

Flexion @ IS0/s 15 16 
Ankle ROM 1 2 

ROM (degrees) Knee flexion 2 3 
Hip extension 0 4 

* For the range of CoP displacement, a negative value denotes improved performance 

It can be seen from the table that the reported changes in activity levels may not necessarily relate 

to the actual change seen in physiological performance. This may be due to the fact that a 

participant may have recorded a large percentage increase in physical activity levels, but may not 

necessarily have been active enough to show improvements in physical performance (especially 

if they were non-active pre-retirement). For example, a participant could have recorded an 

extremely low physical activity score of 2 pre-retirement, which then increased to 6 post 

retirement. The percentage change would be a 200% increase in physical activity levels, 

although this increase would be minimal in terms of their actual activity when considering the 

score could range from zero up to approximately 120 (detailed in section 2.4). 

Post retirement the majority of the group reported spending more time participating in already 

pre-existing activities/hobbies within the home (gardening and/or DIY), leisure (walking, 

swimming, gym) or sports (cycling, golf). Six months post retirement 53% of the group 

reported having commenced new/additional physical leisure activities (not undertaken pre

retirement), and at 12 months post retirement 26% reported having commenced further 

activities not previously undertaken (at pre-retirement or 6 months post retirement). 
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Relationships betH'cCIl variables 

At this stage, a subset of null hypotheses were formed to investigate whether any perceived 

change in physical activity levels (obtained via the activity questionnaires) were associated with 

changes in balance performance, lower limb strength and joint range ofmotion:-

VI. There is no significant correlation between the change in physical activity levels 

and the change in balance performance (the range of CoP displacement) 

vii. There is no significant correlation between the change in physical activity levels 

and the change in lower limb strength (peak torque of the knee extensor/flexor 

muscles) 

Vlll. There is no significant correlation between the change in physical activity levels 

and the change in joint range of motion (ankle, knee, hip) 

Correlations on the difference in variables between baseline and 12 months were assessed by 

calculating Spearman's Rho. The significant relationships found between the variables are 

displayed in figure 5.8. 

Figure 5.8 
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Significant correlation found on the difference in variables between baseline and 
12 months for the whole group. The solid line denotes positive correlation, 
dashed line denotes negative correlation (significant at the 0.05 level). 

As might have been expected, reductions in physical activity levels within the workplace were 

related to increased physical activity levels within the home, leisure and sports (r = -0.32, 
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p = 0.002). Additionally, increased physical activity levels within the home, leisure and sports 

were associated with improvements in balance performance, exhibited by a reduction in the range 

of CoP displacement in the medial-lateral plane whilst performing the single limb stance 

(r = -0.36, P = 0.003). Interestingly no relationships were identified between changes in physical 

activity levels and measurements of lower limb strength (peak torque) or joint mobility (ankle, 

knee or hip joint ROM). 

Significant correlations were found between changes in several of the physical performance 

measurements. Increases in peak torque production of the knee extensor muscle group at 180 

deg/s were correlated with reductions in the range of CoP displacement in the medial-lateral 

plane whilst standing with the feet together, eyes open (r = -0.31, p =0.002) and eyes closed 

(r = - 0.22, P =0.03). Increases in the peak torque production of the knee flexor muscle group at 

60 and 180 deg/s were correlated with increases in ankle and hip joint range of motion (p < 0.05). 

Additionally, reductions in the range of CoP displacement (both planes) exhibited whilst 

performing the single limb stance trials were correlated with increases in knee flexion ROM 

(r = - 0.29, P =0.01), and increases in ankle joint ROM (r = -0.27, p =0.02). 

The results from the null hypotheses investigating whether the perceived change in physical 

activity levels were associated with changes in physical performance are reported below:-

VI. There is no significant correlation between the change in physical activity levels 

and the change in balance performance (the range of CoP displacement). 

Rejected 

vii. There is no significant correlation between the change in physical activity levels 

and the change in lower limb strength (peak torque of the knee extensor/flexor 

muscles). Accepted 

VIn. There is no significant correlation between the change in physical activity levels 

and the change in joint range of motion (ankle, knee, hip). Accepted 
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5.1.5 Summary 

The following is a review of the main null hypotheses tested investigating the influence of 

retirement on each of the measurement parameters:-

1. There is no significant visit (baseline/6 monthsl12 months) x group 

(retirement/control) interaction in balance performance (the range of CoP 

displacement). Accepted 

ii. There is no significant visit (baseline/6 monthsl12 months) x group 

(retirement/control) interaction in lower limb strength (peak torque of the knee 

extensor/flexor muscles). Accepted 

111. There is no significant visit (baseline/6 monthsl12 months) x group 

(retirement/control) interaction in joint range of motion (ankle, knee, hip). 

Mostly Accepted 

IV. There is no significant visit (baseline/6 monthsl12 months) x group 

(retirement/control) interaction in physical activity scores at work. Rejected 

v. There is no significant visit (baseline/6 monthsl12 months) x group 

(retirement/control) interaction in physical activity scores within the home, 

leisure and sports. Rejected 

The statistical analysis has shown that the visit (baseline, 6 or 12 months) did not influence the 

majority of the measurement variables (balance performance, peak torque production and joint 

range of motion) differently for the retirement and the control group. However, significant 

interactions were seen for the range of motion of the hip j oint (left and right limb), and for the 

reported physical activity levels. 

For the majority in the retirement group, there were no major changes in performance between 

visits, although there was one individual in particular (ill 42) who reported positive lifestyle 

changes post retirement, which were reflected in improvements in performance at follow up 

assessments (Figures 5.1 and 5.4). ill 42's case study is reported in section 5.1.2. In contrast, 

one individual (ill62) in the retirement group highlighted the negative effect of becoming less 

active after retiring from an active profession, exhibiting a decline in performance in all 

parameters after six months. This case study is reported in the box below. 
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Case study (2) 

ID: 62 (Mr B) Age: 61 Occupation: Electrician 

Pre-retirement 
At baseline, this male reported higher physical activity scores, both at work (3) and at home, leisure 
and sports (14.6) than the average value reported. Reported activities included gardening, household 
chores and walking (around town). During the balance tasks his range of CoP displacement was 
similar to the group's average. Whilst his peak torque was lower than the average male, his peak 
torque per unit bodyweight was average. Mr B exhibited greater hip extension than average (13°). 

Post-retirement 
Six months post retirement Mr B reported a 13% reduction in physical activity levels undertaken 
"ithin the home, leisure and sports, even though he had joined a gymnasium where he cycled and 
used a cross trainer five mornings a week. Whilst performing the feet together balance tasks his 
range of CoP displacement had increased by 30% (eyes open) in both planes, and by 15% (eyes 
closed) in the medial lateral plane only. He failed to perform the single limb stance on the right 
limb. Reductions in peak torque were seen in both muscle groups (> 1 0% reduction). Small 
reductions were also seen in lower limb range of motion (~5%). 

Twe lye months post retirement Mr B reported a 28% increase in physical activity levels within the 
home/leisure/sports (above baseline). His balance performance and ankle joint range of motion 
values were similar to those at baseline, but his peak torque production remained fairly constant. 
However, as Mr B had gained in body mass (~5 kg) over the 12 months, his peak torque per unit 
bodyweight reduced significantly. 

F or the more challenging balance task of standing on one limb, a reduction was seen in the 

number of people, in both groups, able to perform the task at 12 months as compared to baseline. 

There was also greater within-subject variability between assessments for a number of 

individuals, as shown in Figure 5.2. ill 55 showed a dramatic decrease (46%) in the range of 

CoP displacement at 6 months post retirement, whilst having reported a substantial increase in 

physical activity levels within the home/leisure/sport of 41 % at 6 months. In contrast, ill 3 stood 

rigidly showing minimal displacement during the baseline assessment, and at 6 months had an 

increase in the range of CoP displacement by 280% (whilst reported physical activity levels 

decreased by 27%), and at 12 months the range of CoP displacement decreased to 36% above 

baseline (activity levels were 5% above baseline). Conversely ill 81 only showed an increase in 

CoP displacement at 6 months (activity levels did not change post retirement). 

Small but statistically significant increases were seen in all peak torque measurement variables 

for both groups. Initially, a significant group x visit interaction was found in the peak torque 

production of the right knee flexor muscle group at 60 deg/s between the baseline and 6 month 

data, with the retirement group showing an initial decrease in peak torque compared to the 

control group. However, no interaction was seen at 12 months as the retirement group showed an 

increase in peak torque between six and 12 months post retirement. 
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The mean difference in the lower limb joint ROM data between the groups at both six and twelve 

months was minimal. Whilst statistically significant differences were found between the 

retirement and control group for the hip extension range of motion data, the difference was not 

clinically significant (2 degrees). Furthermore, the mean difference was less than the expected 

nleasurement error (SEM) found whilst carrying out the reliability study (see section 2.4.5). 

At both six and 12 months, there were significant differences between the retirement and control 

group for reported physical activity level scores at home, leisure and sport. The activity level of 

the control group remained constant whilst, as expected due to the increase in time available to 

pursue leisure activities, the activity level of the retirement group increased. The amount of 

reported change in physical activity levels post retirement varied substantially. 

It was of interest to note that the reported change in physical activity levels between baseline and 

12 months \vere generally not significantly related to changes in the physical performance (with 

the exception of the single limb stance balance task data). This may be due to the reported 

changes in physical activity levels being a subjective value of how each participant perceives 

their activity levels to have changed during the 12 months. 

After completing the analysis investigating any differences between the retirement group and the 

control group during the period of the study it was decided to investigate whether there were any 

gender differences in the rate of change for each of the measurement variables during the 12 

month period, as the prevalence of falls is generally higher in females than in males. 
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5.2 Gender differences (male vs female) 

Before retirement (at baseline), significant differences were found between the gender groups for 

the following measurement variables:- body mass, height, peak torque per unit body weight, 

ankle joint range of motion and hip extension range of motion (p<O.OS) (as detailed in section 

4.2). 

To investigate any differences in measurements between the gender groups a mixed design 

repeated measures analysis of variance (ANOV A) was used. The between-subject factor was 

'Gender' (male and female) and the within-subject factor was 'Visit' (baseline, 6 months and 12 

months). 

To investigate whether any gender differences existed in change in physical performance during 

the 12 month period the following null hypothesis were tested:-

1. There is no significant visit x gender interaction in balance performance (the 

range of CoP displacement) 

ii. There is no significant visit x gender interaction in lower limb strength (peak 

torque of the knee extensor/flexor muscles) 

111. There is no significant visit x gender interaction in joint range of motion (ankle, 

knee and hip) 

IV. There is no significant visit x gender interaction in physical activity scores at 

work 

v. There is no significant visit x gender interaction in physical activity scores 

within the home, leisure and sports 

Statistical analysis of the body mass measurements showed no significant gender x visit (F (1.77, 

IS7) = 0.84, p =0.43) interaction: the average body mass remained constant for both groups 

throughout the study. 

5.2.1 Balance performance 

In all the balance tasks, there were no significant gender x visit interactions in the range of CoP 

displacement in either the medial-lateral or anterior-posterior planes (p>O.OS). During the 12 

months, there was a slight increase in the number of participants failing to complete the single 

limb stance balance trials for 30 seconds, as shown in table S.9. 
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Table 5.9 Percentage (bilateral average) of males and females who failed to perform the 
single limb stance balance trials at each visit 

Percentage who Baseline 6 months 12 months 
failed the SLS 
Males 190/0 20% 20% 
Females 20% 22% 240/0 

5.2.2 Peak torque of the knee extensor / flexor muscle groups 

A significant gender x visit interaction was found in the peak torque production of the knee 

extensor muscle group (left limb) at 180 deg/s (F (2,172) = 5.9, p =0.004). Figure 5.9 shows that 

the females had a mean increase in peak torque of 7.7 Nm, compared to a smaller increase of 5.4 

Nm for the males. No significant interactions were found for any of the other peak torque 

ariables between visits and gender groups. 
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Figure 5.9 Peak torque of the knee extensor muscle group (left limb) at 180 deg/s for gender 
groups. Mean and standard error bars displayed. 

5.2.3 Lower limb joint range of motion 

There were no significant gender x visit interactions for any of the lower limb joint range of 

motion measurement variables (p > 0.05). 

5.2.4 Physical activity levels 

The analysis showed no significant gender x visit interactions for the reported physical activity 

levels at work (F (1.54, 78.7) = 0.101, P =0.85), or the activity levels at home/leisure/sport (F 

(1.68, 149.8) = 0.14, P =0.83). 
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Six months post retirement 470/0 of the males, and 580/0 of the females reported having 

commenced new/additional physically active leisure activities (not undertaken pre-retirement), 

and at 12 months, 26% of both males and females reported having commenced further leisure 

activities (not previously undertaken). Table 5.10 displays gender differences in the type of 

physical activities reported to have been undertaken throughout the year. 

Table 5.10 Percentage of males and females who regularly participated in the most 
commonly reported physical activities 

Activity Males Females 
(%) (%) 

Badminton 2 4 
Bowls (indoor / outdoor) 2 4 
Cycling 23 15 
Dance (ballroom / jive / salsa / line) 5 17 

DIY 47 4 
Exercise Class (aerobics / tai chi / aqua fit) 2 19 

Gardening (varying intensities) 81 75 

Golf 14 8 

Gym (cardiovascular and / or weight training) 37 21 

Jogging 5 0 

Other (eg: fishing/ skiing/ stretching/ cooking/refereeing) 19 6 

Snooker 5 0 

Swimming 33 49 

Table Tennis 2 4 

Tennis 2 12 

Walking (off road! countryside) 33 25 

Yoga 0 10 

5.2.5 Summary 

The following is a review of the null hypotheses tested investigating gender differences over time 

for each of the measurement parameters:-

1. There is no significant visit x gender interaction in balance performance (the 

11. 

111. 

IV. 

range of CoP displacement). Accepted 

There is no significant visit x gender interaction in lower limb strength (peak 

torque of the knee extensor/flexor muscles). Mostly Accepted 

There is no significant visit x gender interaction in joint range of motion (ankle, 

knee and hip). Accepted 

There is no significant visit x gender interaction in physical activity scores at 

work. Accepted 
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v. There is no significant visit x gender interaction in physical activity scores 

within the home, leisure and sports. Accepted 

The analysis has shown that the visit (baseline, 6 or 12 months) did not influence the majority of 

the measurement variables (balance performance, joint range of motion and physical activity 

levels) differently for the male or female participants. However, significant interactions were 

seen for the peak torque produced by the knee extensor muscle group at 180 deg/s on the left 

limb, as the females showed a greater increase in peak torque compared to the males. 

After completing the analysis investigating any gender differences during the rate of change in 

lower limb strength, joint motion, balance performance and physical activity levels for all the 

participants it was decided to investigate whether there were any gender differences between the 

retirement group and control group for each of the measurement variables. The literature reports 

that women aged 65 and over are more prone to falling than men of the same age, therefore this 

further analysis was performed to investigate whether retirement had more of an influence on the 

rate of change of lower limb strength, balance performance, joint motion and physical activity 

levels differently for either of the gender groups. 
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5.3 Grouping differences 

Before retiring (at baseline), no significant differences were found between the male retirement 

group and the male control group, or between the female retirement group and the female control 

group for any of the measurement variables (p>O.05) (see section 4.3). 

To investigate any differences in measurements between the groups a mixed design repeated 

measures analysis of variance (ANOVA) was used. The between-subject factor was 'Grouping' 

(male retirement, male control, female retirement and female control) and the within-subject 

factor was 'Visit' (baseline, 6 months and 12 months). 

To inYestigate whether retirement caused a sudden change in physical performance the following 

null hypothesis were tested:-

1. There is no significant visit x grouping interaction in balance performance (the 

range of CoP displacement) 

ii. There is no significant visit x grouping interaction in lower limb strength (peak 

torque of the knee extensor/flexor muscles) 

111. There is no significant visit x grouping interaction in joint range of motion 

(ankle, knee, hip) 

1\,. There is no significant visit x grouping interaction in physical activity scores at 

work 

v. There is no significant visit x grouping interaction in physical activity scores 

within the home, leisure and sports 

5.3.1 Balance performance 

Descriptive statistics of the balance performance tasks for the male retirement, male control, 

female retirement and female control groups at baseline, 6 months and 12 months are presented 

in table 5.11. In all the balance tasks, there were no significant grouping x visit interactions in 

the range of CoP displacement in either the medial-lateral or anterior-posterior plane (p>O.05). 

Figures 5.10 and 5.11 show the spread of CoP displacement values whilst performing the single 

limb stance trials. Figure 5.10 displays the range of CoP displacement in the medial-lateral plane 

whilst performing the single limb stance on the left limb, in which both control groups display a 

wide spread at their initial visit, which is subsequently reduced at their 6 and 12 month 

assessment. 
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Table 5.11 

Balance 
task 

FTEO 

FTEC 

SLS Left 

SLS 
Right 

Figure 5.10 

Balance performance measurements at baseline, 6 and 12 months for all the 
groups. Range of CoP displacement (mm) mean and standard deviation are 
gIven. 

Male Male Female Female 
Plane Visit retirement control retirement control 

Mean (SD) 

M-L Baseline 28.5 (7.1) 26.7 (8.7) 25.1 (7.7) 26.2 (8.3) 
6 months 29.2 (7.7) 27.5 (9.2) 26.1 (5.5) 26.6 (7.7) 
12 months 27.3 (6.9) 26.8 (8.6) 22.2 (6.4) 25.6 (6.2) 

A-P Baseline 25.9 (4.8) 24.3 (5.0) 23.9 (8.0) 23.2 (5.0) 
6 months 27.2 (5.8) 26.3 (6.3) 22.8 (7.6) 23.6 (5.2) 
12 months 26.7 (6.5) 27.3 (8.2) 22.3 (5.9) 23.8 (5.5) 

M-L Baseline 37.5 (11.9) 36.0 (10.6) 29.3 (13.1) 29.6 (7.4) 
6 months 38.5 (1l.6) 34.8 (1l.0) 30.1 (7.4) 30.5 (10.3) 
12 months 37.3(11.4) 35.0 (13.9) 29.2 (9.4) 30.9 (9.7) 

A-P Baseline 32.3 (7.3) 32.0 (7.6) 27.4 (8.0) 28.5 (6.9) 
6 months 32.5 (7.2) 34.2 (9.7) 27.5 (8.0) 28.4 (6.6) 
12 months 33.9 (7.6) 32.0 (6.9) 27.0 (7.2) 28.8 (6.3) 

M-L Baseline 42.1 (6.8) 44.1 (13.1) 35.2 (5.0) 38.8 (12.5) 
6 months 40.6 (6.2) 39.8 (7.6) 34.4 (5.1) 35.6 (3.9) 
12 months 43.2 (6.2) 40.9 (7.5) 34.2 (6.6) 37.8 (4.7) 

A-P Baseline 44.0 (13.6) 47.6 (15.6) 39.3 (6.8) 39.7 (1l.0) 
6 months 42.3 (12.8) 4l.3 (10.2) 42.2 (11.2) 39.5 (7.4) 
12 months 42.6 (12.9) 43.6 (8.3) 40.6 (12.1) 4l.3 (10.8) 

M-L Baseline 42.3 (9.2) 4l.1 (9.4) 40.4 (7.0) 36.5 (4.9) 
6 months 44.9 (8.6) 42.6 (6.9) 39.6 (7.9) 38.7 (5.6) 
12 months 40.1 (5.4) 40.0 (6.9) 37.4 (6.5) 39.2 (6.1) 

A-P Baseline 48.2 (30.6) 41.7 (13.8) 44.0 (15.4) 4l.3 (11.4) 
6 months 48.7 (19.5) 45.3 (10.3) 43.8 (9.3) 45.9 (12.4) 
12 months 48.0 (15.0 43.0 (13.0) 44.2 (15.0) 43.9 (8.8) 
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Mean and 95% C.1. for the range of CoP displacement (M-L) whilst performing 
the single limb stance (left limb) for all groups, at baseline, 6 and 12 months. 
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In contrast figure 5.11 displays the range of CoP displacement in the anterior-posterior plane 

whilst performing the single limb stance on the right limb, in which the retirement groups 

(particularly the males) show a wide spread within the group, compared to both control groups. 

Figure 5.11 
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Mean and 950/0 C.1. for the range of CoP displacement (A-P) whilst performing 
the single limb stance (right limb) for all groups, at baseline, 6 and 12 months. 

5.3.2 Peak torque of the knee extensor / flexor muscle groups 

Descriptive statistics of the peak torque data of the lrnee extensor and flexor muscle groups for 

the male retirement, male control, female retirement and female control groups at baseline, 6 

months and 12 months are presented in table 5.12. 

No significant interactions were found for any of the peak torque variables between visits and 

groups, except for gender differences observed in the peak torque of the left lrnee extensor 

muscle group at 180 deg/s (reported earlier in section 5.2.2). 

Figure 5.12 displays the peak torque produced by the lrnee flexor muscle group (right limb) at 

60 deg/s. Both retirement groups exhibit an initial decrease in peak torque at six months, 

compared to the control groups. 
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Table 5.12 

Limb Task 

Ext@ 
600 /s 

Ext@ 
1800 /s 

Left 
Flex@ 
600 /s 

Flex@ 
1800 /s 

Ext@ 
60°,'s 

Ext@ 
1800 /s 

Right 
Flex@ 
600 /s 

Flex@ 

I 1800 /s 

Figure 5.12 

Peak torque measurements (Nm) of the lrnee extensor/flexor muscle groups at 
baseline, 6 months and 12 months for all the groups. Mean and standard 
deviation are given. 

Male Male Female Female 
Visit retirement control retirement control 

Mean (SD) 
Baseline 125.8(33.1) 138.6 (30.1) 76.7 (19.8) 81.5 (24.3) 
6 Months 134.5 (42.1) 144.0 (31.8) 79.0 (15.3) 85.1 (22.7) 
12 Months 134.4 (38.5) 144.9 (29.4) 80.5 (14.5) 88.0 (22.4) 
Baseline 81.3 (26.8) 90.4 (21.3) 47.1 (11.1) 50.1 (15.5) 
6 Months 85.5 (31.6) 94.5 (19.9) 52.1 (11.0) 54.5 (15.3) 
12 Months 84.5 (30.7) 97.6 (19.5) 53.9 (9.0) 58.3 (15.9) 
Baseline 61.6 (16.0) 66.1(17.0) 36.3 (9.3) 38.5 (10.5) 
6 Months 68.6 (19.1) 74.0 (17.7) 36.9 (8.2) 43.1 (12.9) 
12 Months 69.1 (17.6) 74.9 (19.5) 39.6 (10.0) 44.0 (11.7) 
Baseline 49.0 (16.1) 52.2 (13.8) 27.7 (6.8) 29.2 (10.0) 
6 Months 48.8 (15.8) 55.7 (13.0) 29.6 (7.7) 32.5 (8.5) 
12 Months 50.7 (17.5) 55.4 (12.7) 31.3 (6.6) 32.6 (8.9) 
Baseline 124.9 (46.7) 135.7 (32.1) 76.1 (15.3) 83.8 (23.8) 
6 Months 130.4 (43.4 ) 138.9 (33.6) 79.7 (17.6) 86.6 (26.4) 
12 Months 131.4 (41. 7) 139.4 (31.3) 77.1 (16.2) 86.2 (25.4) 
Baseline 80.2 (31.7) 87.5 (19.4) 48.2 (9.7) 51.3(11.9) 
6 Months 84.3 (33.7) 94.5 (21.5) 50.3 (9.5) 54.3 (13.1) 
12 Months 86.3 (33.4) 96.2 (22.1) 49.5 (8.8) 56.2 (13.0) 
Baseline 64.2 (20.2) 71.1 (16.3) 39.1 (7.7) 41.3 (11.8) 
6 Months 63.4 (20.4) 74.2 (20.3) 37.6 (9.7) 42.7 (10.8) 
12 Months 69.1 (17.6) 74.9 (19.5) 39.6 (10.0) 44.0 (11.7) 
Baseline 46.8 (14.4) 55.3 (13.3) 28.5 (5.9) 30.5 (8.7) 
6 Months 46.7 (15.4) 56.0 (14.1) 29.2 (7.2) 31.2(7.7) 
12 Months 48.6 (15.7) 57.0 (13.0) 29.6 (7.3) 32.4 (8.2) 
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Mean and 95% C.1. peak torque lrnee flexion at 60 deg/s (right limb) for all 
groups at each visit. 
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5.3.3 Lower limb joint range of motion 

Descriptive statistics of the joint range of motion data for the male retirement, male control, 

female retirement and female control groups at baseline, 6 months and 12 months are presented 

in table 5.13. There were no significant grouping x visit interactions in either the ankle or knee 

joint range of motion data. However, a significant interaction was seen in the hip extension data 

of the left limb (F (6, 148) = 2.16, p =0.049). Bonferroni's post hoc test revealed significant 

differences in the left hip extension data between the female retirement group and male 

retirement group, between the female retirement and the male control group, and between the 

female control group and male control group. For the right hip, no significant grouping x visit 

interaction was found. Figures 5.13 and 5.14 show the wide spread of hip extension values 

obtained for both the left and right limbs, with the females exhibiting greater hip extension than 

the males. Data obtained from the left limb (figure 5.13) shows the wide spread particularly in 

the male retirement group. 

Table 5.13 Lower limb range of motion data (degrees) for all the groups at baseline, 
6 months and 12 months. Mean and standard deviation are given. 

Male Male Female Female 
Limb Task Visit retirement control retirement control 

Mean (SD) 
Ankle Baseline 50.4(7.1) 47.2 (5.9) 49.6 (6.9) 51.8 (6.9) 
ROM 6 Months 50.3 (7.2) 47.9 (4.8) 50.9 (7.0) 52.0 (7.2) 

12 Months 51.7 (6.7) 48.7 (7.1) 50.3 (6.6) 52.7 (6.7) 
Knee Baseline 131.2 (6.1) 131.8 (5.0) 132.3 (3.9) 132.0 (4.2) 

Flexion 6 Months 133.0 (5.5) 132.4 (5.7) 133.3 (4.2) 132.7 (3.5) 

Left 12 Months 132.9 (5.2) 133.6 (4.9) 135.3 (3.8) 133.5 (3.6) 
Hip Baseline 8.7 (5.4) 7.6 (2.0) 13.1 (4.2) 10.8 (4.0) 

Extension 6 Months 9.1 (4.5) 7.7 (2.5) 11.8 (2.9) 10.9 (3.5) 
12 Months 9.0 (5.1) 9.5 (2.5) 12.1 (2.7) 11.9(3.1) 

Ankle Baseline 48.3 (6.8) 45.1 (6.0) 49.4 (7.5) 50.7 (8.0) 

ROM 6 Months 49.5 (7.5) 45.6 (7.8) 49.3 (7.2) 49.5 (8.2) 
12 Months 48.8 (7.6) 46.2 (6.9) 50.1 (6.6) 50.5 (8.0) 

Knee Baseline 131.4 (5.0) 131.7 (5.0) 133.3 (4.1) 131.5 (5.3) 

Flexion 6 Months 131.1 (5.3) 131.6 (4.2) 134.0 (4.0) 131.5 (5.5) 

Right 12 Months 133.7 (4.8) 133.1 (4.9) 134.3 (3.5) 132.1 (5.4) 

Hip Baseline 10.6 (2.9) 9.4 (3.9) 13.9 (4.5) 12.3 (4.8) 

Extension 6 Months 9.4 (4.1) 8.1 (2.4) 11.5 (3.6) 11.1(3.3) 
12 Months 9.2 (2.9) 9.2 (2.4) 11.3 (2.2) 12.0 (2.5) 
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Figure 5.13 

Figure 5.14 
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5.3.4 Physical activity levels 

Descriptive statistics of the physical activity level scores (both at work, and at home, leisure, 

sports) for the male retirement, male control, female retirement and female control groups at 

baseline, 6 months and 12 months are presented in table 5.14. 
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Table 5.14 Reported physical activity level scores at baseline, 6 months and 12 months for 
all the groups. Mean and standard deviation are given. 

Physical Male Male Female Female 
Activity Visit retirement control retirement control 

Score 
Mean (SD) 

Baseline 2.5 (0.5) 2.6 (0.7) 2.4 (0.5) 2.6 (0.6) 
Work 6 months 0 2.6 (0.6) 0 2.6 (0.6) 

12 months 0 2.6 (0.7) 0 2.6 (0.6) 
Home, Baseline 8.5 (4.3) 10.8 (5.2) 10.0 (5.2) 9.0 (5.1) 

leisure & 6 months 10.9 (5.7) 10.5 (5.1) 11.1 (3.9) 9.2 (5.5) 
sports 12 months 11.7 (5.3) 11.2 (5.1) 13.1 (3.8) 9.1 (5.2) 

For the physical activity levels reported at home (including household, leisure and sports 

activities) a significant interaction was seen between the visits and the groups (F (5.3, 154.5) = 

5.60, p = 0.000). The reported physical activity levels at home during each visit, for all the 

groups are presented in figure 5.15. Post retirement the retirement groups showed an increase in 

reported physical activity levels (home/leisure/sport), whilst the control groups remained 

relatively stable during the 12 months. The male participants in the retirement group increased 

their physical activity predominantly during the initial 6 months post retirement, whereas the 

females showed a greater increase in reported activity levels between 6 and 12 months post 

retirement. 

Figure 5.15 
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Changes regarding classifications of activity levels according to the recommended guidelines 

(Skelton et aI., 1999b) to obtain health benefits are shown in table 5.15. 'Sedentary' refers to 
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being physically active less than once per week (for a minimum of 30 minutes, of moderate 

iI1tensity)~ 'Active' refers to being physically active more than once a week (for a minimum of 30 

minutes. of I110derate intensity); 'Frequently active' refers to being physically active at least 5 

times a week on average (for a minimum of 30 minutes, of moderate intensity). 

Table 5.15 Percentage of participants in each group who would be classified as either 
sedentary, active or frequently active 

Grouping Classification Baseline 12 Months 
(%) (0/0) 

~lale Retirement Sedentary 39 28 
Active 55 55 
Frequently Active 6 17 

Male Control Sedentary 25 25 
Active 42 37 
Frequently Active 33 38 

Female Retirement Sedentary 25 5 
Active 70 85 
Frequently Active 5 10 

Female Control Sedentary 47 40 
Active 46 53 
Frequently Active 7 7 

5.3.5 Summary 

The following is a review of the null hypotheses tested investigating the influence of retirement 

on each of the measurement parameters for males and females:-

1. There is no significant visit x grouping interaction in balance performance (the 

range of CoP displacement). Accepted 

ii. There is no significant visit x grouping interaction in lower limb strength (peak 

torque of the knee extensor/flexor muscles). Mostly Accepted 

111. There is no significant visit x grouping interaction in joint range of motion 

(ankle, knee, hip). Mostly Accepted 

IV. There is no significant visit x grouping interaction in physical activity scores at 

work. Rejected 

v. There is no significant visit x grouping interaction in physical activity scores 

within the home, leisure and sports. Rejected 

The statistical analysis has shown that the visit (baseline, 6 or 12 months) did not influence the 

majority of the measurement variables differently for the male retirement, male control, female 
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retirement or female control groups. A significant interaction was seen for the peak torque 

produced by the knee extensor muscle group at 180 deg/s on the left limb; with the females 

showing a greater mean increase in peak torque compared to the males. Significant grouping x 

visit interactions were seen for the left hip extension range of motion data, although the 

ditTerences were not clinically significant. Significant interactions were also found for the 

physical activity levels (home/leisure/sport). The increase in reported physical activity scores 

post retirement was probably due to the increase in daily leisure time available, compared to that 

for the control group who remained in full time employment. 

5.4 Slllnmary offindings 

• \Vhilst statistical analysis of the data suggests that retirement did not have a significant 

effect on balance perfonnance, lower limb strength or lower limb joint range of motion, 

seyeral individuals showed marked improvements or deteriorations in perfonnance 

following retirement. 

• There was no difference between any of the groups for all the balance tasks. During the 

12 months there was a slight decrease in the number of participants able to perfonn the 

single limb stance for 30 seconds. 

• There was a significant increase in all the peak torque variables for both the retirement 

and control groups. At six months a significant group x visit interaction was seen for the 

peak torque produced by the knee flexor muscle group at 60 deg/s, where a reduction in 

peak torque was found in the retirement group compared to an increase in the control 

group, although this was not significant at 12 months. 

• No difference was seen in ankle and knee joint range of motion between groups, however 

a significant interaction was found for the hip extension data (left and right limb). 

• Post retirement, significant increases were seen in reported physical activity levels 

(home, leisure and sport) for the retirement group compared to the control group. No 

gender differences were found. 

• Increases in lower limb strength were related to both increases in ankle and hip joint 

ROM, and related to improvements in balance perfonnance (reductions in the range of 

CoP displacement whilst standing with the feet together). 

152 



• 

• 

Increases in ankle joint ROM and knee flexion ROM were related to improvements in 

balance performance (reductions in the range of CoP displacement whilst performing the 

single limb stance balance task). 

Increases in physical activity levels (home, leisure, sport) were related to improvements 

in balance performance (reductions in the range of CoP displacement whilst performing 

the single limb stance balance task). No relationship was identified between changes in 

physical activity levels and changes in lower limb strength or changes in joint motion. 

• Case study ID 42. This individual showed the effect of positive lifestyle changes post 

retirement. Following substantial increases in physical activity levels, improvements 

were seen in balance performance (a reduced range of CoP displacement whilst standing 

quietly), and an increase in lower limb strength and lower limb joint range of motion. 

• Case study ID 62. This individual displayed the negative effect of reductions in activity 

levels post retirement. After working as an electrician for over 40 years, this individual 

exhibited a decline in performance in all parameters after six months of retirement. 

153 



6. DISCUSSION 

6.1 Introduction 

Numerous cross-sectional (Akima et aI., 2001; Skelton et aI., 1994) and longitudinal studies 

(Bassey, 1998; Frontera et aI., 2000) have looked at the effect of ageing on physical function and 

performance, including those factors associated with falling. However, no studies have been 

identified which ha\'e investigated whether the actual process of retirement induces a change in 

some of the key physiological factors related to falling in later life. Therefore, this research was 

designed to investigate the effect of retirement on lower limb strength, balance performance, joint 

range of motion and physical activity levels, and depending on the outcome of the study, assess 

the need for specific health promotion advice pre-retirement. 

One of the initial tasks of the research was to assess the reliability of the measurement tools 

currently used in research to assess balance performance, lower limb strength and joint range of 

motion. Centre of pressure data collected from a force platform to assess balance performance 

provided good levels of test retest reliability particularly during quiet standing with ICC values 

>0.90 (feet together), and ICC's of 0.63-0.85 whilst performing the single limb stance trials, 

\\'hich \\'ere consistent with values reported in the literature (LeClair and Riach, 1996). High 

levels of reliability were also found using the isokinetic dynamometer to measure peak torque 

production of the knee extensor / flexor muscle groups at both the slower (ICC's >0.90) and 

faster angular velocities (ICC's 0.77-0.90), which were in agreement with values previously 

reported (Pincivero et aI., 1997). There is little research looking at changes over short time 

periods for this age group, and similarly very little detailed research about changes over a 12 

month period in this age group. However, the reliability data of these two measurement tools is 

good, and therefore confidence can be felt that the data is both usable and interpretable. Whilst 

assessing the reliability of full range of motion measurements for knee flexion and hip extension 

using a flexible electrogoniometer, the method of attachment and measurement protocol had to be 

altered substantially from the manufacturer's guidelines to produce reliable methods of 

measurement. Once again, high levels of reliability were observed measuring full range of joint 

motion at the ankle joint (ICC of 0.97), measuring knee flexion (ICC of 0.91) and hip extension 

(ICC of 0.94). As no previous studies have reported reliability data using electrogoniometers to 

measure full range of motion it is difficult to know what level of reliability might be expected, 

although with the level of reliability found in the current study, there can be a good degree of 

confidence in the measurement protocol. 

The aims of the research were to recruit participants for the longitudinal study (a retirement 

group due to retire imminently, and a control group at least twelve months away from 
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retirement), and to undertake measurements of balance performance, lower limb strength, joint 

range of motion and physical activity levels at baseline (pre-retirement), and at six and twelve 

months post retirement. The results were analysed to investigate any differences in the rate of 

change between the retirement and control group, to identify any gender differences, and to 

explore any relationships between variables. 

This chapter discusses the interpretation of the findings of this longitudinal study, and compares 

the findings with the published research findings. The relationship between changes in balance 

perfomlance, lower limb strength, joint range of motion and physical activity levels post 

retirement are explored. The methodological considerations of the study are discussed. Finally, 

the implications for health promotional advice at the time of retirement, and suggestions for 

future work are discussed. 

6.2 Interpretation of the results and comparisons with published 
research findings 

6.2.1 Balance performance 

In all the balance performance tasks, the range of centre of pressure (CoP) displacement results 

showed there was no significant difference between the retirement group and the control group 

throughout the study. At baseline a significant gender difference was seen for several of the 

balance tasks, with males exhibiting a greater range of CoP displacement in both the anterior

posterior and medial-lateral planes than the females. After normalising the data relative to the 

height of the subject (CoP Range / Height), the gender differences in balance performance were 

removed. Analysis revealed the time of the assessment (baseline, six months and twelve 

months) did not influence any of the balance performance CoP displacement results differently 

for the retirement and control groups, or for the gender groups. In this study the average 

differences in CoP displacement values for the retirement and control groups, between the 

baseline and 12 month assessments, were relatively small (reported in table 5.3). 

Prior to the study commencing, it had not been possible to envisage how much change in balance 

performance, if any, might be expected during the twelve months, as no longitudinal studies 

reporting changes in the range of CoP displacement have been published for this age group. 

However, Era et al. (2002) investigated the change in balance performance over a five year 

period in a group of Nordic males and females. Assessments were taken at 75 years of age and 

repeated five years later (n=434). The author reported significant declines in balance 

performance ranging from 10 to 50% (eyes open) and 10% to 40% (eyes closed), and commented 

155 



that the wide range of decline in performance probably reflected the differing levels of daily 

physical activities undertaken within this community dwelling group, in addition to the age 

related changes. It would have been useful if the authors had recorded the physical activity levels 

for the group to see if maintaining levels of physical activity at this later stage of life still had a 

positive effect on balance performance. It is not possible in this instance to compare the actual 

CoP values obtained by Era as the CoP velocity data (mmls) was reported in this paper. 

Additionally, as the measurements were not repeated yearly, one cannot assume that the decline 

over five years has occurred in a linear fashion. 

Of all the published literature assessing balance performance there are very few identical studies; 

using the same measurement tool, measurement parameter, balance task, stance position and 

duration of task. The methodology selected for the current study was devised after reviewing the 

literature, and from information obtained during the preliminary pilot study (section 2.1.3). The 

average range of CoP displacement values obtained in the current study were compared with 

studies by Maki et a1. (1990) and Blaszczyk et a1. (2000), who used the same measurement tool 

and measurement parameter to assess balance during quiet standing. The average CoP 

displacement values, from the anterior-posterior (A-P) plane, whilst standing with the feet 

together (eyes open and eyes closed) were in agreement with findings by both Blaszczyk et a1. 

(2000) and Maki et a1. (1990). Blaszczyk compared the range of CoP displacement in 22 elderly 

subjects (mean age 72) and 21 young subjects (mean age 24) whilst standing with an open stance, 

feet apart (eyes open and eyes closed), With eyes open, the mean range of CoP displacement in 

the A-P plane was 26mm in the elderly, and 23mm in the young subjects. With eyes closed, the 

mean range of CoP displacement in the A-P plane was 30mm in the elderly, and 25mm in the 

young subjects. These values are in agreement with those obtained in the current study (mean 

age 59.5) standing with the feet together eyes open, the mean range of CoP displacement in the 

A-P plane was 24mm at baseline, and 25mm at 12 months; and with the eyes closed 29mm at 

baseline, and 30mm at 12 months. The values of this study are also in agreement with those 

reported by Maki et a1. (1990) who reported a mean range of CoP displacement in the anterior

posterior plane of 30mm (±19mm) in a group of elderly subjects (n = 32, mean age 69 years), 

whilst standing in a freely chosen position, eyes open. It is likely that the slightly higher value 

reported by Maki et a1. is due to the slightly older age group, compared to those in the current 

study. 

In the current study (bipedal trials) all subjects stood with their feet together (side by side), thus 

introducing a challenging element requiring tighter control than in a 'freely chosen' comfortable 

stance position. This narrow stance requires an increased postural strategy including loading and 

unloading the left and right foot, and the control of the horizontal force vectors that regulate the 

CoP position (Henry et aI., 2001). Therefore studies using a narrow stance to assess balance (i,e. 
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feet together) produce greater ranges of CoP displacement in the medial-lateral (M-L) plane, than 

those using a wider stance. Whilst standing with an open stance (feet apart) Blaszczyk et al. 

(2000) reported a mean range of CoP displacement in the M-L plane (eyes open) of 12.2mm in 

the elderly. and 11.lmm in the young subjects. With eyes closed, they reported a mean range of 

CoP displacement in the M-L plane of 14.6mm in the elderly, and 12.8mm in the young subjects. 

These values are substantially smaller than those found in the current study, which is probably 

due to the freely chosen stance position by Blaszczyk et al. having a significant effect on the 

direction and magnitude of the horizontal force vectors. 

In contrast to the findings of the current study, an earlier study by Prieto et al. (1996) reported 

much lower CoP displacement measurements in two groups of healthy American subjects. 

Balance performance was assessed in both a young group (n=20) aged 21-35, and an elderly 

group (n=20) aged 60-70. Subjects stood on a force platform, in a freely chosen stance (eyes 

open and eyes closed), for 30 seconds. With eyes open, the mean range of CoP displacement in 

the A-P plane was 20mm in the elderly and 13mm in the young subjects. With the eyes closed, 

the mean range of CoP displacement in the A-P plane was 21mm in the elderly and 17mm in the 

young subjects. It is unclear why they obtained such low CoP values for both groups (eyes open 

and eyes closed), although the authors do not state whether the subjects were shod or unshod 

which could have affected the results. It is also surprising that in Prieto's study there appeared to 

be a minimal difference in the elderly group between standing with eyes open and eyes closed 

when the majority of previous literature reports a significant difference between the two tasks 

(Blaszczyk et aI., 2000; Buchanan and Horak, 1999; Hasan et aI., 1996a; LeClair and Riach, 

1996). 

Data from the preliminary study suggested that people at retirement age (64-68 years) were able 

to perform the single limb stance balance task for 30 seconds. The single limb stance position 

offers the advantage of evaluating steadiness in a situation that challenges the postural control 

system, and as such has been used widely in the clinical and research setting with single limb 

stance trials from 5 seconds to 30 seconds. Every day motor tasks such as dressing, walking and 

climbing stairs all require the ability of switching from two to one leg standing. In the current 

study, whilst the average range of CoP displacement remains fairly constant during the course of 

the study, a wide spread of values was obtained for a number of individuals, with no clear 

pattern, making it difficult to interpret the findings. For example, participants attempted 3 

bilateral single limb stances at each visit and during the visit, one individual may exhibit a fairly 

large range of CoP displacement by struggling to try to hold the stance for 30 seconds. This may 

involve substantial swaying and possibly some arm movement on all 3 attempts. Another 

individual may fail the first two attempts, and then manage to hold themselves very 'tightly' for 

the final attempt, exhibiting a lower CoP amplitude than the previous individual. Alternatively 
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the participant may successfully achieve the first attempt, then, fail on the following two 

attempts. The single limb stance trial with the smallest range of CoP displacement for each limb 

was selected for data analysis. Over half the participants experienced difficulty performing the 

single limb stance, failing to complete one or two of the three trials attempted on either limb. 

Generally there appeared to be no pattern in the failed tasks as individuals failed at various times 

during the 30 second trials, and those who failed on more than one attempt did not always fail at 

the same time. As the majority of failed tasks were after the initial five seconds [the dynamic 

weight transference phase (Jonsson et aI., 2004)], this would suggest that the failures occurred 

whilst trying to maintain the static single limb stance position. In the current study 20% of the 

males and 2.+0/0 of the females were unable to complete any of the single limb stance trials 

attempted. These results are in keeping with two American studies, firstly Bohannon et aI. 

(1984) who found 60/0 of subjects aged 50-59 (n=30), and 570/0 subjects aged 60-69 (n=30) 

unable to perfonn the single limb stance for 30 seconds. Similarly a smaller study by Briggs et 

aI. (1989) found 22% of females (n=14) aged 60-64, and approximately 50% aged 65-69 (n=13) 

were unable to perform the single limb stance for 30 seconds. 

A number of studies have reported differences in balance perfonnance between fallers and non 

fallers, using a variety of measurement tools and outcome measures (Maki et aI., 1994; Stel et aI., 

2003; Studentski et aI., 1991). A few studies assessing single limb stance ability have reported 

differences between fallers and non-fallers' ability to perfonn the task (Gehlsen and Whaley, 

1990; Hurvitz et aI., 2000; Studentski et aI., 1991), whilst others have found no difference 

(Briggs et aI., 1989; Heitmann et aI., 1989). In the current study, one subject was identified as a 

'faller' on entry to the study (having reported falling on several occasions during the previous 18 

months). At baseline, whilst standing with the feet together, this individual (ID 42) exhibited 

substantially greater CoP displacement measurements in both the anterior-posterior plane (eyes 

open 45mm, eyes closed 41mm) and medial-lateral plane (eyes open 45mm, eyes closed 75mm) 

than the average values (shown in table 5.2). Surprisingly this same individual successfully 

completed all 3 attempts at the single limb stances on both limbs, exhibiting similar ranges of 

CoP displacement values to the group average. It is likely that this "more unstable" individual 

increased the "stiffness" of her posture control system during the more challenging single limb 

stance trials in order to prevent herself from falling (Maki et aI., 1990). With findings such as 

these, the usefulness of the single limb stance task remains open to further investigation, as the 

medial-lateral displacements that occurred whilst standing on two limbs (eyes closed) appeared to 

be a better predictor of fallers, as found previously (Maki et aI., 1994; Stel et aI., 2003). 

Substantial changes in activity levels appeared to have an effect on the balance performance 

measurements for some individuals in this study. For example, ID 42 reported significant 

increases in physical activity levels post retirement, which were associated with a significant 
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decrease in the amplitude of CoP measurements of approximately 500/0 whilst standing with the 

feet together (eyes open and eyes closed) and 70/0 for the single limb stance trials. Similarly a 

substantial reduction in activity levels post retirement appeared to affect the balance performance 

of some individuals. For example, ID 62 at six months after retiring as an electrician reported a 

13% decrease in physical activity levels within the home, leisure and sports, resulting in increases 

in the amplitude of CoP measurements of approximately 30% whilst standing with the feet 

together (eyes open). At 12 months post retirement this same individual reported a substantial 

increase in physical activity levels (28% above his baseline score), such that the amplitude of 

CoP measurements returned to values similar to the baseline score. The effects of physical 

activity levels post retirement on balance performance have been reported previously in the 

literature. Perrin et a1. (1999) assessed the static and dynamic postural control in a group of males 

aged 65 and over. The males were grouped according to their activity levels; no difference in 

balance performance was seen between those who began participating in physical activities post 

retirement and those who had always participated in physical or sporting activities. 

In summary, retirement from full time employment did not significantly affect the range of CoP 

displacement differently from the control group during the 12 month period for any of the 

balance performance tasks. The range of CoP displacement values reported in the current study 

are consistent with previous findings by (Blaszczyk et aI., 2000) and (Maki et aI., 1990). They do 

not agree with the findings by (Prieto et aI., 1996) who reported substantially lower CoP 

displacement values. There were a substantial number of participants who experienced difficulty 

performing the single limb stance which was consistent with other findings by (Bohannon et aI., 

1984; Briggs et aI., 1989). 

6.2.2 Peak torque production of the knee extensor / flexor muscle group 

An area of concern from this study was the groups' initial level of peak torque production 

recorded at baseline as reported in section 4.1.2. The average values obtained were lower than 

those reported in previous studies of similar age groups, and body size (Frontera et aI., 1993; 

Sunnerhagen et aI., 2000), as shown in table 4.13. Worryingly, the peak torque values were 

lower than those exhibited by a group of 70 year old Swedish males and females, who had been 

retired for 5 years from occupations of light-moderate activity (Aniansson et aI., 1980). Whilst 

the Swedish group reported undertaking activities such as walking and cycling, they had not 

undertaken any systematic exercise training. 

Skeletal muscle is a plastic tissue which adapts to the physiological demands placed on it. 

Therefore, it is highly possible that within 6 or 12 months post retirement, depending on lifestyle 

changes, an individual could substantially increase or decrease their lower limb strength. In this 
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study, retirement did not appear to affect lower limb strength, no significant differences in peak 

torque production of the knee extensor / flexor muscle groups were found between the retirement 

or control groups at either baseline or 12 months. The lack of significant differences between the 

groups might be due to the increase in reported physical activity levels post retirement within the 

home, leisure and sports activities. These findings are similar to those of a longitudinal study 

investigating changes in body composition in a group of male steel workers (n=53) one year post 

retirement (Fentem et al., 1976). The authors found no significant changes in body composition 

in the males who had remained employed or who became more active during the year post 

retirement. However, decreased thigh muscle area and increased thigh fat were found in the 

males who reduced their activity levels during retirement. It may not be surprising that Fentem et 

al. found significant reductions in body composition in those who decreased their activity level 

post retirement, as during employment, the steel workers would have been performing powerful 

muscle contractions regularly during the day. In the current study, there was only one participant 

in the retirement group who retired from a 'physically active' occupation; this was ill 62 (case 

study reported in section 5.1.6). Whilst 98% of the participants in the retirement group were not 

in manual occupations pre-retirement, there was the potential for a significant decrease in peak 

torque post retirement had the group not increased their physical activity levels. If the 

participants had viewed retirement as a period of unwinding after 40 years in the workplace, 

having the time to relax, to 'put their feet up' reading or watching the television throughout the 

day, this could have resulted in substantial lower limb peak torque production, due to muscle 

atrophy, not dissimilar to reductions found in bed rest studies (Ferretti et al., 2001; Smorawinski 

et al., 2001). 

Whilst Fentem et al. 's one year longitudinal study (followed up by Patrick et al. (1982)) has been 

the only paper reporting lower limb physiological changes post retirement, there have been a 

number of longitudinal and cross sectional studies which have investigated the rate of decline in 

muscle mass and muscle strength due to ageing. Cross sectional studies concerning adults 

through their lifespan have reported reductions in peak torque of the knee extensor muscle group 

of approximately 1 % per year (Akima et al., 2001; Lindle et al., 1997), which is at a slower rate 

of decline than the values reported in longitudinal studies (Frontera et al., 2000). A 12-year study 

assessing isokinetic peak torque of the knee extensors / flexors at 60 and 240 deg/s in 9 males at 

ages 65 and 77 years, (Frontera et al., 2000) reported actual percentage changes of -24% for the 

knee extensors and -29% for the knee flexors at 60 deg/s, and -30% for both knee extensors and 

flexors at 240 deg/s. The authors estimated an overall rate of loss of 2% of the knee extensors at 

60 deg/s and ~2.5% per annum for the knee extensors at 240 deg/s and knee flexors at both 

velocities. These values can only provide an indication as to the type of loss that might be 

expected within males in this age group, if we assume that the loss is linear. It would have been 

interesting to see the results had the authors undertaken more repeat assessments within this 12 
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year study. It should be noted that the authors reported substantial variation within the group, for 

example the mean difference in knee extension at 60 deg/s was -38 Nm (SD ± 24 Nm), the mean 

difference in knee flexion at 60 deg/s was -30 Nm (SD ± 29 Nm). Another longitudinal study 

(Hughes et al., 2001) investigated changes in peak torque production in knee extensors/flexors at 

60 deg/s in 120 males and females initially aged 46-78 years with follow up assessments after 

~ 10 years. The rate of decline in isokinetic strength averaged 14% per decade for the knee 

extensors and 160/0 per decade for the knee flexors in males and females. Hughes reported that 

the older subjects within their study demonstrated a greater rate of decline in strength, which may 

partly explain why they found lower rates of decline than Frontera et al. because they studied a 

\"ide age range. Whilst the reported physical activity levels (assessed using the Alumni Health 

Physical Activity Questionnaire) declined during the study, the authors reported that the changes 

\yere not directly associated with changes in lower limb strength. In the current one year 

longitudinal study, it was known from the reliability study results (reported in table 3.5) and the 

published literature (Frontera et al., 1993; Harries and Bassey, 1990) that a change in peak torque 

of approximately ±1 % would be hard to detect. The current reliability study found a day to day 

yariation in peak torque of between 6-11 % (depending on the angular velocity and task), which is 

similar to values reported previously (Frontera et al., 1993; Harries and Bassey, 1990). Harries et 

al. (1990) reported a day to day variation in peak torque of the knee extensors of approximately 

8% from a range of angular velocities. Frontera et al. (1993) reported day to day variation in 

peak torque at 60 deg/s in males of9% and 14%, and in females of5% and 13% (knee extension 

and knee flexion respectively). 

Whilst for the majority of participants in the current study, there were no substantial changes, 

there were several individuals in both groups who displayed considerable increases or decreases 

in peak torque production during the year. There were two individuals in the control group who 

displayed significant reductions in peak torque during the study which had resulted from lower 

limb injuries. Whereas in the retirement group there were more individuals who showed changes 

which appeared to be related to changes in activity levels, as opposed to injury. For the data 

displayed in figure 6.4, the individual changes in peak torque appeared to be related to reported 

changes in physical activity levels within the home, leisure and sports, although similar to 

(Hughes et al., 2001) study, no correlation was found for the whole group between changes in 

peak torque and changes in physical activity levels post retirement. This may be due to the 

principles of specificity, as very few participants reported undertaking lower limb strength 

training on a regular basis. The most frequently reported physical activities were gardening 

(generally of light to moderate intensity), walking, and gym. The majority of those attending the 

gym reported predominantly using cardiovascular equipment (such as bicycles and cross trainers) 

to maintain or reduce body mass and to improve cardiovascular fitness, as opposed to increasing 

strength. At the baseline assessments, one individual (ill 42, female, aged 57) exhibited muscle 
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weakness, producing peak torque values of the knee extensor muscle group at 60 deg/s of38.9 

Nm which was slightly higher than the mean value reported for a group of elderly fallers (mean 

age 82 years) of 25.8 Nm by (Whipple et aI., 1987). Fortunately pre-retirement this individual 

had already decided that she needed to take action to improve her physical fitness and overall 

wellbeing once ceasing full time employment. Post retirement, this individual substantially 

altered her lifestyle, reporting an increase in physical activity levels by almost 200%, which was 

accompanied by an increase in peak torque production of 30% at six months post retirement. 

From a subjective observation by the researcher, there were visible changes in this individual's 

persona at the follow up assessments. There is no doubt that these lifestyle changes provided this 

individual with the renewed confidence and freedom to take advantage of participating and 

enjoying further activities in retirement, thereby helping to maintain her functional independence 

during the early stages of retirement. 

Both the retirement and control group exhibited small but significant increases over the year in 

all peak torque measurements. There are several factors that may have contributed to this. For 

example, it is possible that all participants benefited from a learning effect which would lead to 

an increase in peak torque values. Due to the period of time between repeat assessments (six 

months) the increase in peak torque could not have been the result of a training effect from the 

assessments alone. On entry to the study 5% of participants reported being familiar with, and 

regularly performing leg extension exercises using resistance machines. The remainder of the 

group (950/0) were not used to sub maximally or maximally exerting their lower limb muscles as 

requested during the isokinetic testing procedure. Therefore it is possible that the mean increase 

in peak torque seen within this subject group is partly a result of increased confidence in 

performing the task, even though all participants were familiarised with the testing procedure and 

practised both sub maximal and maximal repetitions prior to the test, at the baseline, six and 

twelve month assessments. At the initial assessment, the participants may have been anxious 

about pushing themselves, concerned about the risk of injury from a maximal muscle contraction 

or just lacking experience in performing such a task. This speculation is confirmed by the fact 

that the 5% of the group who were familiar with the leg extension tasks showed very little 

changes in peak torque between visits; from -2% to +3% during the initial six months. Another 

reason for this increase in peak torque could be the motivation of the participants whilst 

performing the task. In order to be consistent with each participant (at each six monthly 

assessment) the researcher did not offer verbal encouragement or verbal or visual feedback to the 

participant during any of the peak torque trials. However, the participants may have performed 

better at follow up assessments as they wanted to improve on their previous performances 

(Hopkins, 2000). 
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To summarise, retirement did not appear to have a negative effect on peak torque production, 

neither did it have a significant beneficial effect. The average baseline values reported for both 

gender groups were worryingly low compared to previous studies of similar age groups (Akima 

et aI., 2001: Sunnerhagen et aI., 2000), suggesting that this group were underperforming. Even 

though there was a slight increase in all peak torque values during the 12 month period one could 

enyisage that unless this group regularly participated in physical activities of sufficient intensity, 

they will be closer to the required functional thresholds of muscle force and loss of independence 

at an earlier stage than other groups who exhibited higher peak torque values. For example, this 

would affect their ability to perform every day activities of daily living; having difficulties 

getting out of a low chair without the use of their arms, climbing up and down stairs, and getting 

on and off public transport. 

6.2.3 Lower limb joint range of motion results 

Flexible electrogoniometers were used to measure lower limb joint range of motion. A specific 

electrogoniometer (XMII0A, Biometrics Ltd, Blackwood, Gwent) was used to assess ankle joint 

range of motion. Initial difficulties were encountered when measuring full range of motion of the 

knee and hip joints, due to unacceptable measurement errors from skin movement (reported in 

section 2'-+). Therefore a protocol to measure full range of motion of knee flexion and hip 

extension was designed, adapted and tested for reliability. Previous studies have reported using 

flexible electrogoniometers during gait (Maupas et aI., 2002) and functional tasks (Rowe et aI., 

2000), although none has reported using the instrument to measure full range of motion of the 

knee or hip joints. Additionally there have been no studies using the flexible electrogoniomter 

type XM 11 OA to measure full ankle range of motion. 

From the standard error of measurements calculated from the reliability study (section 2.4.4) it 

was known that whilst using this particular measurement protocol a change of at least 30 in ankle 

range of motion, 4 0 in knee flexion and 3 0 in hip extension would be required to be confident of 

observing a real change in performance during the study. The analysis revealed that retirement 

did not affect ankle joint range of motion or knee flexion range of motion as no significant 

differences were found between the retirement group and control group during the period of the 

study. Section 5.1.4 shows that small but statistically significant differences were observed for 

the hip joint (~2 0) between the retirement and control groups. However, the information 

obtained from the reliability study, combined with the results of the power calculations (section 

3.1.4) indicates that the difference may not be functionally significant. Whilst there are a number 

of published studies reporting lower limb joint range of motion values (Bennell et aI., 1999; 

Escalante et aI., 1999; Hubley-Kozey et aI., 1995), there are very few papers that report range of 

motion values for hip extension (Bierma-Zeinstra et aI., 1998; Nonaka et aI., 2002), particularly 
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acti ve hip extension data (Roach and Miles, 1991). It is suspected that this is due to the 

difficulties experienced undertaking this measurement due to the amount of soft tissue around the 

joint. 

Several cross-sectional studies have reported the effect of ageing on joint range of motion (Nigg 

et al.. 1992: Roach and Miles, 1991; Vandervoort et al., 1992), but there is limited data from 

longitudinal studies (Bassey et al., 1989). Nonaka et al. (2002) investigated passive hip 

extension and hip flexion range of motion in a group of Japanese males (n=77, aged 15-73 years), 

reporting an age related decline in hip extension of -0.27 o/year and in hip flexion of -0. 17°/year. 

As this was not a longitudinal study, the authors are assuming that the age related decline is linear 

across this age group. If this were a reasonable estimate of the annual rate of decline of hip 

motion, it is unlikely that any measurement tool (invasive or non-invasive) could provide 

confidence of detecting such small changes within a relatively short time span. 

The effect of exercise and physical activity on joint range of motion has been reported previously 

(Hubley-Kozey et al., 1995; Misner et al., 1992) (detailed in section 1.5). In the current study, 

\\'hilst the average physical activity level (within the home, leisure and sports) of the retirement 

group increased during the period of the study compared to the control group, no significant 

interaction was seen between the full range of ankle motion, or the knee flexion range of motion 

between the two groups. However, increases in knee flexion range of motion appeared to be 

positively correlated to increases in physical activity levels (home, leisure, sports) in females. 

Furthermore, several individuals showed the effect of changes in activity levels on lower limb 

joint range of motion. For example, on joining the study, the one known faller (ID 42), displayed 

similar ankle range of motion values (right ankle 38°, left ankle 40 0) to the values reported by 

Studentski et al. (1991) in a group of fallers (34°). On increasing activity levels post retirement, 

this individual displayed considerable improvements in lower limb joint motion at 12 months 

(right ankle 46°, left ankle 47 0). Increases were also observed for hip extension (right hip from 

12 ° to 15 0; left hip from 12 ° to 16 0), and knee flexion (right knee from 134 °to 135°; left knee 

from 129 ° to 134 0). In contrast, ID 62, who initially reduced his activity post retirement, 

exhibited a decline in ankle range of motion (3° left ankle, 2° right ankle) at six months post 

retirement. At twelve months after reporting an increase in physical activity levels; both ankle 

range of motion values were similar to his baseline values, and his hip extension had reduced by 

3 ° in the right limb and by 5 ° in the left limb. Whilst it is understood that caution must be 

adopted when interpreting the hip extension data (see section 2.3.5), it is of interest to note that 

this individual, who had worked as an electrician all his life (a physically demanding occupation), 

and who exhibited a larger hip extension ROM than the average male at baseline, demonstrated a 

substantial reduction in hip extension at 12 months post retirement, even though he had reported 
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taking on new activities (listed in section 5.1.6). This would suggest that the new activities 

undertaken post retirement did not take him to the limits of his range of hip extension. 

To summarise, retirement did not appear to affect either ankle joint range of motion or knee 

t1exion range of motion. The average joint range of motion values reported here were within the 

normal ranges provided by the AAOS (1965). Ankle joint motion values were in agreement to 

those reportedly previously by (Brown and Holloszy, 1991), and the knee flexion values were 

consistent with those reported by (Roach and Miles, 1991). There is very little full range active 

hip extension data published; the values found in this study were lower than those reported by 

(Roach and Miles, 1991) which is probably due to differences in the subject position and the 

measurement tool, as discussed in section 1.5. 

6.2.4 Physical activity scores 

The number of people participating in voluntary physical activity declines with age (Hardman 

and Stensel, 2003). A large scale study in England has shown that a substantial proportion of 

people over the age of 50 do not participate in sufficient physical activity to produce health 

benefits (Skelton et aI., 1999b). For older people, physical fitness is crucial to maintaining 

functional independence, as managing the activities of daily living without assistance depends on 

having adequate strength and a sufficient degree of joint range of motion. As older people 

approach the limit of their strength in performing activities of daily living, ordinary tasks may 

precipitate injury and falls. In the current study, the baseline data revealed that over one third of 

the participants were sedentary, not participating in sufficient physical activity to produce health 

benefits. The average physical activity score for home, leisure and sports activities at baseline 

showed that the participants in this study led more sedentary lifestyles than those within a slightly 

older retired Dutch population (n=29), aged 63-80 years (Voorrips et aI., 1991). It is unfortunate 

that the average physical activity scores (home, leisure and sports) obtained in the current study 

cannot be compared to other studies which have used the same questionnaire within studies in 

Europe (Haveman-Nies et aI., 2003b) and in America (Feland et aI., 2001; Jatoi et aI., 2003) as 

whilst the authors refer to having recorded the activity levels in these papers using the 

questionnaire, they have failed to report the actual values obtained within their subject groups. 

Retirement from full time employment may be associated with the expectation of reduced levels 

of physical activity, alternatively it could be associated with the expectation of increased activity 

due to the increase in time available to pursue leisure and sporting activities, and the need to find 

a replacement to the work routine. Findings in the literature regarding changes in physical 

activity levels post retirement are varied. Some studies have reported an overall decline in 

physical activity (Patrick et aI., 1986), others have reported increases in activity levels (Evenson 
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et aI., 2002; Fentem et aI., 1976), and some have found no change (Jonsson et aI., 2000). In the 

current study, the statistical analysis revealed a significant increase in physical activity levels 

(home, leisure and sports) in the retirement group at 6 and 12 months, whilst the activity levels of 

the control group remained constant. Retiring from full time employment offered the retirement 

group a further eight hours a day, doubling the amount of leisure time previously available whilst 

still employed. It was surprising therefore that only 21 % of the retirement group seized the 

opportunity to double their physical activity levels (home, leisure and sports) post retirement. 

Reported increases were seen in the time spent in already pre-existing activities within the home, 

leisure and sports. Although over half of the retirement group reported having commenced new 

physical activities not undertaken pre-retirement, it would appear as if the activities were not 

performed at a sufficient intensity or frequency to show improvements in physical performance. 

In the current study, the increase in time spent in activities existing pre-retirement and the 

percentage of those reporting new pursuits post retirement are in agreement with those found by 

(Long. 1987) in a qualitative study of 106 males in Edinburgh who were interviewed at 6 and 18 

months post retirement. These findings are somewhat different to those reported from a 

qualitative study by (Jonsson et aI., 2000) who interviewed 29 Swedish males and females (aged 

66) between six and twelve months post retirement. The later study found many of the 

participants had anticipated they would take up new activities, or resume activities from their 

younger days post retirement, although in reality only a few participants had taken on new 

activities. 

There were no gender differences in the reported change in physical activity levels for either the 

retirement or control group. Post retirement the females tended to increase their participation in 

walking, exercise classes, gym, gardening, swimming and yoga. Post retirement the males 

tended to increase their activity levels predominantly in DIY tasks around the home, or garden, as 

well as increasing the time spent walking or playing golf. 

There are limitations of using questionnaires as measurement tools to assess physical activity 

levels. Firstly the questionnaires are subjective, and can be flawed, relying on the ability of the 

participant to recall activities undertaken over a certain time period. Additionally, participants 

may overestimate or underestimate the time spent in an activity. It is difficult to obtain reliable 

data about 'habitual' levels of physical activity as there is often no such thing as a consistent 

level of activity, due to individual changes in lifestyle at various periods of life. However, it is 

possible to get an overview of physical activity levels. In this study both the physical activity 

questionnaire to assess activity levels within the workplace and the questionnaire to assess 

physically active activities within the home, leisure and sports were used as tools to measure an 

individuals 'perceived' change in activity levels during the period of the study, rather than as an 

absolute measure of activity level per se. Reported test re-test studies from both questionnaires 
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showed good levels of reliability. Additionally, the questionnaire to assess physical activity 

leye Is within the home, leisure and sports had been previously validated against a pedometer, and 

the 2-+ hour recall questionnaire (Voorrips et aI., 1991). 

In summary, retirement significantly affected the levels of physical activity within household, 

leisure and sports differently from the control group during the 12 month period, as the retirement 

group significantly increased their activity levels compared to the control group. The physical 

activity level scores (home, leisure and sports) revealed that both the retirement and control 

groups were less active than a group of retired Dutch males and females (Voorrips et aI., 1991), 

this may be due to cultural differences in lifestyles, and the increased opportunity for cycling 

within the Dutch community. Over one third of the group were sedentary which was consistent 

\"ith previous findings from surveys of health and lifestyles within the United Kingdom (Health 

Education Authority, 1995; Skelton et aI., 1999b). 

6.3 Relationship between measurement variables 

During the period of the study, the participants who increased their peak torque production 

showed a reduction in the range of CoP displacement in the medial-lateral plane whilst standing 

with the feet together (eyes open and eyes closed). In agreement with earlier findings, increases 

in peak torque were found to be related to improvements in balance performance (Lord and 

Castell, 1994). No such relationship was identified for the single limb stance data, although 

increases in ankle joint range of motion were related to reductions in the range of CoP 

displacement during single limb stance trials. Perhaps if additional peak torque measurements 

had been taken of the dorsiflexor and plantarflexor muscles, a relationship may have been found. 

Finally, increases in activity levels within the home, leisure and sports were related to decreases 

in activity levels within the workplace. No relationship was identified between changes in 

physical activity levels and changes in peak torque, as was found by (Hughes et aI., 2001) 

reported in section 6.2.2. This is probably due to the specificity of the task, as whilst changes in 

activity levels may lead to changes in the ability to perform every day activities of daily living 

and or fitness, the percentage change may not always be seen in assessments of strength. Whilst 

no correlation was found for the group's data overall, individual changes in peak torque 

production appeared to be a related to changes in physical activity levels (displayed in figure 

5.4). Furthermore, several individuals showed that substantial lifestyle changes post retirement 

could produce either a positive or negative effect on balance performance, lower limb strength, 

joint range of motion and physical activity levels, as reported in two case studies (detailed in 

section 5.1). 
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6.4 Methodological considerations 

To assess balance performance all participants undertook several balance tasks whilst standing 

barefoot on a force platform. Centre of pressure data in both the anterior-posterior and medial

lateral planes were collected (with a sampling frequency of 70 Hz) for a period of 30 seconds. 

Frequent calibration checks on this equipment, together with findings from the preliminary 

studies, showed very good levels of reliability for day to day measurements, particularly whilst 

standing with the feet together (eyes open and eyes closed) balance tasks. Whilst it is understood 

that CoP displacement measurements cannot evaluate all aspects of balance control, and that a 

combination of kinematic and kinetic data may provide a fuller explanation towards 

understanding and evaluating an individual's response to static and dynamic balance tasks, CoP 

displacement measurements during quiet standing have been shown to predict future risk of 

falling (Stel 2003) even in those with no history of falling (Maki 1994). For this research only 

one force platform was available to assess balance performance, therefore it was not possible to 

measure bilateral asymmetries. Research suggests that older people prefer a 'load unload' 

stepping strategy as the primary response to weak postural perturbations, compared to younger 

subjects who use the ankle strategy as the primary response (Thelen 1997). Studies using two 

adjacent force platforms, in addition to CoP displacement measurements, have reported an 

increased compensatory unload of the preferred limb with ageing when postural stability is 

challenged (Blaszczyk et aI., 2000; Prieto et aI., 1993). Prieto et aI. (1993) found that the CoP 

displacement in the medial-lateral plane closely followed the weight shifting, particularly so in a 

68 year old male with a history of falling, compared to a 61 year old female with no known 

orthopaedic or neurological disease. Had this data been obtained for this study, it may have 

helped characterise any age related changes in balance performance, and would have been 

particularly interesting in relation to subject ill 42 in this study who showed a marked decline in 

CoP displacement measures post retirement. 

Two validated questionnaires were used as measurement tools to assess habitual physical activity 

levels within the work place, and at home, leisure and sports. The questions relating to physical 

activity levels at work were from the Baecke questionnaire (Baecke et aI. 1982). To measure 

physical activity levels within the household, leisure and sports, a questionnaire based on the 

Baecke questionnaire adapted for use in an older age group was used (Voorrips et al., 1991). 

Both questionnaires have been used in other epidemiological and longitudinal studies (Folsom et 

aI., 1997; Haveman-Nies et aI., 2003a; Haveman-Nies et aI., 2003b; Misigoj-Durakovia et aI., 

2000). However, they are two separate questionnaires and therefore the reported scores for an 

individual's activity at work, and activity within the home, leisure and sports cannot be totalled to 

give an overall activity score. Subsequently when measuring the change in physical activity post 

retirement it was not possible to estimate absolute gains or losses in physical activity. For the 
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retirement group there is the possibility that the amount of activity at work was equally replaced 

by the physical activities that were developed within the home, leisure and sports, and that no real 

change in overall activity occurred. Alternatively, as the majority of the group worked in low 

level activity occupations, the retirees' physically active leisure pursuits may have been 

additional activity and not just replacing work activity. Neither these questionnaires nor any 

other physical activity questionnaires available have provided the facility for discriminating when 

one substantial area of activity ceased entirely and was replaced by another. Whilst the 

questionnaires used in the current study were considered to be the best available and most 

suitable for this study, they may not have discriminated well. 

A potential methodological issue when using questionnaires is the reference time period when 

activity is assessed. Both of the selected questionnaires record activity over the past year, which 

is adyisable when considering the pattern of habitual physical activity. In the current study, the 

researcher noted that several individuals (predominantly male participants) had mentioned 

participating in physically demanding sports such as playing hockey, football or squash 

throughout their adult life, and had only stopped playing within the last five years. As a 

consequence, these individuals' physical activity scores (home, leisure and sports) were relatively 

low compared to their performance, which was particularly noticeable for the high values of peak 

torque per unit bodyweight (demonstrated by ill 20,30,69,82 and 95). There is no doubt that 

these individuals would have had a reduction in their peak torque since stopping participating in 

these demanding physical activities, and whilst the values obtained in the current study are high, 

it is likely that they would have been even higher five years earlier. Factors such as this may be 

the reason why no relationship was found between physical activity levels and measurement 

variables. 

Any study where participants are self selected rather than randomly chosen may bias the 

recruitment process. The self-selecting participants may be fitter than normal, they may be 

concerned about their health status, and may change their behaviour on joining a study. A recent 

study by (van Heuvelen et aI., 2002) investigated the difference in physical fitness test scores 

between actively and passively recruited Dutch males and females aged 55 and older. The 

passively recruited participants were self selected after responding to adverts, posters and via the 

local media (n=1108). The actively recruited participants were approached via their general 

practitioners who requested permission to pass on their names and addresses to the researchers. 

From these a random selection of 599 participated. Physical fitness assessments included walking 

endurance, sit and reach test, grip strength, balance (balancing on a tilting platform), manual 

dexterity and simple visual reaction time. The passively recruited sample (those responding to 

posters, adverts etc) performed significantly better than the actively recruited groups on all tests, 

particularly the endurance test, grip strength, balance and reaction time (p<0.001). It is possible 
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therefore that the self-selecting participants in the current study were "fitter" than the average 

population, and / or they may have been concerned about their health status which would lead 

them to increase their physical activity levels post retirement. Consequently it was surprising 

that this self selecting group reported relatively low levels of physical activity when joining the 

study, despite being apparently health and fitness aware, and that disappointingly their increases 

in physical activity were not enough to improve their physical status. This would suggest that the 

physical actiYities undertaken were not of sufficient intensity to show improvements in their 

physical performance. 

A recent study in Scotland investigated why older people participated in clinical trials (Tolmie et 

al.. 2004). From the 2520 males and females who participated in the study, 63% said they joined 

the study due to health concerns and wanted to take advantage of the regular health checks. The 

main reason given for those who continued with the study (not dropping out) gave self interest as 

the reason, as well as feeling part of a team. Tolmie's study provided an annual newsletter for 

the participants, which the participants reported helped them feel part of a team. In the current 

study, it is believed that the sending out of regular newsletters, the annual Christmas cards and 

provision of feedback at the end of the study helped to minimise the number of participants 

dropping out. It is also believed that the participants in the current study were all interested in 

their 0\\ n health and well being as they all requested feedback on their performance at the end of 

the study, additionally they offered to return for any future follow up studies. On joining the 

study, one male stated he wanted to be able to walk a marathon after he had retired, and wanted 

some advice as how to proceed. Several others during the study would comment, as if making 

some sort of apology, if they had reduced their activity levels between visits, or if they had 

gained weight. From this, one could conclude quite confidently that the participants in the 

current study were concerned about their health, and were anxious to maintain their levels of 

ability post retirement. Therefore one might have expected to see much larger increases in 

physical activity levels within the majority of participants in the retirement group (as opposed to 

the 21 % found), and for there to be significant improvements in their physical performance. 

However, most participants showed no change in their performance post retirement which is 

quite concerning given their relatively low peak torque values recorded pre-retirement. 

6.5 Health promotional advice 

Lifestyle changes at retirement are much individualised as discussed in section 6.2.4. Some 

individuals choose to slow down their pace of life with a subsequent decrease in physical activity 

levels, others welcome the opportunity to spend more time participating in existing physical 

activities or to acquire new ones, whilst others may show no change in activity levels post 

170 



retirement. All three responses were seen in this study, although surprisingly the majority 

reported no change. The statistical analysis of the data revealed that, on average, retirement did 

not have a significant positive or negative effect on the measurement parameters. This could be 

interpreted as a positive message in that the moment of retirement, for the majority of people, did 

not lead to a dramatic dec line in physical performance, and therefore no health promotion advice 

is needed. However, the average peak torque values were lower than expected; some individuals 

\yere close to the approximate functional thresholds that are reported to be required for activities 

of daily living. As there is limited balance performance data using the same CoP parameters, and 

no approximate functional thresholds established for balance performance it is difficult to assess 

\yhether the group were under performing. There was a statistically significant increase in 

reported physical activity levels post retirement although the type of activities undertaken, the 

intensity, frequency and duration were not enough to obtain health benefits or to show 

improyement in physical performance. With this in mind, together with the thought that this was 

a 'health aware' self selecting group who possibly performed better than the general population, 

then retirement should be considered a time for concern, and a time for specific health 

promotional advice. With the potential of spending a third of a lifetime in the retirement stage, 

most people will want to remain as functionally independent in retirement for as long as possible. 

If the general population are not as physically fit as this self selecting group, then unless they 

significantly increase their levels of physical activity to a sufficient intensity to improve their 

functional ability, with the known age related decline in physical performance, the majority could 

lose their functional independence fairly early on in the retirement stage. As retirement is a 

substantial change from the usual work routine, it would be an ideal time for individuals to 

receive some sort of health promotional advice such as a leaflet highlighting the effects of a 

sedentary lifestyle and inactivity post retirement. Such a leaflet could: 

• Detail how inactivity could lead to the threshold of dependency and mobility earlier than 

for those who follow an active lifestyle post retirement; 

• Provide advice on how to maintain and improve health and functional independence 

(with details of exercise, and appropriate intensity levels necessary to obtain health 

benefits); 

• Include contact numbers of local groups, clubs and facilities available, together with 

website addresses of relevant organisations (e.g. Active for Life, Ramblers Association). 

There are no national guidelines in the United Kingdom for physical activity levels that are 

specific to older people (BHF National Centre for Physical Activity and Health, 2003). The 

recommended guidelines for the adult population is 30 minutes of moderate physical activity at 
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least five times a week; giving 'brisk walking' as an example activity (Department of Health, 

1999). To facilitate the undertaking of appropriate levels of exercise intensity necessary to 

in1proye or maintain physical performance, clearer, more descriptive, guidelines may be required 

as people will have different definitions of 'moderate' exercise. 

6.6 Future )vork 

The study has proyided normative data for peak torque of the knee extensors / flexors, balance 

performance. lower limb joint range of motion and physical activity levels in individuals 

approaching retirement. It is the only longitudinal study that has assessed the immediate effect of 

retirement on several parameters related to falling in later life. The results revealed that for the 

majority, retirement did not have a significant effect (either positive or negative) on lower limb 

muse Ie strength, balance performance or joint range of motion. 

Future studies should collect additional qualitative data from the participants to ascertain their 

attitude towards retirement (before they retired); why they joined the study; whether they had any 

health concerns or were worried about their health deteriorating post retirement or they had any 

specific plans post retirement (e.g. to take on any new activities). Obtaining such information 

and combining this with the physical performance data collected, may provide an indication or a 

common characteristic as to the type of person who may show deteriorations in physical 

performance post retirement, and who may benefit from health promotional advice pre

retirement. 

It would be useful to undertake further follow up assessments in 2 and 5 years to see if the 

activity levels remained elevated or whether they dropped after the initial "honeymoon period" of 

retirement and to investigate the rate of change of individuals' lower limb strength, balance 

performance and j oint range of motion. 

The results of this study can be fed back into the local organisations who participated in the 

study, enabling them to incorporate the findings in future pre-retirement courses they hold for 

their employees. Additionally a future longitudinal study could provide specific health 

promotional advice pre-retirement to one group, and compare the lifestyle changes with a control 

group who receive no health promotional advice pre-retirement. 

A study investigating peoples' perception of exercise intensity at retirement would provide useful 

information that could be used towards forming the most appropriate health promotional 

guidelines. 
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During this research a reliable measurement protocol has been designed to measure several 

aspects of lower limb joint motion using flexible electrogoniometers. Further work could be 

undertaken to improve the measurement technique to assess hip joint range of motion. 

6.7 Slllnl1lary 

Reyiew of the main hypotheses: 

Seyeral null hypotheses regarding differences in balance performance, lower limb strength, joint 

motion and physical activity levels between the retirement group and the control group were 

tested in this study. The baseline results (reported in section 4.1) showed no significant 

difference between the retirement and control group for each of the measurement parameters at 

the pre-retirement stage. The following is a review of the main null hypotheses tested (listed in 

section 5.1) investigating the influence of retirement on the measurement parameters and whether 

the data supported the null hypotheses or refuted them. 

Ho#(5.1)i. 

Ho#(5.1)ii. 

There is no significant visit (baseline/6 months/i2 months) x group 

(retirementlcontrol) interaction in balance performance (the range of CoP 

displacement) 

Accepted: Retirement did not significantly affect the range of CoP 

displacement differently from the control group during the 12 month period for 

any of the balance performance tasks. 

There is no significant visit (baseline/6 months/i2 months) x group 

(retirement/control) interaction in lower limb strength (peak torque of the knee 

extensorlflexor muscles) 

Accepted: Retirement did not significantly affect peak torque of the knee 

extensor/flexor muscle groups (at either angular velocity) differently from the 

control group during the 12 month period. 

Ho # (5.1) iii. There is no significant visit (baseline/6 months/ i2 months) x group 

(retirement/control) interaction in joint range of motion (ankle, knee, hip) 

Mostly Accepted: Retirement did not significantly affect lower limb joint 

range of motion (ankle ROM or knee flexion ROM) differently from the control 

group during the 12 month period. Significant differences were found for the hip 

extension data, with the retirement group showing a greater reduction in hip 

extension during the 12 month period, compared to the control group. 

173 



H l ) # (5.1) iv. There is no significant visit (baseline/6 months/i2 months) x group 

(retirement/control) interaction in physical activity scores at work 

Rejected: As expected, retirement did significantly affect the levels of 

physical activity at work differently from the control group during the 12 month 

period, as all participants in the retirement group had ceased full time 

employment. The level of activity at work for the control group remained 

constant during the study. 

Ho # (5. 1) \'. There is no significant visit (baseline/6 months/i2 months) x group 

(retirementlcontrol) interaction in physical activity scores within the home, 

leisure and sports 

Rejected: Retirement did significantly affect the levels of physical activity 

within household, leisure and sports differently from the control group during the 

12 month period. The retirement group significantly increased their activity 

levels, compared to the control group who remained constant during the study. 

Key Fin dings: 

• For the majority of this group retiring from non-manual occupations, retirement had no 

effect on lower limb strength, j oint range of motion or balance performance. 

• The statistical analysis revealed a significant increase in the amount of physical activity 

undertaken within the home, leisure and sports for the retirement group at 6 and 12 

months, compared to the control group. However, less than one quarter of the retirement 

group took the opportunity to substantially increase their activity levels post retirement. 

• Several individuals showed that substantial lifestyle changes post retirement could 

produce either a positive or negative effect on lower limb strength, joint range of motion, 

balance performance and physical activity levels. This difference was measurable within 

six months post retirement. 

• The lower limb strength values at baseline were substantially lower than expected for the 

group's age, height and body mass, suggesting that this group were under performing. 

Although a slight increase in strength was seen at 6 and 12 months, one could envisage 

that unless this group regularly participated in physical activities of sufficient intensity, 
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• 

they will be closer to the required functional thresholds of muscle force and loss of 

independence at an earlier stage than other groups who exhibited greater lower limb 

strength. 

For the majority of individuals, the increase in physical activity levels post retirement 

appeared to be sufficient to maintain their physical performance, but was not of sufficient 

intensity or frequency to produce improvements in lower limb strength, joint range of 

motion or balance performance. 

Contribution to knowledge: 

• This was the first study to investigate the effect of retirement on several parameters 

related to falling in later life: lower limb strength, joint range of motion, balance 

performance and physical activity levels. For those individuals who substantially 

changed their physical activity levels, there were marked improvements or deteriorations 

in their lower limb strength, joint range of motion and balance performance at six months 

post retirement. This finding illustrates that even without a planned exercise intervention 

individuals who substantially increase their physical activity levels can produce 

physiological benefits within a relatively short period of time. A sedentary lifestyle post 

retirement can lead to a decrease in lower limb strength, j oint range of motion and 

balance performance within six months, making an individual more susceptible to falling. 

This information should be incorporated into health promotional advice at the time of 

retirement. 

• The findings from this study can be fed into the planning of pre-retirement courses and 

health promotional advice highlighting how a sedentary lifestyle and inactivity post 

retirement could lead to the threshold of dependency and mobility earlier than those who 

follow an active lifestyle post retirement. Additionally, the groups' under performance in 

lower limb strength values compared with previous studies will be of particular interest 

to health professionals. 

• The study provided normative data for lower limb strength, j oint range of motion, 

balance performance and physical activity levels for males and females at the pre-

retirement stage. 
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• A reliable measurement protocol was devised to assess joint range of motion using a 

flexible electrogoniometer. This will be useful to both therapists and researchers wishing 

to measure full range of joint motion of the lower limb. 

6.8 Conclusions 

In Chapter 1 several aims were established for this project: 

Aim 1: 

Aim 3: 

To obtain baseline measurements (pre-retirement) of lower limb strength, 

balance performance, joint range of motion and physical activity levels. 

To investigate whether lifestyle changes at retirement affect lower limb strength, 

balance performance, joint range of motion and physical activity levels over a 12 

month period. 

To assess the possible implications in terms of health promotion guidelines. 

The results of these measurements are as follows: 

Aim 1 

Over one third of the group were sedentary (not participating in sufficient physical activity to 

produce health benefits); the most commonly reported physical activities were level walking and 

gardening. The average peak torque values were lower than expected, with several individuals 

being close to the functional muscle force threshold necessary to perform daily activities such as 

rising from a low chair without the use of arms. Interestingly, over half the participants 

experienced difficulty performing the single limb stance balance task for 30 seconds. These 

results within this self selecting group of healthy working adults were surprising since they were 

interested enough in their health to participate in the study. 

Aim 2 
Overall, this longitudinal study found that retiring from full time employment did not have a 

significant effect on lower limb strength, joint motion and balance performance. As expected, 

the retirement group increased their physical activity levels within the home, leisure and sports 

post retirement. At six months post retirement over half the group reported participating in new 

or additional leisure activities. This increase in activity levels appeared to be sufficient to 

maintain their performance at the same level as found pre-retirement, but the type of activities 
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undertaken, the frequency and intensity were not sufficient to show an improvement in physical 

performance. 

This study found that for the majority of participants, retiring from relatively sedentary 

occupations, retirement did not have a significant effect on their lives or lifestyles. Only 21 % of 

the retirement group doubled their physical activity levels (home, leisure and sports), which was 

surprising considering post retirement they had an extra eight hours a day available for leisure 

activities. 

Aim 3 

The relatiyely low levels of performance found within this group indicate that health promotional 

advice should encourage people in their mid years, whilst still in full time employment, to be 

more physically active. The advice should be directed towards getting people of this age group 

to perform physical activities of sufficient intensity and frequency to gain improvements in their 

functional performance. Retirement offers the opportunity to change lifestyles dramatically; if 

people were made aware of the negative effects of a sedentary lifestyle post retirement, bringing 

them closer to the threshold of dependence and mobility quicker than those who follow an active 

lifestyle they may take notice. This project has shown that even those who are concerned about 

their health. and have increased their activity levels post retirement are not partaking in adequate 

levels of physical activity to obtain health benefits, although they probably think they are! 
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Participant Information Sheet 

University of Brighton, School of Health Professions, Clinical Research Centre. 

Participant Information Sheet 

The effect of retirement on parameters related to falling 

Thank you for volunteering as a participant for my study. This longitudinal study will look at the 
effect of retirement, and subsequent changes in activity levels, on the rate of change of lower 
limb strength, balance performance and hip, knee and ankle mobility. 

I will use an exercise machine called an isokinetic dynamometer to measure your lower limb 
strength. I will also stick a couple of markers on your hip, knee and ankle joints to record your 
joint rnobility. Additionally your balance performance will be recorded. The equipment and 
procedures have been widely and safely used, and will not cause you any distress or discomfort. 

I will undertake the above mentioned measurements on both of your lower limbs, as well as 
asking you general questions about your level of physical activity in the workplace and at home. 
The measurements will be taken in the Human Movement Laboratory, Robert Dodd Annexe at 
the University of Brighton and should last approximately 90 minutes. As a longitudinal study, 
this will involve you visiting the laboratory on three occasions with a period of six months 
between each measurement. 

You should not volunteer for this study if you have any history of trauma which may adversely 
affect your physical ability such as lower limb injury or respiratory disorders e.g. severe asthma. 

You are free to withdraw from the study at any time. All information about you will be held in 
strict confidence, the data obtained will be referred to by code and will therefore be anonymous. 

Thank you once again. 

Liz Bryant 
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Participant Consent Form 

University of Brighton, School of Health Professions, Clinical Research Centre 

Participant Consent Form 

The effect of retirement on parameters related to falling 

I agree to take part in this research which is a longitudinal study looking at the effect of 

retirement, and subsequent changes in activity levels, on the rate of change of lower limb 

strength, balance performance and lower limb mobility. The experimenter has explained to my 

satisfaction the purpose of the experiment and the possible risks involved. I have had the 

principles and the procedure explained to me, I have read the information sheet and I understand 

them fully. I am aware that I will be required to undertake measurements of lower limb strength, 

balance performance and range of motion of the hip, knee and ankle joints, as well as answer 

questions relating to my level of physical activity at the workplace and at home. I understand 

that any confidential information will be seen only by the researchers and no one else. I am free 

to withdraw from the investigation at any time, for any reason. 

Name: (please print) ....................................................................... 

Signed: ....................................................................... 

Date: ................................................................................. 
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Biomechanics of the lower limb in health, disease and rehabilitation, University of Salford, 
10-12 September 2001, Poster presentation 

A comparison of two methods using Centre of Pressure (CoP) displacement data 
to evaluate static balance performance tests. 

E.C.Bryant, M.E.Trew, A.M. Bruce 
Clinical Research Centre, School of Health Professions and School of Engineering. University of Brighton. 

Introduction 
Force platfonns are frequently used to asS6SS balance 

Results performance. and the study of the cen Ire 0 f pressure as a 
means of quantifymg postural stability during standing is Figure I shows the time domain output of one trial. Table I shows a typical data set for a 

commonly used (Soderberg 1997). It has been suggested that subject. For the analysis all the data was logged but for ease of exposition the data in its 

the centre of pressure measurement offers useful information original fonn is presented here. Table 2 shows the results of Pearson's correlation 

for detecting and quantifying conditions that impair balance. analysis for all subjects pcrfonnmg balance trials with eyes open. 

DilTerent parameters have been used to quantify balance 
pcrfOllllBn e. these include the standard deviation of the 

Table I. Typica l data set for eyes open and eyes closed. centre of pressure about the mean position (LeClair and Riach 
1996). range of centre of pressure excursions (Blaszczyk et 81. 
2000) and frequency domain analysis (Carpenter et al. 200 I; 

! Hasan et aI . 1996). 
;> ] 0; 

] ] 
U 

.. ~ .~ 
.~ 'c 

Cl tL '5 ~ 
... .. 

Aims & Objectives bO -si ~ ~ tL.c~ U..c 

; 0.. Jl N Q.~.;:l ~ 2 
To compare and evaluate two dilTerent methods of analysing 00: til ...... ~"e ~o ~EC ~ E 
centre of pressure displacement data to assess balance 

CoP (M-L) Eyes Open 2.28 0.43 0.27 0.34 3.04 0.Q7 
performance. Method I used centre of pressure displacement 
summary statistics, and method 2 used frequency spectrum CoP (M-Ll Eves Closed 3.12 0.56 0.35 0.64 2.33 0.19 
analysis. CoP (A-P) Eyes Ol>Cll 2.20 0.46 0.20 0.40 6.56 0.06 

CopTA-p) Eves Closed 3.20 0.58 0.34 0.71 3.30 0.22 

Method 
Twenty healthy subjects (mean ± S.D. = 37 ± 8 yC8nl) 

Table 2. Pearson's correlation coefficient for all data sets from eyes open trials 
undertook a simple balance test. This included assessment of 
quiet standing for 30 seconds under two conditions; feet 

Range 
Std. MPF Power MPF Power 

together eyes open and feet together eyes closed on three Dev. elec. elec. mech. mech. 
visits . At each visit subjects undertook three trials of each 

Range 
M-L .97" -.42' .8800 -.76" .n °o 

condition. Centre of pressure (CoP) measurements in both the 
,.... 

--:ijjoo .62':-A-P .97"' -.39' -.7400 
antenor-posterior (A-P) and medial-lateral (M-L) plane were M-L .97- -.5 I' .92" -.7100 .67" 
collected from a force plate (Kistler type 9281 B II), with Ii Std. Dev. 

.9r 
~----.--

A-P -.52" .9500 -.70-' .50' 
sampling frequency of 70Hz. M-L -.42' -.5 I' -.53" -.04 .13 

MPF elec. - - ._---
CoP data were analysed using two dilTereDt methods to assess 

A-P -.39' -.52' -.40· -.09 .37 
Power M-L .8800 .92'" -.53'" -.65" .68" 

balance perfonnance. Method I : the standard deviations and 
elec. 

---- '-:9i oo -::40;-- )--00_-'---
-.68-

range of the COP about the mean position in the A-P and M-L A-P .95 00 .65-

planes were recorded. Method 2: the CoP data in both planes MPF M-L -.7600 -.7100 -.04 . . 65 00 -.77 00 

____ c_ 
... -.---. - ----

were subjected to fBSt Fourier transfonn (FFT) analysis to mech. A-P -.7400 -.70" -.09 =liS:';-- -.7100 
produce a frequency spectrum which was subsequently Power M-L .n°o .67" .13 .6800 -.7700 

analysed. Mean Power Frequency (MPF) was used to rnecb. A-P .5800 .50' -~37--- .65" -.7100 
characterise the spectrum, so " p< O.OI I. f, P , ' p< 0.05 

MPF • ...l....-- I p , 
, 

where P, is the power at frequency ii. The power PI ean be Discussion 
defined either in terms of its electrical origin or in tenns of its For both conditions the time domain parameters (range and standard deviation) were 
mechanieal motion. highly correlated with electrical power in both directions, signifying that these 

Electrical power = L A, l parameters would lead to similar assessments of a persons static balance. In contrast tbe 

i 
time domain parameters were only moderately correlated with mechanical power. It was 

Mechanical power = L A,2 f i 2 
found that there was poor negative correlation for MPF electric in both directions with 
time domain va lues indicating thaI predictions concerning balance would lead to different 

i 
conclusions when comparing these parameters. Moderate negative correlation was found 

where A, is tbe amplitude at frequency f i. 
for MPF mechanical in both directions with time doma in values. 

To normalise the distribution of the data, logarithmic Conclusion 
transformations were perfonned. To assess the relationship Under the assumption that the time domain parameters are suitable measures to 

between the time and frequency domain measurements the characterise static balance, the indications from this study are that M PF electrical is not 8 

Pearson ' s correlation coefficient was used. suitable parameter for use in balance perfonnance tests. It may be more appropriate to 
use electrical power, or MPF mechanical as these are more highly correlated with the 
time domain parameters. Further work is required with a laTger study group to confirm 

Fog' 
T~ __ outpuf 

these preliminary indications. 
12 
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Baecke Physical Activity Questionnaire 

Baecke Questionnaire 

Questionnaire, Codes, and Method of Calculation of Scores on Habitual Physical Activity 

1. What is your main occupation? 
1-3-5 

2. At work I sit 
neverlseldom/sometimesloften/always ........ .................. .................. 1-2-3--4-5 

3. At work I stand 
neverlseldomlsometlmesloften/always ... ... .... ....... ....... .... ............ .... 1-2-3--4-5 

4. At work I walk 
neverlseldornlsometimesloften/always ......... .................... ...... ......... 1-2-3-4-5 

5. At work I lift heavy loads 
neverlseldom/sometimesloften/very often ....................................... 1-2-3--4-5 

6. After working I am tired 
very often/often/sometimeslseldom/never ....................................... 5-4-3-2-1 

7. At work I sweat 
very oftenloftenlsometimeslseldomlnever ....................................... 5-4-3-2-1 

8. In comparison with others of my own age I think my work is physically 
much heavierlheavier/as heavyllighter/much lighter ....................... 5 4 3-2-1 

9. Do you play sport? 
yes/no 
If yes: 

-which sport do you play most frequently? .................................. .. 
-how many hours a week? ................................ <1/1-212-3/3-4/>4-
-how many months a year? ............................... <1/1-3/4-6/7-9/>9 

Intensity 0.76-1.26-1.76 
Time 0.5-1.5-2.5-3.5-4.5 
Proportion 0.04-0.17--{).42-o.67-o.92 

If you playa second sport: 
-which sport is it? ........................................................................... Intensity 0.76-1.26-1.76 
-how many hours a week? ................................ <1/1-212-3/3-41>4 Time 0.5-1.5-2.5-3.5-4.5 
-how many months a year? ............................... <1/1-3/4-6/7-9/>9 Proportion 0.04-0.17-0.42-0.67-0.92 

10. In comparison with others of my own age I think my physical activity during leisure time is 
much more/morelthe same/lesslmuch less ..................................... ~3-2-1 

11 . During leisure time I sweat 
very often/oftenlsometimes/seldom/never ................ ....................... 5-4-3-2-1 

12. During leisure time I play sport 
neverlseldornlsometimes!often/very often ....................................... 1-2-3--4-5 

13. During leisure time I watch television 
neverlseldornlsometimesloftenlvery often ........... ................ ...... ...... 1-2-3--4-5 

14. During leisure time I walk 
never/seldornlsometimesloften/very often ... .... ................................ 1-2--3-4-5 

15. During leisure time I cycle 
never/seldornlsometimesloften/very often ....................................... 1-2-3--4-5 

16. How many minutes do you walk and/or cycle per day to and from work, school, and shopping? 
<515-15/15-30/30-45/>45 ........................ ............ .......... ........... ........ 1-2-3--4-5 

Calculation of the simple sport-score (19): 
(a score of zero Is given to people who do not playa sport) 

19 = I. (intensity x time x proportion) 

= O/0.01-<414-<818-<12P-12 .............................................................. .. 

Calculation of scores of the indices of physical activity: 
Work ~ndex: [I, + (6 - ,~) + I~ + 14 + 15 + Is + '7 + '8]/8 
Sport Index - ['9 + ',0 + "1 + ',21 /4 
Leisure time inaex = [(6 - "3) + '14 + 1'5 + ',J/4 
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Voorripps Physical Activity Questionnaire 

Modified Baecke Questionnaire 

Questionnaire, Codes, and Method of Calculation of Scores on Habitual 
Physical Activity in Elde~y People 

Household activities 

1. Do you do the light household work (dusting, washing dishes, repairing clothes, etc.)? 
O. Never «once a month) 
1. Sometimes (only when partner or help is not available) 
2. Mostly (sometimes assisted by partner or help) 
3. Always (alone or together wnh partner) 

2. Do you do the heavy housework (washing floors and windows, carrying trash disposal bags, etc.)? 
O. Never «once a month) 
1. Sometimes (only when partner or help is not available) 
2. Mostly (sometimes assisted by partner or help) 
3. AJways (alone or together with partner) 

3. For how many persons do you keep house (including yourself; fill in "0" if you answered "never" in 
01 and Q2)? 

4. How many rooms do you keep clean, including kitchen, bedroom, garage, cellar, bathroom, ceiling, 
etc.? (Fill in "0" if you answered "never" in 01 and 02.) 
1. 1-6 rooms 
2. 7-9 rooms 
3. 10 or more rooms 

5. If any rooms, on how many floors? (Fill in "0" if you answered "never" in 04.) 

6. Do you prepare warm meals yoursen, or do you assist in preparing? 
O. Never 
1. Sometimes (once or twice a week) 
2. Mostly (3-5 times a week) 
3. Always (more than 5 times a week) 

7. How many flights of stairs do you walk up per day? (One flight of stairs is 10 steps.) 
O. I never walk stairs 
1. 1-5 
2. 6-10 
3. More than 10 

8. If you go somewhere in your hometown, what kind of transportation do you use? 
O. I never go out 
1. Car 
2. Public transportation 
3. Bicycle 
4. Walking 
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Questionnaire, Codes, and Method of Calculation of Scores on Habitual 
Physical Activity in Elderly People (Continued) 

9. How often do you go out for shopping? 
O. Never or less than once a week 
1. Once a week 
2. Twice to four times a week 
3. Everyday 

10. If you go out for shopping, what kind of transportation do you use? 
O. I never go out for shopping 
1. Car 
2. Public transportation 
3. Bicycle 
4. Walking 

Household score = (Q1 + Q2 + ... + Q1 0)/1 0 

Sport activities 
Do you playa sport? 
Sport 1: Name 

Intensity (code) 
Hours per week (code) 
Period of the year (code) 

Sport 2: Name 
Intensity (code) 
Hours per week (code) 
Period of the year (code) 

2 

(1a) 
(1b) 
(1c) 

(2a) 
(2b) 
(2c) 

Sport score I. (ia· ib· ic) 

Leisure time activities 
Do you have other physically active activities? 
Activity 1: Name 

Intensity ( code) 
Hours per week (code) 
Period of the year (code) 

Activities 2 to 6: as activity 1. 

j::l 

(1a) 
(1b) 
(1 c) 

6 
Leisure time activity score I. Oa • jb • jc) 

j::l 

Questionnaire score = household score + sport score = Leisure time activity score 

Codes: 
Intensity code 1: 

0: Lying, unloaded 
1: Sitting, unloaded 
2: Sitting, hand or arm movements 
3: Sitting, body movements 
4: Standing, unloaded 
5: Standing, hand or arm movements 
6: Standing, body movements, walking 
7: Walking, hand or arm movements 
8: Walking. body movements, cycling, 

swimming 
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Code 0.028 
Code 0.146 
Code 0.297 
Code 0.703 
Code 0.174 
Code 0.307 
Code 0.890 
Code 1.368 
Code 1.890 



Hours per week: 
1: Less than 1 hr· wk-' 
2: [1,2 > hr· wk-' 
3: [2,3 > hr· wk-' 
4: (3,4 > hr • wk"' 
5: [4,5 > hr • wk-' 
6: [5,6 > hr· wk-' 
7: [6,7> hr· wk"' 
8: [7,8> hr· wk-' 
9: More than 8 hr • wk"' 

Months per year: 
1: Less than 1 month· year' 
2: 1-3 months 
3: 4-6 months 
4: 7-9 months 
5: More than 9 months • year' 

Code 0_5 
Code 1.5 
Code 2.5 
Code 3.5 
Code 4.5 
Code 5,5 
Code 6.5 
Code 7.5 
Code 8.5 

Code 0.04 
Code 0.17 
Code 0.42 
Code 0.67 
Code 0.92 

'Unitless Intensity code, originally based on energy costs. 
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Newsletter - Issue 1 

University of Brighton 

RETIREMENT PROJECT NEWSLETTER 
September 2002 

Flrstl we would like to take this opportunity to thank you for volunteering to participate in the project. So far we 
are very pleased with the response rate to our local adverts, 1V and radio coverage (BBC South East Today & 
BBC Southern Counties); and more recently by 'word of mouth' . To date 79 of you have kindly volunteered, for 
which we are extremely grateful as without you thore could be no project! 

The project team 
To give you a little information about the people Involved in the project, Uz Bryant is conducting the project and 
was trained as an Exercise Scientist. She is able to draw on the advice of Marion Trew, Head of School of 
Health Professions, who has expertise in exercise phYSiology and ageing; Dr Alison Bruce, a physicist, with vast 
experience of data analysis and Dr Andrew Smith, a blomechanist, who specialises in the analysis of human 
movement. 

Progress 
So far we have welcomed sixty-four subjects to the Robert Dodd Human Movement laboratory, and once we 
have tested everyone for the first time we can then begin the data analysis of the "baseline data". After six 
months and ag8ln at twelve months we repeat the whole process and we will be able to look at the changes 
over time. fts we are still In the initial stages, we are unable to report to you any findings but hope to be able to 
tell you some more about the preliminary results in the next newsletter. 

PrevIous studies have seen no difference in the balance performance of males and females, whereas the initial 
analysis of our measurements suggests there is a difference. Another aspect of the study which may be of 
Interest is the investigation of possible differences In leg strength between right and left limbs and whether this 
Significantly affects balance performance. The results of this study will be compared with other similar studies 
that have been carried out worldwide. 

You may well recognise the volunteer below, Lesley, who kindly allowed us to film her performing both a leg 
strength test and balance test for the BBC South East Today programme. 

Other related projects 
There is another researcher within the Clinical Research Centre, School of Health Professions who is planning a 
similar study. She is looking at leg strength. flexibility and balance performance. The project leader is a 
Portuguese physiotherapist, and the project will be undertaken In Northern Portugal (Porto), with volunteers 
aged 65-89. In particular, the study will be comparing two exercise programmes. So if you happen to be 
moving to Portugal in a few years time you could join in another study! 

And finally 
We are still looking for further volunteers for both groups, those who may be retiring before March 2003; and for 
the control group we are looking for people aged 55-67 and still within fu ll time employment. We are keen to 
hear from you if you know anybody who may be Interested in joining the study. 

Many thanks once again for your support With the proJec~, and we 10?k forward to welcoming you to the 
campus in the near future for either your first of second ViSit . Best Wishes, 

LIz Bryant, Clinical Research Centre, School of Health ProfeSSIOns. University of Brighton, 
49 Darley Road, Eastbourne BN20 7UR. Tel: 01273 643945. Email: e.bryantlplbton.ac.uk 
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ewsletter - Issue 2 

University of Brighton 

RETIREMENT PROJECT NEWSLETTER 
March 2003 

Once again we would like to take this opportunity to 
thank you all for participating in the project and making 
It possible. One of the probJems with long-term 
research projects such as this study, is the drop out 
rate of volunteers. You, as a group, have been 
remarkable, as your attendance has been excellent. 
ll1ank you for your continued support. 

The project 
Retirement is considered a cntical stage of life with profound changes in an Individual's li fe and lifestyle. This 
study IS designed to look at the effect of retirement , and subsequent changes in activity levels, in relation to 
lower limb strength, balance performance and lower limb JOint mobility. The results of the study will be 
evaluated in terms of the need for the production of specific health promotion guidelines aimed at individuals 
pre-retirement. 

The volunteers 

We have had a total of 96 volunteers Join 
the study (53 females and 43 males), with 
ages ranging from 50-67 years. 

Whilst the majority of you are from the 
Eastbourne area, a significant number of 
you are travelling a substantial distance 
every 6 months, for which we are extremely 
grateful. 

Sen 
empoyed 

11% 

U08 

-=::~1IIiii1liil S&HCC 
3% 

ESCC 
I 14% 

ESC I WSCC 
7% I 3% 

Other 

10% I 
Rye 

2% \ \ 

6% 

Bnghton & 

Hove area 
17% 

\ ...;---r--,",-

Easttourne 
area 
60% 

You come from a variety of backgrounds, with a wide 
range of occupations. The chart on the left shows the 
percentage of you from a number of the local 
employers, Including the University of Bnghton (UoB), 
Brighton & Hove City Council (B&HCC), East Sussex 
County Council (ESCC) , West Sussex County Council 
(WSCC) , Eastbourne Borough Council (EBC), Dental 
Practice Board (DPB), East Sussex District NHS (ESD 
NHS), those of you who are self employed, and those 
from other employers. 

Progress f h '" I 
At the end of March 2003 all volunteers (total=96) Will have been to the Eastbourne campus or t e Initla 
assessment, and 68% of you will have returned for the SIX month follow up assessment. 
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Uz is looking forward to travelling to Barcelona in June 2003, to present the initial 
findings of the project at the 141/1 International World Confederation for Physical Therapy. 
This conference will be attended by health profeSSionals from across the globe. Uz will 
be presenting details of the groups balance performance. A difference was found in the 
balance performance of males and females in the first 50 volunteers who joined the 
study, with males' finding greater difficulty in balancing on one leg for 30 seconds. Given 
the higher incidence of falling in women of thiS age, it was interesting to find they 
performed the static balance tests better than the males in the group. Uz is currently 
analysing the balance data from all 96 volunteers and will be presenting the results at the 
conference. 

Clinical Research Centre and School of Health Professions 
On visiting the Robert Dodd Human Movement looking for new premises. The School has grown 
Laboratory (Annexe 1) at the Darley Road from being just for Physiotherapists, to 
campus, several of you have asked "who was Physiotherapists, Occupational Therapists, 
Robert Dodd?". Robert Dodd was an Podiatrists, Osteopaths and Acupuncturists. The 
Eastboume town councillor in the 1940's - laboratory was established in 1998. At this time, 
1950's with a specific interest in education, and the School also gained good research facilities 
hence the building was named in his memory. with the Clinical Research Centre, housed in the 
When the building (Annexe 1) was built. it was top floor of the Aldro Building, on the Darley Road 
originally used for art courses, and at a later date campus. The Clinical Research Centre is the 
was used for computer courses. In the 1980's research arm of the School of Health Professions 
and ear1y 1990's the building was used as a and currently provides support for 21 research 
conference centre for the University, with the projects within the Allied Health Professions. In 
main Robert Dodd building providing residential 2002-2003 a specific research group 
accommodation. The School of Health investigating 'Well being in older people - Health 
Professions took over both buildings in and Occupation', was established across the 
approximately 1994, because at that stage University, which includes researchers from the 
University conference centres around the UK Faculties of Health; Education and Sport; Science 
were finding it hard to make money, and at the and Engineering, and Business. This study is 
same time the School of Health Professions one of the initial projects which will feed into this 
within the University was fairly new, growing, and specialist area. 

University news 
The teaching facility of the new Brighton and Sussex Medical School, a partnership between the Universities 
of Brighton and Sussex, is due for completion in September 2003. The first students will commence their 
studies in October 2003, graduating as Doctors in the summer of 2008. This further expansion into the 
medical field opens up yet further research areas in Sussex. 

Other related projects 
A research project looking at diabetes and exercise is currently being undertaken at the Chelsea School 
(Sport & Exercise Science Department). If anyone has recently been diagnosed with diabetes, and is 
Interested in managing the diabetes via dietary control rather than drug interventions, then Dr Peter Watt 
would be keen to hear from you. Please telephone 01273 643789 or email P.Watt@bton.ac.uk for further 
information. 

Many thanks once again for your continued support with the proJect, and we look forward to welcoming you 
to the campus in the near future for either your second or third visit. Best wishes, 

Liz Bryant, Clinical Research Centre, School of Health Professions, University of Brighton, 
49 Darley Road, Eastbourne BN207UR. Tel: 01273643945. Email: e.brvant@bton.ac.uk 
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Newsletter - Issue 3 

University of Brighton 

RETIREMENT PROJECT NEWSLETTER 
September 2003 

The project IS progressing well, and by the end of this month over two thirds of you will have returned for your 
third and final assessments, with just 30 01 you returning for your final visits between October 2003 and March 
2004. 

We hope you have enjoyed participating in the study, and that you have had both interesting and enjoyable 
e periences whilst visiting the Eastbourne campus. 

As mentioned in the prevIous newsletter liz went to Barcelona, Spain in June 2003 to present some initial 
findings of the project at the World Confederation for Physical Therapy. Over 3000 delegates attended this 
four-day conference and Included presentations of research projects from health care professionals across the 
globe. The programme included key sessions, focused symposia and discussion panels. The conference had 
a Wide variety of dally sessions with specific theme presentations, In particular; aged care (age related changes), 
primary health care, exercise phYSiology and health promotion. 

Uz was able to listen to key presenters In her field of research, Including presentations of "Fall prevention 
amongst the elderly" (Canada), "the effects of home exerCISes and group exercises on functional abilities in frail 
community-dwelling elderly" (Norway), "postural balance training" (Finland), "phYSical activity interventions" 
(Sweden), and "identifying elderly persons at risk of failing" (Sweden) . Attending and presenting at such a 
conference was a very usefulleaming expenence, and it was beneficial to have the opportunity of discussing 
ideas and findings with other researchers who were carrying out similar projects or using similar measurement 
techniques to assess different populations. 

In the last newsletter we mentioned having found a difference in balance performance of males and females in 
the first 50 volunteers who joined the study. However, after analysing all the data (from 97 volunteers) there 
was statistically no significant difference. These findings were In agreement with those found in a large-scale 
study In Finland (also presented at the conference). 
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These graphs show the 
movement that was recorded 
whilst performing each of the 
balance tasks. The top graph 
shows the 'side to side' 
movement (which occurs whilst 
shifting the weight from one side 
of the foot to another whilst 
standing upnght). The bottom 
graph shows the 'forwards and 
backwards ' movement (which is 
as a result of moving the upper 
body forwards and backwards 
whilst standing still). 

Whilst there were slight 
differences seen in balance 
performance between males and 
females, this was not statistically 
different. 



Following the 20-minute presentation, Ltz received a numbor of Interesting questions about the study, which 
has led to the exchange of emails and Information to Iceland, Norway, Sweden, United States and Manchester! 

It wasn't all work and most delegates managed a half-day tour giving a general overview of the city seeing 
Sights such as the amazing Gaudl buildings (Passelg de Gracia & Sagrada Familia) and beautiful Guell park with 
the mosaic artwork. 

Betng Uz's first opportunity to present part 
of her research project at n international 

conference, this photo (Liz standing outsld 
th conference centre In Barcelona) was 

taken for the family back home I 

~ WOrld Phyalca. Therapy 2003 
'4th ~ WCPT eoog, ... 

Good news for the School of Health ProfeSSions as they have recently been awarded a substantial amount of 
govemment funding to purchase new equipment for the Robert Dodd Human Movement Laboratory (where you 
attend each VISit). The funds will be used to purchase equipment such as ultrasound machines which can be 
used both here within the School of Health ProfeSSions for teaching and research purposes, as well as at the 
Leaf Hospital, Eastbourne, for both clinical and teaching sessions for the podiatry staff and students. A new 
Isokinetlc dynamometer has been ordered (used to measure strength of vanous jOints of the body), as well as 
several force platforms (to assess balance performance, and galt), and respiratory equipment (to assess lung 
function and oxygen uptake). This means that we shall have the equipment to undertake many more interesting 
research projects. 

The new Brighton & Sussex Medical School Will be recrUiting a Professor of Gerontology. who may be based on 
the Eastbourne campus within the not too distant future. ThiS Will hopefully enhance the opportunity to 
undertake Mure research projects in the area of ageing and well being In older people within Sussex. 

Dr Drew Smith will be leaving the University of Brighton later this month to start a new research post at the 
University of Auckland, New Zealand. We shall be sorry to see Drew leave, and will miss his presence in the 
laboratory, not to mention his assistance With the general smooth running of equipment necessary for the 
project to succeed. Although Drew is leaVing the Eastboume campus, it is hoped that he will remain in contact 
with us during the remaining period of the study. 

Stnce April this year, a new member has joined the team, Dr Raija KUlsma. Raija is from Finland initially, 
although she joins us after having worked in Hong Kong tor the past few years. Raija teaches on the MSc in 
Rehabilitation Within the School of Health ProfeSSions, and has shown a keen Interest In the project. 

~ 
Thank you once again for your continued support with the research proJect. As mentioned previously, the main 
results and feedback for this study will be available after April 2004 once all the data collection has been 
completed and analysed. 

For those of you who have already completed the study, thank you for your excellent attendance records, it has 
been a pleasure meeting with you, and getting to know you all over the past 18 months. Once again we hope 
you have found the expenence of participating in thiS research project to be both an interesting and enjoyable 
one. We would like to thank those who have expressed an Interest In partiCipating in further follow up 
measurements - we may be contacting you If we manage to receive further funding. For those of you who 
Joined the study earlier this year, we look forward to welcoming you back to the campus in the near future for 
your third and final visit . Best wishes, 

Liz Bryant, Clinical Research Centre, School of Health Professions, University of Brighton, 
49 Darley Road, Eastbourne BN207UR. Tel: 01273 643945. Email: e.bryantllYblon.ac.uk 
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Appendix E Force plate drift correction calculations 

Most commercial platfonns are based on either piezoelectric or strain gauge transducers. The Kistler 
platfonn used in this study is a piezoelectric platfonn. These rely on the production of an electrical 
charge on quartz crystal when subject to an applied force. The Kistler platfonns are the most widely 
used force platfonns in sports biomechanics, where they are used to measure the rapidly changing 
forces that characterize most sports movements. However, there is a limitation for static and quasi
static applications with piezoelectric transducers as there is a tendency for 'drift'. Drift is defmed by 
Kistler as 'an undesired change in output over a period of time, which is not a function of the 
measurand'. Provision to account for drift can be made by resetting the zero output before recording, 
although for applications of long duration it is recommended that corrections are performed (Bartlett, 
1997). The manufacturers state that the drift is largely linear, as long as the temperature of the 
measuring platfonn remains constant while measuring. 

The manufacturers acceptable drift level for the force plate used in this study, Kistler type 9281 B 11, 
is O.IN per second. The current application of the force plate was of long duration, 30 seconds for 
each balance trial, subsequently a drift of 3N would be acceptable according to the manufacturers 
guidelines. However, for each trial a drift of greater than 3N was seen, shown in figures 3 to 22. 
Therefore, a correction calculation was performed on all data to remove the drift, as recommended in 
the working practices for sport and exercise biomechanists by the British Association of Sport and 
Exercise Sciences. 

The Kistler system coordinates are shown in figure 1. The Kistler forces and output channels are 
shown in figure 2, and the force plate calculations in Table 1. 

Figure I The Kistler coordinates 
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Horizontal forces Applied force 
should appear in 

Significant output voltage 

Channel 1 

Channel 2 

Channel 3 

Channel 4 

Vertical forces Applied force Significant output voltage 

fz4 ChannelS 

Fz2 Channel 6 

Channel 7 

Channel 8 

Figure 2 Kistler forces and output channels (from Kistler manual) 

Table 1 Kistler Force Plate Calculations 

Parameter Calculation Description 

Fx = Fx12 + Fx34 Medial lateral force 
Fy = Fy14 + Fy23 Anterior Posterior force 
Fz =Fzl + Fz2 + Fz3 +Fz4 Vertical force 
Mx = b * (Fzl + Fz2 - Fz3 - Fz4) Plate moment about X -axis 
My = a * i-Fzl + Fz2 + Fz3 - Fz41 Plate moment about Y-axis 
Ax = (Fx * azO - My) / Fz X -coordinate of force application point 

iCentre Of Pressure} 
Ay = (Fy * azO + Mx) / Fz Y -coordinate of force application point 

(Centre Of Pressure) 
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Force plate' drift' correction program 

The drift correction program was based on the assumption that the drift was linear. 

For each trial, the following parameters Fx 12, Fx 34, Fy 14, Fy 23, FzI, Fz2, Fz3, Fz4 and CoP Ax 
and Ay of the Kistler data were exported from the Bioware software to a text file. The drift correction 
program looked at the original data for each channel and determined the slope of the underlying trend. 
The data was then corrected for the drift by adding a correction factor based on this slope. The 
program, written in V isual Basic, was an interactive program allowing the original data to be viewed 
alongside the corrected data. This enabled a visual check to be made to ensure the program was 
working correctly. The program then created an Excel spreadsheet for each trial, which included the 
'original' and 'drift removed' force data, and centre of pressure calculations. 

Figures 3 to 22 show the effect of the correction program on data for subjects ID 06 and ID 40. 
The blue line shows the original force data and the pink line shows the drift removed force data. It can 
be seen that the correction program removed the drift from the original data for each channel. 
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Force Plate Data - Original and Drift Removed - Subject ID: 06 
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Force Plate Data - Original and Drift Removed - Subject ID: 06 
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Force Plate Data - Original and Drift Removed - Subject ID: 040 
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Force Plate Data - Original and Drift Removed - Subject ID: 040 
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Raw Data 
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F 

F 

M 

F 

F 

M 
M 

F 
M 

F 

M 

F 

F 

F 

M 24 

25 
26 

27 

28 

j-_ ... 

elF cr F 
R"' j F 

C M 
29 C ! F 

---t-~< ... 

30 _ _ <!. i.- M 
31 C i M 

~-----+--

32 R 

33 

34 

35 

36 

R 

C 

R 

R 

C 

M 

M 
M 

M 

F 
M 

39 C F 

:~,-~l-i 
43 c M 

44 R M 
45 C[--F-
46 C 

47 C 
i'" 

F 

F 
48 R j F 
49 __ ~ .... '1".- F 

50 C i M .". ___ + ___ A "-t 

51 

52 
53 

R 
C 

R 

F 

F 

M 

(\,rs) I(kg) 

_6:;r:"":6~6: :::~'" ':: ~{r:~I~iL:t=2~: 65 

58 

51 

55 

63 
59 

61 

78.2 175 2.5 6.1 26 20.4 29.3i 20.5 

~I 
63 

57 

1 

----_. 
65 

52 

54: , 

..... ~ ......................... j. --

68.6 167 2.5 5.8 28.2 28.26 29.6! 32.3 

91 i 179 ~.13i _ 20.6 27.7 .. }.?:.~ 24.8 

5!n 164 213' 12 29.6, 29
u 

20.5
1 

,24.8 

75.6 169 325 6.6 33.1 31.8 19.4 18.3 

635 
62.6 

54 

75' 

10~6~t~:J 1H ._30~i- ~!:~i ~~~i 1~~~~ 
3.751 

I· 
22.6 172: 20.1. 15.7 182 

19.8 14.6 14.3 13,7 

159 

2.25i 9.12 167 
. .... -.... __ . __ ._ .. _- .. I 

71.5! 178.5 3·L25 51.3 40.6 37.7 33.2 

64.5 1625 2 17.26 19.1 19.5 15.8! 189 

19 22.96 25.4:-23.41 18.4 
••••••••••••••.. _-_ ...• .j. .• --_ . 

168 2.12 
.. ..................... . 77 

4.73 27 27.6 18.3 15.9 

:~~! ~::!; 1i~t -~;: --~~.~ 
6.! ___ 78 169.5 1.371 
59 75.5 1712 3 i 
50~~r- 162 2 -~ ____ 21 
57 71, 1745 2.87 17.7 26.4 22.51 18.7 22.2 

8.13 23.3! 31.3 15.5; 20.7 
................. ~ ..•.. 

6.65 29.9 229 19.6 19 ._-- - "--"'-_. 

59. 58.5 155 2.75 

?2j.. 105 184 --225 
73.5 1642 2.25 4.1 30.8 31.6 19.6 22 

6'1~'-- 61 159.6 2.37 4.24 20.~16 1~ 13 

56 56: 153 2.25 10"'29.2127:21 22.7T2i.1 
·············, .. __ ·······r .......... ·:·· 

53 87m .. m ... ~!{) 1.87 5.3 31.31 _ 39.!tm .. ~.?:.?L 2~:.~ 
60 84.5 167.5 ...... ~.:~?T ... ~.5:79 .. ~.?.1! ~36.9i_ 30.9 

.--~-. -~!:-~-::~:~f ,:}~:i;t::.il~~i ~~1 
571 86 183 2.25 7.39 23.5: 23.5 24.3 153 

.....................• 

60 94.4: 174 3.25 13.41 23.7 23.3i 23.3 24.4 
..................... -.... 

6_2 __ ~6.5; 173 .1.?: ... ~ .. 1a_2!.:_8_. _23.:6 24.1: 309 

65 102i 186.5 3] 10.5 57.1: 39.7 33.8: 24.6 
78.51 ·· .... 1·70 .... ·2.3i 12.9640.1r~~.:~r· 34.3 26.1 67 

60 

63 

65 

59 

64 
I -~. 

62! 

57 

63. 

65 

72.2' -'162.5 1.62! __ ~2_ 5o:~1 33~~!.~~.:.~.. 22.7 

76.6 158 3.6 21. 08 28 8 37' 32.1, 27 ..... --t----... -. f .. 

83.5 176 2.87 17 49.4! 27.5' 39.5! 2B.1 
75.5\ ... 159.2 36 4.4--3-0.-6!-- 30,?! 30.9i 19.8 ---I 
69.5 161.2 _ 3.25 3.62 37 .B~1.4. 43.7: _ 33 

618 159 3.75 5.77 .. 31.81 28.8 , 19.2' 20 

81 1592 3.25 3.3 .. _15:~.g.:jL45.3 ~ 
72 

93.5 

165 3.62 11.6 50.3 36.5 ' 29.9 23.1 

171 2.37.~9 45~~9.4~.1 .. :±L 21.6 

156 2.621 4.55 29.4i 23.6 31.2 28.4 

1632 2.75 8.252~.~.L 22.5:_24.9; 18.1 

55 63.4! 
'1'--

621 744 

1695 3.25 213 34.5! 36.8 26 24.5 

158.3 2 10.17 24".4'1'''' 27' 17.B 16.6 
58 78.7 n"+ ________ ··" 

?.9 ... _ 85
1 

:! ::' 14~:I~t12!.~. f,:; !;:jlfl;'::~~ 
:- ::!'r---m --222~;:-~~-68:-:::1-- ~~12:i! ~ii 

199 



: I 
I~_ : Group. Gender Age _,_Weight Height 

Baseline 
Phy~_~ct 

Work Home 
Range of CoP (mm) 

Eyes Closed---E~~s.Ope~ 
(yr:;) .•. (kg) I (em) Score M·L A·P M·L A-P 

:5:7 i ~R F~F- ~L ~: 
58__ 6981 

168 

177.8 

164 

167 

';;AT' 
2.8~ __ 6.86 .. 21.91?!.~?: 17.9i 18.6 
2.5 7.11 26, 36.7 25.6, 26 

•• ___ .L. 

3.5 542 36.3 27.7 28.3 23,2 

11.5 34,8 275 33.8 1 30.5 25.8 

59 C F 58
1 

!~~j 
60 C F 60 62.3 ~:: ~::I ':::1l;1 ::if::·~ ]: .,. -- ~-.-~--... 

61 elM 63 80.1 
....•.•. -.. ~ .••••••.•• -r •••••••.... " •. ~ , 

62 R M 61 68.1 166 3 14,6 38 33.9 26.3 23.6 

63 i R F 60 53.41 159,4 2.38 2.63 32.6 33.3 28 39.6 
l ........ ..-__ 

64 ,R M 66: 67,1 172 l:~~.i 2 29.5! 25.4 26.7, 26,8 

SST' R M 68 76.5 175 2.5 10.2649'~I~~~~r 39.41 36.6 
66 C F 58 74.5 170.4 2.25:, 7.11 27.2. 28.8 25.21 23.6 

:~ R_,~ F · .. · .. :~· .... ·' ..... 9.·.-.. :·:.·.·!1 ......... -... · ... 1,.6.,1.984 ......... 
5 
.......... ;:~~ ::::-~:::: ~.~~}·'·~~~f ~::: 

69 ~-'l---~-- 561.~ 170.5 2.12 3:4522.3' 23 20.4 22,8 

70 " ... R M. _.~ .. 137.5 183 ....... ~:.~~r. 1~~! ..... !a.:~I'j~·lli ~.!,30.2 
~~+ ~ ~ ...... :~r ::~ ~:::: ~:~:; 15.2.8 ..... ~8;~., .... ~~ ... :; ..... , ...... ~~:~f .. 2i.~ ;: n~+ ~ __ ~I~ir ~ ...... 225 1~~:· =-40~ 38:.~P3:1 ::: 
75G~. . 58: 7~Ji6:'~ · ...... ;:;:t 10.72 37~~ .. _.2!~3, 27 .. 2_ 29.2 

" ' 
76 : .. C M 57 76.7 172.5 __ 3. 21.9}~1"" 29.4!2~i 26.5 

77 C F 60 68.3 169~~, 15.66 25:~j?0.1,,?1:~.;.~.!-7 

_-.!_~_ .. C
r
,' M?81 103.3 176.5 2 .. 7.36 _3~:?~ 34.6 24.1' 20.4 

79 C t-, __ M 56.i. 75.2 182 2.5' 16.05 30.4, 31.9: 21.8' 22.6 

:: i ~ .: ::- 67~t .. '~6;; .... im ::.: :::::!\ :::1 33;: 
82 C M 65 89 179.3 3.87 12.2 41.9 36,1 30.8 26.7 

83 

84 

85 R 

+-..... .-- ... -.-.................... [ ..................... ,-

n mm~Unmi:~+' ~:~ 1. 3~ 1 ~ ~~~ _n-~:j~~nii:.;l~iHjm.:~.;:; 
60 64 ....... 1~~ .... ..... ~J: 7.08 25.7· 24 \~ .. ~ 

:~ ~n-- .. -.. : .. :n ....... : .... -.... Fn .......... 666--1-0~I_m~86~2~118~1~58 ~'~~:~nn;til.m_~::~lm;~:~~ ~H 
88 262: 58 28.9 1B.6'. 25.51 17.4 

6576,-1----m; n~115.~~34.9, 32.2 25.9 26.6 89 

90 

91 

92 ..- I 
93 I 

94 

95 

96 

97 

R 

C 

R 

R 

R 

R 

R 

M 

F 

F 

M 

M 

F 

M 

M 

F 

63 73 170 21[ 62 28.5'· 35.7 275 23.8 

::1 --=fi¥~::iL'i~jifr4:~~F :::: 
54 83.5 175.6 2.75, 3.36 29.1\ 22.2\ 25.1 21.3 . r-n .. , .. , .......... _.". , ........ n_ .. ,n ......... " ...... .. 

nn!~l::::·,·· .. um~i~:.i - ~:~l-.~ )6:~ -- ~:~uuu~!}3;.;rm2J.~ 
-:: ~~::I ~:~:~,\:-~:m-1::~: m~~~:t ~~:~1-2i.~: 26~1 
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Baseline 

201 



Baseline 
lYange ()f,~()P (mrilL 

._--, .... 
Range of Motiof1Jc.JHgrees) 

ID SSL SSR Left limb Right limb 
PeakTorqutj (Nfl2L 

Left limb 
I ' 

M·L A·P ~_ A·P Ankle Knee HI~ ,Ankle Kilee IHIP Ext@60 Ext@,~80 [Flex@,60 Flex@.2il0 

54 35.2,_54 i . .., 46 1341 81 44 135~ 8 10011 49.8 ~6 9 _ 347 
55 !. 69.5140.4 5613310 4613411 152 100.6 59.7 454 

56 37,1 L 32 1 35.4 31.4 53 132~L 49i 137 9 103.2 54.8 57 36.9 

57 30.7 37.5 41.7 46.5 58 128.~~! ._.?2 1291 14 90.4 38.5

1

! 46.6 27,1 

59 32 386 45.1 ' 42.5 56 133 1~, 56 !~2, 17 9991 70.6 32,3 29.2 

60 33.7' 35.2. I. 47 133! 12; 53 130 11 86.5 55.3 49.61 33.6 

61 54.5 988i-57i_' 50.9 52 i 1431Q., 53j 139 13 124.5 89 59 49.5 

62 42.7 40,1 38.11 82 48 130 13: .. 39 132 13 109.6 54.9 50.7 42.2 

~ 1~~;! 6~~. 41.2': 34.9.;, ~!~~:I :;'i"}~~!-;~ _. 1~~lf~ ::::! :~:~'II !~:: 
:: .... , I 36.9 36.~ __ !:I ~~~. 81~t ~~:-: 1~~} ~~:;~~,~, ~~:~ 
67 _I 44.9! 39,1 44 130 10 4

46
1 .. _113

33
1[' . 9

a
, 14631."41.,.,.',. 53.4, 33i 35 

:: ~!::! ;~:~ 39;:, ~:~~~+ ~~~I 1~1 45 128' -8'12iel 1~~:~I'~~·~~~'f ~::~ 
70 

71 

72 

73.7, 99.2 42 121 6 401122 8 189.4 14151:2~ .. ~_. ..99071 
36.4 35.8 31:!:ii 29.9 46 140 7 45 140 6 161.5 . 
279 33.3 43.1 36.6 47 127 13 47 129 8 58 27.5 22.8 

82.6 

63.1 

20.9 

~! ' :~.:i :~:~ ::.: ~~:: ~ ~j}l~1~r-' ~:~~~I 1~11.1.0 .. ~~1' ~~:: :;:~ :~:: 
75+ 411 ... _137.. -, 137 9 818 65.9 49.4. 37.4 

76' i '34~ :~:}I"·~i.~1 ~~:~ 53: 134 1~--:~1 130 11 182,2 116.9 81~4r 62.5 

3~1r-~_~.~; 35L·-3-5.~ .... ?5;~i.~i9i-,-~~. 130[ 11~~+ 70:~, 35 31 77 

78 

79 

BO 
B1 

82 

83 

84 

44.6 476j ...... ___ ~!: 119 8 5.1..~20l, 7 135

1 

90.9

1

' 79 59,5 
64k 101.1 B 132' 8 46 132 8 136 100 64.8 40.4 

35.5 3~~~42.6r45.8 49 137 10 "55i_j~.11 61.B 43.4 26 20 

37.11 43.4 42.7 40.2 51 137 9 48, 136 11 90 45 55/' 37 

36.3 40.3, 35.9 30.9 50 1321' 5, 53 133 5 143.5 106.9 74.6: 58.6 

36.2' 62.4[ 32.7 54.1 ~81 130. '1 54 1291-9 49 41 27 27 

38.5 449·48.41-84~ .~. 137 14 51,135~ 9~'1 51,8, 46.4 33.6 

85 

86 

385) 462 503 47.2 35 i 129 937[130 9 .6.2.L_ 52 28 27 
59 132: 22, 62 135 22 78.4 38.9 226 20.5 I . . 

1---f: 
87 ,33.7 30,2 35.1 37 

88 35.5 39.4 38[ 40.3 

89 I 
90 41.6 31.61 35.6 30.8 

91 46.9 56.1 

92 568 78.1 5411 56.2 

93 41.8 44.1 40.6 40.5 

94 357 33.91 33.1 385 

95""'455' 34.81 39.6 37.1 

96~~~,51 65,8 35.71 32,9 

97 

53 127i 4 53 1291_7_ 12~._..28.3. 52.91 
55 136 11 54 134 12 89 54; 55 

:~ :~~, 1:: "'~I :~~ 1~ 1~~~~: --~;L 53~: 

64.5 

43 

48.7 

36 

30 44~~~~ I 47 127( 10 120 82' ~I 
~~j ~~~. 1~' .:! }~'[ ~~ 157 ._~~;, _50 l :; 
46 140 17,_.~5J 140 14 ...... 8~01~! 52.7l 39.2 _. 29.7 

50' 144, 11, 50 140: 12 139 95.9 ' 65.8 

47) 131 ~J. 40-1pl .. ~ ... ~.~~:~.; 57.4 767, 
51,. 10 47, 15 71.2; 46.5 42.8 

202 

56.B 

51.1 

30 



6 Months 
--~.~.-~.---f· .. Baseline 

. ..... _ .......... _ .... . 

I
ID 

.Peak Torg_ue (Nn~L 
Righi limb 

. Phys Act Range ofeop (mm) 
Weight 1 Height Work 1 Home Eyes'Closed - Eyes Open , .... --.-.... - -_. 

Ext@60 Ext@1BO Flex(Q).~O.~lex@180 (kg) I(em) Score M·L A-P M-L A-P 

1 62.9 4121 37.7 26.7...!..!:81 168 a 12.41 37.9] 32 33.3 23.6 

2 89.5 61.31

1 

35.1 31.3 66.8 169.4 2.63 10.96 37.5134.1 25.7 24.1 

3 107.5 85.8 53.8 53.8 78.6 175 a 4.48 26.3 22.sl 16.4 21.4 

4 77.1."...__ 6581 38.2 30.4 65.2 167 01 8.51 33.5i 31.6/ 31.8 26.3 
5 82 50.7 45.81 27.1 89.2 180.1 2.38 18.76 45.6 36.2, 23.1 22.3 
6 72.8 29.~i- 33.8 :---'29.7 . __ ... ~_ .. i _ ' 

~--+-.. 1~75~" 79~~. 62.5; .-............. ~~ ..... 7~~ 16~6~ ~i! .. -.8~~~ -~:.~ ~~:.;;, __ ig
l
!. ~~:~ 

9 1 65.'41-' + --r----

__ ...... j .. .~~.:~_ ......... ~~ .~L 27.4 63.9 160.2 32~_~~ ,21.8; ~!_ .. 17.~L 20.9 
10 76.2 47.2 38.4 32.1 54.5 158.5 3.75. 23.85 25.5 , 23.4 20.8 16.9 
1-1--"1~~:§f'-64!-4i3' 33· .. · .... ·74.4' .... ··167 -2·:25; .. 1?~56~j.~j:1 .. 22 .. ~~:1_ 12.1 

12 118.9 85.8, 84.1 62 72,1 178.5 0, 7.79 47.1 40.6 42.6' 32.3 ). . .......... _......... . ----
1]. 67.4, 57.61 40.8: 32 64.1 162.4 0, 13 29.1 24.9 25.3 24.1 

14 1-. 1077_. _~8.2 74 ;41 52,"S 75.2 167.6 2.5! 171--_21. 22.2. 20,8 19.5 
15 147.8 75.6 76.9 595 79.i 169.3 21 6.85 321 29.4 25.9 21.5 
16-98- 55.9 656 31 77 1 2 I 90 ! 3-" 
17 100.9 52.1 -- 61 :8.

1 
~5.!l... :.6... ..+ .. ___ 2~ ~5 .~:: r1e~ i 1 ~:: I '. {~~~ ... ~ ;:; 

18 145 1036 77.7 51··~~.:;[~i!:~~:~jr 18.3425.1'--22.5. 17.8~ 15 

19 ... ~.~.:!f ............. ~g. 16.4 18.2 58.6: 155 2.75 8.23 29.3 28.9 32.7 34.5 
20 254.5, 149 117.7. 103:8' 184 0 7.71--30.5 26 20.5 27.3 

21 I i~5r-' 48.3: _ .. _~_ .. _ 2'8':'2 '''''''-75 .. 16.4.2 ~! 4.87 16.5 27.2 23'~.l ........ ?4 

22. n 861 ~5,~" 41.9 40.1 59.41~9:5 ......... g 6.S6 18.2 h~gJi 21.:.!~.......!!:9 
23 68.1 \ __ 45.7 __ .29 22.1 54.3 153 2.62!g:~§ ..... ~_4.a~~:il.??._ .... 19.3 

~:~ir ,~l ~i -~7! ~~!;~~1~1l;~i:~1~r!li~;~!'2~ 
29 54 33 26.4: 20.7 66.a: 157 2.62 7.4 31,6 34.5; 26.9 28.2 

---f----... , . --- ... -.......... -i --.---- ..... 

30 181.7, 10S.9 83r' 69.4 88.8 182 2.37 7.73 27.1' 24.8 23,5: 20.4 - --+--_____ . _____ ~'. . ........ -._._ .. ~ ....... _. __ ... _._ .... _-_ .. -.... '!"._ •••••••••••••• t" .0. 

31 951

r 
682! 57.8 51.1 94 174 3.13..J..!:.?_19.9, 3O.4,_ .. ~.~~.~ ........ ?5:4 

~~··'1·~!~t!-" Tl~'~t~~ ~j~.~... ...... :~,: -::.~~.~ ~ 1~:'! !!:!i ~!:: ~\i" ~~:~ 
34 . 141.2~~j 64.7 43.8 ..... ~S. ........ ~69 .. ~:~~1 ~~:~~ 43 41.3 2~c-_~§'~ 
35 65.4 32.8: 41.2 ... ~ .... ~!.5j .. 162

1 
..... __ 47.7 3S.7·}9.~6 30.3 

36 69.2 39.3 28.2 26.3 81:f 158 01 18.34 29 .. ? .... ?.?.:?. 3?:~ ... ~~.~ 
37 153.9, 96:?:. 87.S. .. : ............. ~7.:~r--.. S.~ .. _.~.75 ~}!_16.3 __ ~.3.3 32.81 33.5 29.4 

:~ IJ1~::~:E !{il~ -~~:Li~ 3~~ 4i~_:5~-f:: ::11 ::; 
42 44.S' 29,4 25.6, 13.3 82.4 159.4 0, 9.72 .~1·~.i ..... ~~.:~.~; 23.2 

43 136,5 92.5 32 41.6 7~:§ ............. 1§53.8S.. 105.§ ..... ,'1:5..4 35.7, 4?51 28.1 

17 

44 92.5 64.41" 4
27

1'.4
51

., -----.2185 .. :.~5' 693
6 

.. 
4
5' .. ~.~~. ...... O. ~ t-~.?:.9 i~.~r .... 3~:; ~~:; 

45 78.4 54.4 .... , ................... _...... .... ~.~ . .?-38j.~ ... ??5; 
46 34.3. 29.6 37~ 26.7 75.9 163 2.37 6.7~.?:~: 24.6 21.5 28.8 

~~=:7~r~! 1::1 :~: ::: '~9;: 2~ 11~:, :j~:Hi:~ ::: 
fa 148.5 81.1 6_9._.4+1' __ 45_,7_"1' .... _ .. H81(1i6:i7~~1i82·45.81· 41:/"'35:8 

,51 99_8 70.4; 49.2: 30 .. ? ~~:.~'~::- .... 1.~§~5 ~.Q;., ... ~...9.:~E) ... ?~:41... 2616.9 ....--r· t .+ 
52 128,8: 63.6 52.1 35.5 81.8\ 166.6 2.12; ..... 5.56

1 
3~:S.: 38·~.:.~?,:S.1:'''''' 

0: 13.02 26.5, 30.8 1 26.9! 18,7 

29.9 

53 j 107 38 44 25.4 102.3 183 

203 



ID 

54 

55 

56 

57 

Baseline 6 Months 
.yeak Torque (Nm) Phys . .A.ct RangeoTCoP (mm) 

I .•••• .,........ ..... ~ 11mb. Weight 'Height wo~~Jt:i~e EYes·~iosed:~~~-.s.(jp~n 
,Ext @.l ~O .• §xt @ 180 Flex @ 60 FI~.X @ 180 (kg) (em) Score M-L A-P M-L A-P 

1028 1 59.7 39.9 30.1 77 168 Or 6.~!·- 27.3J 20.2 17.a. 16.5 

1395 81.8 60.9 48.3 75.3 177 01 10 34.2' 44.6 25.6 25.1 
103.1 

101 

52.1 

51.8 

45 

22.1 

-- -t--

88, 164 3.31' 3.5 22.7 25.7 23.9 20.3 
I 

67.1' 167.4 
, 

o 14.61 41.8 42.2 29.5 ~ 24.8 
.-i." 

59 48 37.3 35.41 35 75 1643 2.87 13.39 29.?: ..... ? .. a..~~, 27.5i 22.2 
60 82.6 51.4 457, 31.1 64.6 1702.25116,38 52.21' 41.1 33 27.5 
61 643: 71.5 70.4' 53.6 80.2 188.5 2.25 389 62.4 '61.6157.7 42.7 

62, 104.1
1 

636, 61.3 42.4 71 166 .... 9, .. 12.,64 436 332] 34 314 

EL 'E: ':;; ::,:, ::1 ~:I'~;::.·._ .. ;,:,.·.·.·.·.·.·.·.·.~ .. ·_:.: ... : :::'3i~: '::, ::: .... t--;_. ~!:: ...... , ... :.· ... " ..... ~~ ... :,.4 ..... :}-... r.·.· ... 2.3 .. t~~··+ .... !.-:-.'.2.1. :~'I:' 1.284···9 ... 86· .. - .. · .. ·-·--E)~:\···43·77 .. .':·.·21......... 4
2

°8"':.-2
1

. 73
8
·9
5

! 17
1
°7.

2
0 20' 1

6
3 .. 

3
2

3
5 .. . .. ~ 

1 
51.91' 1 33 .. 1, 38.6.! 2.5 ... 9".~8 .... _3 

:r~~L::' . ::::, ::: ,::~'-,~:,HII::~?O;~i!~;j ;::!::: 
70 ...... ?!~:.3.. 140' 75 .. §g.~ . ......1]~.5i18i2 .. ··oi·12.6 9.1 43.9. 10.6 26.6 

~~ ;:.~: 11~~ ..... ~~:~n. 1:: :i:~L 186.6 3.513.59 19.41 22.~: 20.:.~. __ .~.3 

73 106')- 723. .631- u

54.8 82~ '~'~ 10':J~~.· 3012"'t~:1 ;:: 
74('.147.7 86.2r 60.6 39.6 181_i.1% ... ~~:~i .. 32iJ ~H23~~L 33.7 

~: ~~~:: ~~:~ _ ;~.;' 6:': :i:i·1!1°;~2jLj~:~~i81- 43.6 =26~5= ~~:: 
77 602 42.2 34 ___ ~ _ 68.4 169.1 ... _~ .... ~7.:.~ ........ ?9.6; 25.1 ... 35.11 25.6 
78 162 99 80.4, 59.4 104.3 175.6 1.6 4.95 46.7 49.3_15.?i 25.1 

79 129 72.1 ~~8:il 50J4~?1 182?~~~.L 13.22 37.9: 40.1 26 30.3 
80 74.4!. __ ~!5~_ 2~~._~~ 64.8 166 3.62: 9.99 43.2 30.8: 35.6 21.3 

8
82

1 65 54 48 345
9

5
0 
... :.5

7
+ 116729 ... ~.~6.. 3_0511 .... 1152.·.~2 -2300·.33r23·9~·.761 ~~',83 18.1 

83 171~~:_~~I--=~%;_' _ ... 64~: 77.5 1671:6~t~_.!:?2 ~~:.!.119.2 ~~:~ 

r: J:f;: ::~ ..... ~i:::! ~;,: :;::f:~i::l:::!t:!~ ::: 
87 9~11 .... __ 8~.1, 73.2, 67.8 99.9 186.5 0 , . 17.6 46.41 36.8 26 24.2 

88 .. ~. ~_ .... 58' 44 62:?L.~58.2 2.5 5.82 33.5 26.4 25.1 19.7 

89 130.9 ._-",,-_69.1 51.3. 38.8 75 .. ?.! 176 0 15.39 52.9 34.2~!~1 34 
90 110 75 48 30 72 170.2 2.12 5.65 27.8 34.9 38! 23.3 

91 - --1'06- 65 44! 34 75.5. 159 __ 1.75i 8.15 41.71 30,1 28 26.6 

92 150 88 90, 71 82.3 182.7 2 6.66 43.4 39.5, 26.6 35.6 ...... -;.; ······1 
93 112 61 73, 41 84,8 175.6 01 2.44 29.9· 20.1, 26,1 30.8 
94 852- 51.4 47.6 38 --"57:4: 162 o! 10.4318:76·:· .. ·202' 19.7 16.96 

95 149 93.6\ 69:.~ ...... _ .. ~?2.~?:3.i 178.8 0~ .. ~3.:3. 39.7 27.4 28.2 18.9 

:~ ~~-"'-':!:: :+ ........ -1H "-6i~'115~~~i~ __ }4.7 ~~: 
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6 Months 12 Months 
I u Peak...Torque (Nm) .... _.. Phys Act Rimg~_of Co~ (mill) 

~D ..~~gu~tlimb ~eiq!1tTHeight ~ork jHome ~yes ~I~sed Eye~ <?pen 
.....;Ext@60 iExt@180 Flex©. 60 Flex@180 (kg) ,(~m) s~re_ ~J A-~.lM~~ M 

1 \ __ 66! ~9~61 28.9 24.1 71! 1e.~:1 ~1~91 36.7 31.7~8' 22.7 

2 . 1~~:~i :~:~ 35;·~t- .. 2~40 6
7
9
8 

.. 6
5

1 

169.4 ?63
0
! 13~?2 3~1~:.~:W---22:7 

3 _, 175 6.43 22.8: 19.8 29.4i 21.6 

: 826
1 

50.7 33.6 23.6 61.5' 167 .....Q.! 10.41_~3.~L?~.:1'" ~1.81 23.3 

6 99.4. 71~2t 40.3 23.6 89'!L_~2 2 16.46 .. ~~..£.._~2:8i3.0i 17.4 

7 

8 

9 

10 

11 

. , 

I 

122.7 

--.~: 
65 

75.8 

114.2 

--....---

78.8 

74.3 

34.8 

373 

59! 

47.2 

25.4 

24.8 

43.4 

78.31_ 168.5 3.5 5.98 22.6. 24.3 25.5, 17.1 

66.51 160.8 3.621._4.2---30.2121.~.-24.4)"2_~~~ 

~~; 1610~~ ~:~' ;~:~~;i.:.i:i~~1t~3~~ ~~:~ 
78 166.7 2.25' 9.29 17.6 1~'~L~6.7 13.9 

~:- ~~:l 6~: ::: ::: ~:I~ 1~:.:=-~1 16~; -ia] ~;;iil :!: 
14 81 43.4 74.7 44.6 76.1 168 2.12 15 23.7! 17.9i 22.5 15.2 
15 139.3 92.9 i3.s----

u 

57.6 80.1 169.5 2' 6.45 32.3' 35.91 24.4'- 32.2 

16_~2.~1 57.4 61.7' 44.9 77A-m 2,62 11 43-21~ij" 29.9 21.8 18.7 

~~ I 14~ --,~~I ::: ~.~:~f ~~: ::1- ,:: 1.:ir '~:['f. ~::~I ~~.j 
19 50.4 32.7 --i,4:~f __ 21.~ 57.4 154.7 2:.?5 8.5~~: ~~ 24.8, _3_3.] 

~~:'~~l~ 2551 1,4~ ___ 119,.:_ 9~ 184 0 10.96 26.1' 26 18.7 19.8 

22 • 7~: :~~I 373~ ::: -lit :~22ciLi6i; .... }ijL'~:: _::1 :~~ 
23 73._5.---_4_6.8' 33.91 22.5 54: 152.2 ~5 . 7.53 30.5~1.4; .... ~ .. . ?2J 

__ j... .. __ 89 175 1.75 5,06 .. ~~~~., ~~.~_. _25.8 36.4 24 

25 

26 

97' 70.5 53.3' 34.7 84.4 167.1 2.38 9.07 35.1: 38.4 30.4 35.5 
-" ----- - > -----", 

1~~:~~!:~1 ~~:!i. ... -::: 57~: 16"': .'ciL':::i::I:::_~!i~i: 
159 114 841 70 93.1 181.8 2.62 9.95 34,31.1 23.7, 33.8 

29"j59:- 35.7 25.8' 21.4 693

1

' 156 2.8 7.48 32.75361 27.6 24.3 

30 188 120 99 74 86, 182.4 2.37, 8.94 22.8 27.3 18 22.6 

27 

28 

31 

32 

33 

34 

116 70 58 49.5 93.7 1742:~~j-11.51~._04 20.8: '. 30.7 

1201 102.2 72.5 64,3 91.4 173.1 0; 13.42 29.4l~3.2.71 22.6 
128 '-112' 77 68 98.6 185.5""0[-'12.85 42.8 30.1 21.2, 23.6 

151 111! 67 41 78.61'''1702:12-1-3.4936.6 31 24' 25.2 
j .----_. ---,--

35 70 38.4 53.7 35 67.9! 162.1 ° 15.94 47.4' 42.7 33.9 26.3 

~~ . ~6~~~ .. -~~5~10:.: _~3.0;~~>- 27~.~7 .•.. 88.·6.;·1 ~1!~~; ·.~ .. 3_.7~1,-. !;~J .. '~:I. 2S:i:i,.c?j_~ 
39 97 581 52, 37 77.4 156.7 3.?~.,1.8¥:~35.8 27.1! ~~ 
40 86: 52 ,." .... 38! 20 --67.7: .. 162 - 3.37, .. 6.5 59.8 39.11 32.1 24.3 

41 ..1 7 2'1-- ="53 4!tm"...}~?~.6; n 159'''3.11 7.8~2~~1 24~i"17.~ 29.8 

42 . 38.9:-== _~4.61 .. ~ 33.6 79.3
1 

160 ot 11.6 __ ~~~ 30.2 __ 23.9t 24.6 

~ ;,::~,::::I=-ifi _9~:! ~~::~L~ij 1i,i ~HI :~- ::: 
:: .. 405

1 

327F::35.. 28.6 -7:~ ;~:i6~1. :: ~:~t ~::if ::: 
::~~3.31.. 62.6~8~~L __ ~~~'" 76.7: __ . 158 __ 0._ 14~ ___ 18·!4~9.8i_ 1R3 

._, _.... 64.4: __ 5!:7 78.7 •.. ~~ :~.62r 13.52 4a.i 47.8132.9 28.4 

48.8: 32.3. +------. ,. . tl . • " 

49.8
i 

.. 44.5 --77~41 166~ 2.12' 6.1S--'36.6.31:i2s:g'n3 
25.z! "'23.5 -94.2' . 183 -, 0' 1-1.13 "'19:24:1 ~ iO~8 21.7 

50 146 89.4L_ 

51 99.3 65.5: 

52 143.9: 72.5 
--T --

53 103.2, 29.8. 
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ID 

54 

12 Months 6 Months 
Peak Torque (Nrn) 

Right limb 
--T Phys Act .~~-.~g-.. ~-... of¢op (mm) , 

Weight -r~ei'Qht Work iHo0'e- Eyes C!osed I" Eyes Ope"n 

M·L A.p 

14.t·"22.1 
Ext@ 60 .l:x~ @ 180 ,Fle~((j)60~Fle~ @ 180 (kg) (em) Score 

t 106, 61, 35 18 77.3 168._°1-7.09 

M-L 

6.5 

A·P 

13.5 

55 .J _~~O.8! 97.81 68.3 50.7 70.4 177.2 0 998 378 __ 45.5, 37.7 43.4 

56 

57 

59 -. 
60 
c-'-
61 

62 
63 

64 

65 

110.6 63.91 46.6 45.6 86 16..i_~J5, 4.~ c-,_3_4.5. 28.8.,,2_3._2 __ ~~2 

~ 96.1 43.7' 50 .. !! 22 63.5! 167.2 0 14.5 45.4 47_.5_24.1. 24.1 

:!.:'--5-8~ )if ~:~i ~:: :~:~: ,:~: ::: ;;~ 22;;i"': 
~~.: -~-3:-:-_5_554-·9-... 5~: 72~~1~ ..E~t 1::::1~:: :ci~::iHI~l:~ 

'.~-' .... , .. -'- .".-. I .. ·,....: .. 

659 44.5 30 26.3 54.5 159.3 0 10.27 28.8 34.5 25,6' 25.7 .. ,,---- , 

'::f109~:I:: ;; ::: 17~:~ ':;;3~;j::: iii-:"~ 
66 129.1 76.2 56 38 75.5 170 2.25 5.56 27.4 25.4 29.2 24.9 

I ,,---,'-..- - . ---- -". 

67 86.4 59.3 44.5. 41.4 83.3 169 0 18.85 27.2 29.1 27.9 29.6 

:: 1615~~ ~~; 9~~j. 76~~ _1~~.~ -<7
1fs -~~: 66~: }~.~~~ ~!::L~~:~ ~!:~ 

~ ___ 206 151.6 80,8[ 77.4 142; 1~3 .. ~....J!.:.~~ _ 22.8,39.8 15.9 31 

71 187 117 105 6382.41 ...... 187.~3:.?~1? .... 242 22.6' 20.9 19.36 

72 ~ _~.'.~: . 3~,,_, 28.6 23.6~3.4 . ... ,,1~? ..... _O' .• 1~J~.,,4Z..8 23.32g_~o..9 

774
3 

11 ..... 11 .. 23 .. 67 .... 99 .. ',.-. . -........ -.8
8 
.. 2
6 
...• 3

8i
.,-.... 7

52
° .. 6

7
,_, .... 56.3" 83.5: 183 1.5! 6.13. 24.6: 27.8 35.5 63r~ ---0 23.78 58.3 47.931.2 .. Z7 

75 1 81.9, .. ~l'.?i 37.2 34.2 73. 170.1 ~13~~ _~lA~i:.± 26.5' 26 

t~~l~~r ~:~;r ;i1 ~:~ ~.~. j~ ~'i~; 1it~}ii~lfl 
80 94.4 49.1 i 34.81 24.7 66 166 3.5[ 9.9 43. 31. 39.5 35 

-
!!, 98.4 . 60.2 58.2 40.8 .._Ji.?,_ .. !~2 ...9[ .. ~ ~_~2.4 i 23...:~:_.1...5.5 
82 174.2 109 82.3 62.6 79.8' 179.3 3.5: 12.69 43.8' 36.7, 31 19.7 

83~'~-"9101.·7011 _ 61.2 45.6 3~:~ uJ?:~.; ......... 1~ 1.75 8 uu?~:l. 34:2.F35.1l: 21.8 

: r 58.3 :::, 44:!5~"_ ~3:5; -=- 8O:~31-~:: ~; ':~~~·iHH~~i! ~~:; 3:: 
86 82 49.6, 0: 10.9331.8~~.20.~~ 
87 128 112 77 68 98.6 185.5 0', 12.85 42.8 30.': 21.2 23.6 _____ . . ....... ._" __ .~ __ ... u.u. __ ._,_oo u.~ ... _ .. _ 

~_ 103.7 60.5 63.7 48.1 ...... ..............;. . , 
89 113.5, 59 56.7 43.4 76.6 176 0; 17.17 52.8 29.9 37.2; 32.4 

I~ ::;' 7,~ ,~i:rr ;r~~:: -.;,~! •• ~~~ -=~l.~:!(~t~: 
93 108.1 67.3u.?3.:~ ............. ~6 .... ~?t . 175.5 0 5.66~:.~. 31 20.5 22.3 

94 89.6 59.7 L,,_411:5... ....... ~~:.? . 58:2Ll..6.~:5 O. 10.39 18.1 i 13.6 17.6, 13.6 

: t ~~-~~i: ::~--:,; t~l:~l~~~~::;j~:.;,~t~ 
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93.4 

115.4 

82.7 

110.4 

209 

55.3i 
.........•.. --+~ 

83.71 

61.8 

58 

53.8 

19.4 

30 

30.6 

38 



I-Range of COP (mm) 
10 i SSL r SSR" 

210 



7 

8 

9 

10 

11 

12 

13 

53 

124.9 83.9 6521 46.1 

~~::i :~:il '!~::,~-- 27~i 
87.3 61.8 45.2J._}3.1 

11-1~7!!...'861· 70. \ 61.6! 44.3 

73.9 ... _7?6·
7
61. 82.4 66.6 

43.41 32.4 

--?-~:~.L 49.2 

96.3 66.4 
42 

41.2 

63.4 

22.4 

25.6 

27 

27.7 

29.6 
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ID 

12 Months 
P~a~_ TorqLJe (Nm)-

Rig~t limb 

I Ext @ 60. Ext@ 180 IFlex @ 60 Flex@ 180 

j 100-:9·?9.5·56.11 ~-46 54 

55 

56 
__ ~38.2f 97:p. 6_5.21 47.6 

. 11_1.1J 58.3 1 61.6! 53.6 
57 83.71 38.4\ 45.3. 
59 42 -·t-60 . 82.6 

.~~ ... ~~_:5. 
54.6l 4~:091 

~1_.-:_ 69~_ 65.9 55.5 
62 87.11 

--;1 
50.61 57.5 ,---- 1 .. _. 

63 

64 

65 

66 

67 

68 

69 

70 

75.7 

132.8' 
1-68.7 

42.6! 26.3 

107.5 54.8 
36:7-'-' 28.3: 

114.2 84.8 
---__ i 

l __ 97.4~ 5§.:.~1 
171.1 106.41 
-"'1--- ·1-----. 

1- 121.9 97.5 

210.9 152.7 

71 186.3 1 118.8 

72 i 62.6 37.21 

73 105.6 85.7' 
-.... I"" 

7 4 __ l __ 134:~ ..... _ ... !~.2 
75 98.6! 5~:~. 
76 

77 

78 

79 

80 

81 

82 
, 

1761 

44.2 

141.5 

139.1' 

41.1' 

99.4 

-·t 
55.5 

43.3. 

104.4 

75' 
95.71 

96.4: 

36.2 

58.2 

57.2 

4?:1 i 
84'~j 
39.2 

96.9 

25.8 

27.3 

33.1 

57.1 

38 

22.6 

38 

27.3 

40.4 

39.7 

79.1 

53.7 

71.5 

63.2 
23.9 
52_5 

37.7 

44.1 

70.8 

29.6 

70.1 

51.4 

25 

42.3 

59.8 

4~..J..!~:~ 59 83 85.4 
--1-

49.4 46.2 28.8 

-- ~~·~r-~:~=-39.9 
55.3 52.7 32.8 

~---+__1CJSl. 1 
85 63.6' 
--' [---
86 86.9 

87 I 116.1 
-----1" -~--

73.2 81 98'~L 
88 

89 

90 

91 

I • • ___ • • __ • 1 .. • ..... _ ... 

-; -122.9[' 70.6.~.71_ 
114.4 63.1' 49 

43.8 

31.6 

109.2 70 53 33.1 -.- .... - I 
92 . 149.2~~.71_1.99.4_ 75.5 

93 120, 82.4 74.71. _~7.2 
94-92.21'- 60.2?8.31 __ 39.7 

.--.. - "-1'-- ·-------·1 
95 164.1 95.5 75.7 .. __ 58.4 

96_1 115-i - 69.7 70' 43.9 

97 62 47.2 30.4 22.9 
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