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Summary
This thesis investigates the effectiveness of a multifaceted podiatry intervention to
improve balance and prevent falls in older people with foot pain. A review of the
relevant literature identifies the growing evidence that foot problems and inappropriate
footwear impair balance and increase the risk of falls in older people. Furthermore, the
current evidence indicates that these risk factors are potentially amendable by podiatric
intervention, although this is yet to be evaluated in a clinical trial. Consequently, a
randomised trial was designed and conducted to investigate the effects of a multifaceted
podiatry intervention to improve balance and prevent falls in older people.

305 community-dwelling people aged over 65 years with foot pain and an increased risk
of falling were randomly allocated to a control or intervention group. Both groups
received routine podiatry care. The intervention group also received a multifaceted
podiatry intervention consisting of: (i) prefabricated orthoses customised to
accommodate plantar lesions; (ii) footwear advice and assistance with the purchase of
new footwear if current footwear was inappropriate; (iii) a home-based exercise
programme to strengthen foot and ankle muscles; and (iv) a falls prevention education
booklet. Primary outcome measures were the number of fallers/multiple fallers and the
falls rate, recorded by a falls diary over a 12 month period. Secondary outcome
measures assessed six months after baseline included a number of physiological and
health-related measures including foot and ankle strength and range of motion, balance
and functional tests, foot pain assessment, fear of falling and generic health-related
quality of life.

Participants in the intervention group (n=153) experienced 36% fewer falls than
participants in the control group (incidence rate ratio 0.64, 95% confidence interval [CI]
0.45 to 0.91, p=0.013). There were no significant differences between the groups in the
proportion of fallers or multiple fallers. Significant improvements in the intervention
group compared to the control group were found for the domains of strength (ankle
eversion), range of motion (ankle dorsiflexion and inversion/eversion) and balance
(postural sway on the floor when barefoot and maximum balance range wearing shoes).

x

This thesis describes the findings in detail and discusses their implications in the context
of improving balance and preventing falls in older people. It concludes that a
multifaceted podiatry intervention can reduce the rate of falls in community-dwelling
older people with disabling foot pain and could be implemented as an effective falls
prevention programme in routine podiatry practice or multidisciplinary falls prevention
clinics.

In addition a number of related studies were undertaken as part of this thesis. These
studies were; i) an assessment of the reliability of hand-held dynamometry for the
assessment of foot and ankle strength, ii) an examination of the associations between
the foot and ankle strength and range of motion characteristics and performance in
balance and functional tests in older people, and iii) an evaluation of the adherence
rates, barriers to adherence and the predictors of adherence to a multifaceted podiatry
intervention for the prevention of falls in older people.
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CHAPTER 1

Introduction
1.1 Background to the problem
“All through life, be sure and put your feet in the right place, and then stand firm”.
Abraham Lincoln [1]
Falls in older people are a major public health problem, with one in three people aged
65 and over falling each year [2, 3]. One-quarter to one-half of all falls among
community-dwellers cause some injury and 10-15% of falls are associated with serious
injury [3-5]. Falls are the leading cause of injury-related hospital admissions in older
people, accounting for 20% of all attendees to the emergency department [6].
It is now well recognised that falls result from an interaction between environmental
hazards and a broad array of physiologic risk factors, including impaired vision,
reduced muscle strength, diminished peripheral sensation and slow reaction time [2, 3,
7, 8]. However, one potentially significant falls risk factor that has only recently been
explored is foot impairment. Foot problems affect one in three community-dwelling
people over the age of 65 years [9, 10] and are associated with reduced walking speed
and difficulty performing activities of daily living [11-13]. More recently, foot pain,
reduced range of motion, toe weakness and toe deformity have each been shown to be
independent risk factors for falling [14, 15]. In addition to foot pain and impairment,
inappropriate footwear may also play a role in increasing the risk of falling. A number
of studies have assessed footwear in older people who have fallen, and the evidence
indicates going barefoot or wearing stockings increases the risk of a fall, as does an
increased heel height and smaller sole contact area [16, 17].
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Given the emerging evidence that foot problems and inappropriate footwear increase the
risk of falls, it has been suggested that podiatry may have a role to play in falls
prevention, with several guidelines recommending that older people have their feet and
footwear examined by a podiatrist [18-22]. However, podiatry currently plays a
relatively minor role in multidisciplinary falls clinics, with two recent surveys
indicating that only 4 out of 25 Australian falls clinics [23] and 1 out of 105 National
Health Service trusts in London involved in falls prevention activities [24] utilised
podiatrists.
Although several falls prevention guidelines recommended an assessment of the feet
and footwear [18-22], these guidelines do not specify the assessment or intervention
activities to be undertaken. This may be due to the limited amount of evidence from
clinical trials regarding the efficacy of podiatry treatment in reducing pain, improving
mobility and decreasing the risk of falls. Assessment of participants’ feet and footwear
has been included in three multifactorial falls prevention studies [25-27], with the
intervention including a referral to a podiatrist where appropriate. However, there was
no follow-up of this component of the multifactorial intervention to establish its effect
on reducing falls. Further, the criteria for when a referral to a podiatrist should be made
was not described. Similarly, the role of footwear in falls prevention has received
limited attention. For example, there has only been one trial that has evaluated the
effectiveness of a shoe modification to prevent slipping on icy surfaces [28].
In summary, falls are a major health issue for older people. The detrimental effects of
foot problems and inappropriate footwear are increasingly being identified as falls risk
factors. To date, however, this has not been addressed by any falls intervention
strategies specifically targeted at the foot and ankle.

1.2 Aims of the thesis
The aims of this research were to determine the effectiveness of a multifaceted podiatry
intervention in (i) reducing disabling foot pain, (ii) enhancing balance and mobility, and
(iii) preventing falls in older people. To achieve this, the following were undertaken:
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A review of the literature pertaining to the prevalence of falls and foot problems
among older community-dwelling adults, the relationship of foot problems and
footwear to falls, the role of podiatry in falls prevention and the evidence to date
of podiatry related falls prevention interventions



Development and implementation of a novel multifaceted podiatry intervention
to prevent falls



Assessment of the reliability of hand-held dynamometry for the assessment of
foot and ankle strength



Examination of the associations between the foot and ankle strength and range
of motion characteristics and performance in balance and functional tests in
older people



Evaluation of the adherence rates, barriers to adherence and the predictors of
adherence to a multifaceted podiatry intervention for the prevention of falls in
older people



Analysis of the effectiveness of the multifaceted podiatry intervention in
reducing the number of fallers, falls and fall-related injuries in older people, and



Analysis of the effectiveness of the multifaceted podiatry intervention on
secondary measures including the domains of muscle strength, range of motion,
balance, functional ability, falls risk, foot pain and disability, fear of falling and
health-related quality of life.

1.3 Hypotheses
The following hypotheses were tested:


That hand-held dynamometry is a reliable method for assessing muscle strength
of the foot and ankle



That foot and ankle strength and range of motion variables are significantly
associated with performance in balance and functional tests



That a multifaceted podiatric intervention would result in significantly fewer
falls and fall-related injuries compared to usual podiatry care, and
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That a multifaceted podiatric intervention would result in significant
improvements in the assessed secondary measures of muscle strength and range
of motion of foot and ankle, balance, functional ability, falls risk, foot pain and
disability, fear of falling and health-related quality of life.
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CHAPTER 2

Literature review
2.1 Introduction
This chapter reviews the literature related to this thesis. Firstly, an overview of the
epidemiology of falls and the factors that may increase the risk of falling in older people
is presented. Secondly, the mechanisms of how foot problems and footwear influence
the risk of falling is discussed. Thirdly, the potential role of podiatry in falls prevention
is examined, including an evaluation of the evidence to date for podiatric interventions
in preventing falls. Lastly, relevant literature is reviewed to establish features of
common podiatric treatments that should be incorporated into a novel multifaceted
podiatric intervention to reduce foot pain, improve balance and prevent falls.

2.2 Falls and falls risk factors in older people
2.2.1 Epidemiology of falls and fall-related injuries
Studies of community-dwelling people indicate that one in three people aged 65 and
over fall each year, with approximately half those who fall experiencing multiple falls
[2, 3, 29-31]. Tinetti et al [3] reported that of 336 people over 75 years, 32%
experienced a fall in the 12 months of the study. Blake et al [29] and Campbell et al [30]
reported a similar incidence of 35% in a studies of 1024 participants aged over 65 years
and 761 participants aged 70 years and over, respectively. In a retrospective study, Lord
et al [32] found that 28% of 1762 participants aged over 65 years in the Australian
Dubbo Osteoporosis Epidemiology Study reported a fall in the previous 12 months.
The occurrence of falls appears to increase with age and is higher in women. The
Randwick Falls and Fractures Study [2] reported the proportion of fallers in those aged
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over 85 years (48%) being nearly twice that of the participants aged 65-74 years (26%).
The aforementioned study by Blake et al [29] reported similar findings of 51% for
people aged over 85 and 35% for people aged 65 to 69 years. This study also found a
gender imbalance in regard to falls, with a greater proportion of women falling
compared to men (40% versus 28%). A similar gender disparity was reported by
Campbell et al [30] who reported 41% of older women fell compared to 24% of older
men.
Falls in older people are a major public health problem, posing a significant threat to
their well-being and quality of life. For people aged over 65 years in the USA, falls are
responsible for two-thirds of the deaths from unintentional injuries, which is the fifth
leading cause of death in older people (after cardiovascular disease, cancer, stroke and
pulmonary disorders) [33]. In 1997 in the state of Victoria, Australia, the mortality rate
from falls for people over 65 years was reported as 33.3 per 100,000 population, with
the oldest age group (85+ years) having 29 times more fall-related deaths than those in
the 65 to 69 year age group [34]. In a more recent study using data collected in 20042005 by the state government in Queensland, Australia, the mortality rates from falls for
people over 65 years was reported as 25 per 100,000 population, again with the oldest
age group (85+ years) contributing a significantly larger proportion (48%) of fall-related
deaths than other age groups over 65 years [35].
A common consequence of falling in older people is injury, which occurs in one-quarter
to one-half of all falls among community-dwelling people [4]. The majority of injuries
are relatively minor, with the most common self-reported injuries being superficial cuts,
abrasions, bruises and sprains [5]. However, 10-15% of falls result in a serious injury,
2-6% result in a fracture and around 1% result in a hip fracture [3-5]. For those aged
over 65 years, falls are also the leading cause of injury-related hospital admissions in
older people, accounting for 20% of all attendees to the emergency department [6] and
4% of all hospital admissions [36] in this age-group. The higher prevalence of falls in
females and people with increased age is reflected in the incidence of fall-related
injuries that are more common in women and tend to increase with age. A study of
22,560 cases identified through the National Electronic Injury Surveillance System All
Injury Program of fall-related injuries treated at hospital emergency departments in the
USA reported that 3,138 cases were in the 65 to 69 year age group and 6,827 were in
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the over 85 year group, with women accounting for 64% and 76% of those cases,
respectively [37]. The fracture rate was 2.2 times higher and the hospitalisation rate was
1.8 times higher for women than for men [37]. Falls can also have implications for a
person’s well-being beyond any fall-related physical injury. A number of studies have
demonstrated that people who have fallen previously can have an excessive fear of
falling that is associated with reduced activity level, psychological distress and poorer
health-related quality of life [38-41].
In light of the potential for death, injury or reduced health-related quality of life, it is not
surprising that falls represent a significant healthcare cost. A systematic review of 17
studies worldwide calculated the mean cost of falls to range from US$3,476 per faller to
US$10,749 per injurious fall and US$26,483 per fall requiring hospitalisation [42]. For
Australia, a study in 2002 of 578 community people aged over 75 years living in
Sydney reported the mean cost per injurious fall to be AUS$1,600, with those cases
presenting to the emergency department (and possible subsequent hospitalisation)
costing AUD$6,756 compared to AUD$203 for cases requiring non-hospital services
only [43]. On a broader scale, the total cost of accidental falls to the British government
for people over 60 years for data collected in 1999 was reported as £981 million [44],
while in the USA for people over 65 years for the year 2000, the cost was calculated to
be US$0.2 billion dollars for fatal and US$19 billion dollars for non-fatal fall-related
injuries [45].

2.2.2 Falls risk factors in older people
Falls are usually multifactorial in their origin (e.g. a trip and a resultant fall caused by a
gait disorder and poor vision, combined with an object on the floor) [8]. Consequently,
a large body of work has gone into identifying the factors that put people at increased
risk of falling so that preventive strategies can be devised and implemented. A number
of prospective studies list specific risk factors that have been identified and the odds
ratio (OR) or relative risk (RR) of that factor as statistical evidence of their relative
importance [3, 6, 30, 46-52]. While many of the risk factors are interrelated, as
demonstrated by preliminary path analytic models [53], a number of studies on samples
of community-dwelling people have shown that the risk of falling dramatically
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increases in relation to the overall number of risk factors [3, 48, 54]. Tinetti et al [3]
reported that the percentage of people who fell increased from 27% among those with
one or less risk factor to 78% among those with four or more risk factors. The risk
factors Tinetti et al identified include sedative use, decreased cognition, leg and foot
disabilities, gait and balance impairments, and the presence of a palmomental reflex.
Nevitt et al [54] also reported that the percentage of individuals with recurrent falls
increased from 10% to 69% as the number of risk factors increased from one to four or
more. The identified risk factors included white race, a history of previous falls,
arthritis, Parkinson’s disease, difficulty rising from a chair, and poor tandem gait.
Similarly, a study by Covinsky et al [48] reported an increase the number of fallers from
10% for people with no falls risk factors to 51% for people with the three risk factors of
a history of falling, impaired mobility and balance difficulty.
The literature in the area of falls risk factors is vast, but a number of literature reviews
provide a summary of the evidence in regard to falls risk factors in older people. A
review by Rawsky [55] in 1998 analysed over 100 articles published from 1979 to 1996
relating to falls in the elderly population in a variety of settings (e.g., inpatient hospital,
community, psychiatry facility, rehabilitation centre, and long-term care facility). The
factors most commonly identified in the 21 included studies were: cognitive
impairment/psychological status (16 studies), acute/chronic illness and mobility (14
studies), sensory deficits (7 studies) and fall history (6 studies). However, this review by
Rawsky did not assess the relative risk or odds ratios of these risk factors. This was
rectified in 2002 in a review by Rubenstein and Josephson [8] who analysed 16 studies,
eight in community-dwelling populations and eight in nursing home populations, and
quantitatively reported the RRs or ORs for multiple risk factors. Table 2.1 lists the
major falls risk factors that were identified in univariate analysis of multiple risk
factors.
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Table 2.1 Summary of risk factors for falls from Rubenstein and Josephson [8]
Risk factor

Number of studies

Mean OR, RR*

Range

Muscle weakness

10

4.4

1.5 – 10.3

History of falls

12

3.0

1.7 – 7.0

Gait deficit

10

2.9

3.0 – 5.6

Balance deficit

8

2.9

1.6 – 5.4

Use assistive device

8

2.6

1.2 – 4.6

Visual deficit

6

2.5

1.6 – 3.5

Arthritis

3

2.4

1.9 - 2.9

Impaired ADL

8

2.3

1.5 – 3.1

Depression

3

2.2

1.7 – 2.5

Cognitive impairment

4

1.8

1.0 – 2.3

Age > 80 years

5

1.7

1.1 – 2.5

* OR=odds ratio; RR=relative risk ratio; OR calculated for retrospective studies;
RR calculated for prospective studies. ADL=Activities of daily living

In 2004, a review by the National Institute for Clinical Excellence (NICE) [56] analysed
223 falls risk studies published up to 2002 and included 28 of those studies. Their
findings are shown in Table 2.2, with ORs and RRs presented as a range due to
heterogeneity between studies prohibiting aggregation of results. The setting of the
studies was not reported.
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Table 2.2 Summary of risk factors for falls from National Institute of Clinical
Excellence [56]
Risk factor

Number of studies

Range of OR, RR*

History of falls

11

OR=2.4 - 4.6, RR=1.9 - 2.4

Mobility impairment

8

OR=2.0 - 3.0

Visual impairment

5

OR=2.6 - 5.8, RR=1.6

Balance deficit

5

OR=1.8 - 3.9, RR=1.7

Gait deficit

4

OR=1.8 - 2.2, RR=2.2

Mental status

4

OR=2.2 - 6.7, RR=6.2

Functional dependence

4

OR=1.7, RR=5.0 - 6.0

Fear of falling

3

OR=1.7 - 2.8

Low body mass

3

OR=1.8 - 4.1

Depression

3

OR=1.5 - 2.2, RR=2.8

Diabetes

2

OR=3.8 - 4.1

Environmental hazards

2

OR=2.3 - 2.5

Incontinence

2

OR=1.8 - 2.3

Multiple medications

14

OR=2.0 - 3.2

Anti-arrhythmic drugs

10

OR=1.6

Psychotropic drugs

11

OR=1.4 - 2.0

* OR=odds ratio; RR=relative risk ratio; OR calculated for retrospective studies;
RR calculated for prospective studies.

The most recent systematic review was in 2010 by Deandrea et al [57], and is the only
review to focus on community-dwelling people with an inclusion criterion that at least
80% of the participants in the study were living in the community. This review
investigated studies published up to December 2008 and identified 356 original studies
for falls in older people of which 74 met their inclusion criteria. The authors reported on
30 risk factors, despite restricting their analysis to those risk factors for which an
outcome was assessed by at least five studies. The factors with the strongest
associations for fallers are reported in Table 2.3 with the odds ratio for most of the other
risk factors being moderately above 1. The authors also reported that the odds ratios
were generally higher for multiple fallers.
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Table 2.3 Summary of risk factors for falls from Deandrea et al [57]
Risk factor

Number of studies

Mean OR, RR*

Range

History of falls

18

2.77

2.37 - 3.25

Gait deficit

5

2.06

1.82 - 2.33

Walking aid use

11

2.18

1.79 - 2.65

Vertigo

6

1.80

1.39 - 2.33

Parkinson disease

5

2.71

1.08 - 6.84

Antiepileptic drug use

4

1.88

1.02 - 3.49

* OR=odds ratio; RR=relative risk ratio; OR calculated for retrospective studies;
RR calculated for prospective studies.

The range of odds ratios and relative risks reported in the above tables are crude
estimates due to heterogeneity between studies resulting from factors such as different
summary statistics being reported or different methods of measurement of baseline
characteristics [56]. However, they do highlight a couple of salient points. Firstly, there
are numerous factors that increase the risk of falling in older people. Deandrea et al [57]
recorded 30 risk factors. Secondly, they emphasise the relative importance of different
risk factors. A history of falling, gait deficit and use of a walking aid are consistently
identified as strong risk factors. Muscle weakness has the strongest association in one
review [8] but was absent in the other reviews, and impaired balance was strongly
associated in only two reviews [8, 56]. Deandrea et al [57] explained this omission in
that some risk factors were not considered as the included studies had measured them in
non-comparable ways (e.g. muscle weakness, balance impairment, environmental
hazards). This is perhaps more a comment on the limitations of systematic reviews and
the methodology used, as a meta-analysis of muscle weakness and falls in older people
by Moreland et al [58] found muscle weakness to be significantly correlated to falls
with an odds ratio of 1.76 for any fall and 3.06 for recurrent falls.
Broadly speaking, the risk factors identified in these literature reviews can be
categorised into three groups: physiological, medical conditions (including use of
medication) and environmental hazards. There is often a significant degree of
interaction between all three factors that can explain the cause of a fall.
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2.2.2.1 Physiological factors risk factors for falls
Unintentional falls are usually attributable to a loss of balance [4]. Balance is the ability
to maintain the centre of mass within the base of support, the region bounded by the
parts of the body in contact with the ground [59]. As the base of support changes,
balance is maintained through continual muscle activity based on an integrated reflex
response to concurrent processing of inputs from multiple sensory systems including
vision, vestibular function and somatosensation [59]. Postural sway describes the small
movements that occur during this process. These movements are constrained by a
person’s limits of stability, the points at which balance is lost [60]. These limits of
stability will vary depending on the particular task or activity. For example, the stability
limits of normal relaxed standing is the area bounded by the two feet on the ground but
in unipedal stance it is reduced to the area covered by the single foot in contact with the
ground. Clearly, this reduction in the size of the stability limits for unipedal stance is a
far more challenging task requiring greater postural control [61].
The maintenance of balance when performing functional tasks is a complex
phenomenon that is influenced by a range of sensorimotor factors including lower
extremity muscle strength [62], peripheral sensation [63], proprioception [64], visual
acuity [62], tactile sensitivity [65] and reaction time [62]. All of these factors also have
been reported to deteriorate with age [59, 65-68]. Equally, a high association with falls
in older people has also been found for impairments of all these factors. Lower
extremity muscle weakness [51, 62, 69-72], reduced peripheral sensation [32, 62],
vision impairments [54, 68, 70, 73, 74] and slowed reaction time [62, 75] have all been
significantly associated with an increased risk of falling. Consequently, normal ageing
is regarded at least in part as predisposing a person to a greater risk of falling and helps
to explain the higher incidence of falls in older people. However, the largest
contributors to the risk of falling are the health problems which affect the systems
involved in maintaining balance.
The potential for loss of balance when walking is considerable [76]. This is reflected in
the identification of gait deficits as a significant falls risk factor [8, 56, 57]. The
sensorimotor factors mentioned above have additionally been associated with reductions
in the common gait parameters of velocity and step length [77-79]. While this reiterates
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the importance of these factors, the relative importance of each is more subjective.
Nevertheless, while a marked deficit in any one of these factors may be sufficient to
increase the risk of falling, a combination of mild or moderate impairments in multiple
physiological domains may also increase the risk of falling [7].

2.2.2.2 Medical and medication risk factors for falls
Medical conditions
In addition to the consequences of ageing, it has been observed that the physiological
processes required to maintain balance are also impaired through the presence of
chronic illness. This is reflected in a number of studies that have reported higher rates of
falls in older people with multiple chronic conditions compared to older people without
known pathology [3, 30, 80].
The association between medical conditions and falls has been highlighted in the
systematic review by Deandrea et al [57] of falls risk factors in community dwelling
people. From the included trials a number of medical conditions were found to have
significant associations with both fallers and multiple fallers. These conditions were
cognitive impairment, depression, stroke, incontinence, rheumatic disease, vertigo,
hypotension, diabetes and Parkinson’s disease. The strongest associations were found
for Parkinson’s disease, vertigo, depression and stroke. The strength of the association
varied with ORs for multiple fallers ranging from 2.84 (95% CI 1.77 to 4.58) for
Parkinson’s disease to 1.28 (95% CI 1.09 to 1.50) for diabetes.
This is by no means an exhaustive list of all medical conditions associated with falls.
For example, the above review calculated the falls risk for vision impairment as one
category without specifying whether they were age-related or disease-related such as
cataracts, glaucoma or macular degeneration. Further, the effect of any specific medical
condition to falls may well be understated as the relative severity of a condition is rarely
reported yet it varies considerably among individuals, as do the symptoms and any
associated physiological impairments [7]. Consequently, while a number of medical
conditions may be associated with a higher falls risk, an assessment of an individual’s
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physiological impairment is likely to present a more accurate evaluation of their risk of
falling.

Medication use and polypharmacy
Age-related changes affect the body’s ability to absorb, metabolise, distribute and
excrete drugs [81]. As a consequence, a number of side effects that can impair the
physiological process and so increase the risk of falls may occur, including reduced
mental alertness, sedation, blurred vision, confusion, neuromuscular incoordination,
impaired balance and drug-induced parkinsonism [53, 82]. However, the presence of an
underlying disease as well as the multifactorial aetiology of falls have made it difficult
to identify a causal connection between medications and falls [4].
Four systematic reviews [57, 83-85] have investigated medication as a falls risk factor,
with broadly similar findings. The main group of drugs associated with an increased
risk of falling are benzodiazepines, antidepressants, antipsychotics and antiepileptics.
Drugs that lower blood pressure are also weakly associated with falls. A limitation of
these reviews is that the data is almost entirely derived from observational studies, with
only one randomised controlled trial [86] that investigated psychotropic medications
and falls. There was minimal adjustment for confounding factors such as the condition
for which the drug was prescribed, different doses and duration of drug use [83].
Polypharmacy, usually defined as the use of more than three or four medications, has
also been identified as an important risk factor for falling in the elderly [30, 84, 85, 8790]. This has been questioned in a cross-sectional study of 4,050 women (mean age 68.9
years) by Lawlor et al [91]. This study found that the increasing number of
simultaneously occurring chronic diseases, and not an increasing number of drugs, to be
associated with an increase risk of falling. A more recent cross-sectional study of 6,928
older people (mean age 69.4 years) by Ziere el al [90] found that after adjustment for
comorbidity and disability, falls risk is associated with the use of polypharmacy, but
only when at least one established falls risk-increasing drug (e.g. benzodiazepines) was
part of the daily regimen. Accordingly, this study concluded that falls assessment
should focus on identifying risk-increasing drugs rather than polypharmacy per se.
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2.2.2.3 Environmental risk factors
Environmental factors such as slippery surfaces, lack of handrails on stairs and sloping
or uneven pathways have been suggested as contributing to falls [92, 93]. A review of
12 falls studies by Rubenstein and Josephson [8] found that environmental hazards
make up the largest category to explain the cause of falling, accounting for 25% to 45%
of falls. Nevertheless, the authors also stated that few falls result from environmental
hazards alone, but rather are the result of interactions between hazards and an
individual’s increased risk of falling.
This is substantiated by a recent systematic review of the physical environment as a
falls risk factor in older people by Letts et al [94]. Based on ten included studies, the
authors concluded that home hazards do present a potential risk for falls in older people
but not as much as might be anticipated as the risk ratio was non-significant and
relatively low (OR=1.15, 95% confidence interval [CI]=0.97 to 1.36). However, two
studies [95, 96] have reported that when participants are classified as either frail or
vigorous, frail participants fell more frequently but environmental hazards were more
likely to contribute to a fall in vigorous people than in frail people. Why vigorous older
people are more at risk from environmental hazards than frailer people may be due to
the interaction between the person and the environment. Lawton [97] proposed that to
cope with a high risk environment, a person must have a high level of competence while
a person with a low competence level will only be able to cope with an environment
with low demands. Chandler et al [98] demonstrated this in a study of 159 older men
(mean age 75.3 years) using a performance based assessment tool that evaluated each
participant’s level of mobility within their own home environment. The performance
score reflected the number of environmental hazards in each household and the degree
to which the individual could cope with these hazards. After 6 months of falls followup, the performance score was found to be an independent predictor of falls, after
controlling for age, cognition and degree of mobility, indicating that this approach may
be addressing the individual-environment interaction.
A final point to consider is an individual’s risk-taking behaviour as a person’s attitude
to risk has been found to be associated with increased falls [99]. Consequently, falls
may result when people engage in risk taking behaviour that exceeds their level of
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competence [100]. As such, environmental hazards appear to be a contributory factor in
the majority of falls in older people but by themselves they are insufficient to cause
falls. What is more important is the interaction between a person’s perception of risk,
exposure to environmental hazards and their physical abilities.

2.2.3 Summary
This section highlights the high incidence of falls among the older population with the
associated burden on the health system from injury and mortality. Falls are
multifactorial in nature, with the interrelationship of sensorimotor factors to balance and
environmental hazards fundamental to the risk of falling. Impairments to sensorimotor
factors through age-related declines as well as the consequences of disease and the side
effects of medications increase the risk of falling in older people. Exposure to various
environmental factors compounds this risk of falling.

2.3 Feet, footwear and falls
2.3.1 Prevalence of foot problems in older people
With the foot providing the structural foundation for both static support and progression
of the body during gait, it is plausible that foot problems could impair balance and
increase the risk of falling. Foot problems have been reported to affect one in three
community-dwelling people over the age of 65 years [10, 12, 101, 102]. Using data
taken from the US Public Health Service, two large scale surveys of 119,631 and 1,003
individuals over the age of 65 years found the prevalence of foot problems to be 31%
and 38% respectively [10, 101]. Two studies in Australia of participants over the age of
65 years selected randomly from metropolitan cities reported similar findings. A study
of 1,000 participants in Melbourne reported foot problems in 36% of the sample [12]
while a prevalence of 26% was reported from a sample of 640 people residing in NorthWest Adelaide [102]. These findings were reiterated in a recent study which conducted
a three year follow-up of 2,718 people over the age of 50 years, and identified foot pain
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to be persistent over a 3 year period in 29% of the sample, with the onset of foot pain
occurring in a further 10% of the sample [103].
The prevalence of foot problems may be greater than self-report data indicates, as
studies where podiatrists have assessed the presence of foot problems report the
prevalence to be much higher, in the range of 53 to 71% [104-106]. Further, foot
problems are frequently not reported by older people as many consider them to be an
inevitable result of ageing rather than a medical condition. A survey of 128 communitydwelling older people (mean age 72.0 years) found 71% of the respondents reported
suffering from foot problems but only 39% had consulted medical personnel regarding
their feet, and only 26% believed the foot problem to be a medical condition [107].
The most common foot problems reported are painful corns and calluses, toenail
problems, lesser toe deformities, hallux valgus and foot infections, with women
reporting a higher prevalence of foot problems than men [9, 10, 108]. While the
prevalence for each condition varies between studies, the Feet First study [9]
investigated the relative prevalence of various foot and ankle disorders in older people.
This study utilised a community-based, multiethnic random sample of 784 communitydwelling adults aged 65 years or more in a single town in Massachusetts, USA. The four
most common conditions identified were toenail disorders (75%), lesser toe deformities
(60%), corns and calluses (58%) and bunions (37%). In addition, 31% reported some
tenderness to palpation of the foot or ankle, and 15% had ankle joint pain on most days
in the four weeks prior to inclusion in the study [9]. While these foot problems are often
multifactorial in origin, a number of factors are thought to increase the risk of foot
problems including diabetes mellitus [109-111], rheumatoid arthritis [112, 113],
osteoarthritis [114], and the detrimental effects of footwear [115-117].

2.3.2 Foot problems and functional impairment
As well as pain and discomfort, several studies have reported an association between
foot problems and functional impairment in community-dwelling people. In a study of
733 older residents (mean age 80.2 years) of a small town in Florida, USA, 9%
indicated that they were limited in their daily activities or lifestyle because of problems
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with their feet [118]. Similarly, a study of 459 people over 65 years of age living in a
small town in Italy reported a significant association between foot problems and
activities of daily living such as shopping, walking 400 metres, climbing stairs and
doing the housework [11]. Walking difficulty and disability in activities of daily living
were also associated with foot pain in a study of 1,002 women aged over 65 years in a
city in Maryland, USA [13]. A survey of 5,689 older people living in a metropolitan
city of the Netherlands found that suffering from non-traumatic foot complaints is a risk
factor for both limited mobility and poor self-perceived well-being [119]. More
recently, in a sample of 1,000 randomly selected participants (mean age 73.4 years)
residing in a metropolitan city in Australia, 27% of those with foot problems compared
to 12% without foot problems reported difficulty or inability to perform one of the
instrumental activities of daily living which included gardening, shopping, preparing
meals and doing housework [12].
A limitation of these studies is the variable definition of what constitutes a foot problem
and their coding as a single variable (i.e. present or absent). This was addressed by
Menz and Lord [120] by creating a continuous score of overall foot impairment based
on the assessment of each participant for foot problems including foot pain, the
presence of lesions, hallux valgus and lesser toe deformities. Their study of 135 people
aged over 75 years (mean age 79.8 years) reported overall foot impairment to be a
significant discriminator of people with and without a history of falling, as well as being
a significant predictor of performance in balance and functional tests. The authors also
reported that the presence of specific foot conditions of foot pain, plantar callus, lesser
toe deformity and digital lesions impaired performance in the more challenging balance
tests as well as in some functional tests [121]. However, the presence of these foot
problems had no effect on the less challenging balance tests of postural sway or a timed
6 metre walk. In a later study of 176 community-dwelling people (mean age 80.1 years),
the same authors broadened the scope by analysing a number of foot and ankle
characteristics, including foot problems, in relation to performance in balance and
functional tests [122]. Similar to the previous study, univariate analysis identified that
toe deformities (including hallux valgus), but not the presence of plantar callus, were
significantly associated with balance and functional ability. When multiple regression
analysis was applied, it was found that ankle flexibility, plantar tactile sensitivity, and
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toe plantarflexor strength were significant independent predictors of balance and
functional ability in older people [122].
Comparable findings were reported by Keysor et al [123] in the Feet First study, an
ethnically diverse epidemiological investigation of the prevalence and effect of foot
disorders and foot pain among community-dwelling persons aged 65 years and older.
Using data from 717 non-institutionalised individuals aged over 65 years (mean age
74.8 years), this study reported that foot pain and ankle weakness (foot impairments)
were predictors of functional outcomes after adjusting for demographic factors, health
status and body mass index. These findings demonstrate that the presence of foot
problems impairs balance and functional ability. However, while foot pain appears to be
consistently associated with performance in balance and functional tests, the impact
related to the presence of any one specific foot condition is more variable. A number of
factors may be responsible for this variability. It may not be the condition per se but the
varying level of pain associated with it. Additionally, it may be that it is only when the
condition has progressed to a more severe level that it reaches the point where it impacts
on functional ability.
Finally, poor physical functioning is more likely an outcome of a combination of
several foot problems rather than one specific problem [123]. These studies [121, 123]
also reveal that foot deformities contribute to limitations in more advanced tests of
balance and mobility but do not impact on less challenging tests of physical
performance. This is demonstrated by the lack of association between foot problems and
postural sway measures where unperturbed standing results in only small variations in
sway and so does not place great demands on the support function of the feet [121].
Further, both Menz and Lord [121] and Keysor et al [123] found a limited association
between foot problems and the less challenging functional task of a timed 6 metre walk.

2.3.3 Foot problems and falls
Perhaps not surprisingly, in light of the relationship between foot problems and
functional impairment, a number of studies of community-dwelling people have
identified that foot problems increase the risk of falling. Tinetti et al [3] assessed 336
people aged over 75 years and reported an increased falls risk (OR=1.8, 95% CI 1.0 to
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3.1) in people with a “serious foot problem”, defined as a moderate to severe bunion,
toe deformity, ulcer, or deformed nail. Koski et al [50] found people with unspecified
“foot deformity” had a higher risk of falling (RR=1.5, 95% CI=1.03 to 2.06) in a sample
of 222 people aged over 70 years, while Blake et al [29] found “foot difficulties”
(including ingrown toenails, corns, bunions and ulcers) to be a falls risk factor (Wilks’
λ=0.91, p<0.0001) in a study of 1,042 people aged over 65 years.
As with foot problems and functional ability, a limitation of these studies is the use of a
dichotomous variable in relation to the presence or absence of foot problems. The study
of 135 people aged over 75 years by Menz and Lord [120], discussed in the previous
section, used a continuous score of overall foot impairment and found a significant
difference in foot pain scores between multiple fallers and those who did not fall or who
fell only once during the 12 months of the trial. This was a retrospective study where
poor recall of falls can result in the recorded number of falls being up to 32% lower than
in prospective trials [124]. The same authors addressed this in a prospective study of
176 community-dwelling people (mean age 80.1 years) and analysed a number of foot
problems as falls risk factors [14]. They found that people who fell in the 12 months
follow-up period exhibited decreased ankle flexibility, severe hallux valgus deformity,
decreased plantar tactile sensitivity, decreased toe plantarflexor strength and were more
likely to have disabling foot pain. Discriminant function analysis revealed that
decreased toe plantarflexor strength and disabling foot pain were significantly and
independently associated with falls after accounting for physiological falls risk factors
and age.
Toe strength and foot pain were also reported as falls risk factors in a prospective study
by Mickle et al [15] of 312 community-dwelling people aged over 65 years with a mean
age of 71.3 years. Compared to non-fallers, fallers displayed significantly less strength
of the hallux and lesser toes, and were more likely to have hallux valgus and lesser toe
deformity [15]. Mickle et al also confirmed the association between foot pain and falls,
reporting a significantly higher prevalence of foot pain in those who fell compared to
non-fallers [125]. They also reported that fallers generated a significantly higher peak
plantar pressure during gait than non-fallers and that individuals with foot pain had a
significantly higher peak pressure than those without foot pain [125]. The association
between pain and plantar pressure has been demonstrated previously in studies
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involving patients with painful pes cavus [126] and rheumatoid arthritis [127] based on
the assumption that greater duration and magnitude of pressure under the plantar surface
increases loading on anatomical structures of the foot, which results in foot pain [125].
With this in mind, Mickle et al [125] hypothesised that pain is most likely the
overriding factor in the association of plantar pressure to falls, with higher plantar
pressures generated while walking by fallers contributing to their foot pain and
discomfort. This in turn, may cause gait and balance disturbances, predisposing these
individuals to falls [125].
Lower limb muscle weakness has also been identified as a significant risk factor for
falls in older people in a systematic review and meta-analysis by Moreland et al [58].
Based on 13 included studies from 313 reviewed articles, the combined odds ratio for
the association between weakness and falling was statistically significant at 1.76 (95%
CI=1.31 to 2.37), increasing to 3.06 (95% CI=1.86 to 5.04) for recurrent falls. While
knee extension strength was the most common assessment of lower limb strength, ankle
dorsiflexion strength was also reported as a common outcome measure and has been
identified as a falls risk factor. The Randwick Falls and Fractures Study [70] involving
414 community-dwelling women (mean age 73.7 years), found multiple fallers to have
significantly impaired ankle dorsiflexion strength. A later study by Skelton et al [71] of
35 community-dwelling women (mean age 74.3 years) also found that those who fell
had significantly lower ankle dorsiflexion strength compared to those who did not fall.
In addition to falls, ankle strength and range of motion has been significantly associated
with performance in balance and functional tests. Tiedemann et al [128] found reduced
ankle dorsiflexion strength was significantly correlated with a slower walking speed in a
study of 668 older people (mean age 80.1 years). Performance in gait speed tests is an
indicator of functional ability [129] and reduced gait speed has been associated with an
increased risk of falling [130, 131]. A study by Lord et al [132] reported ankle
dorsiflexion strength to be a significant and independent predictor of performance in the
sit-to stand functional performance test in a study of 669 older people (mean age 78.9
years). Similarly, Hernandez et al [133] found reduced ankle dorsiflexion and
plantarflexion strength to be significantly correlated to ability to perform the everyday
functional movements of stooping, crouching and kneeling in 47 older communitydwelling adults (mean age 75.5 years). Finally, as stated previously, Menz et al [14]
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reported ankle dorsiflexion range of motion to be an independent predictor of falls as
well as performance in balance and functional tests [122]. A similar finding was
reported by Mecagni et al [134] in a study of 34 community-dwelling people (mean age
78.8 years) where ankle range of motion in both the sagittal and frontal planes was
found to be significantly associated with balance ability.

2.3.4 Footwear and falls
In addition to foot pain and impairment, inappropriate footwear may also play a role in
increasing the risk of falling. Most falls occur during walking [3, 17, 135, 136] and
because slips, trips and loss of balance are the most often cited causes of falls [2, 29,
135, 137, 138], it is possible that footwear, as the interface between the foot and ground,
could be a falls risk factor.
Several footwear characteristics have been identified as risk factors for falls in
community-dwelling older people. Koepsell et al [17] conducted a case-control study
that matched 327 people aged over 65 years who fell, with non-fallers of a similar age
and gender. They reported that walking barefoot or in stocking feet was associated with
an increased risk of falling (OR=11.2, 95% CI: 2.4 to 51.8). They also reported that for
those who were wearing outdoor footwear at the time of a fall, greater heel height was
associated with increased risk of a fall (p=0.03) whereas greater sole contact area (i.e.
broader heels) was associated with reduced risk of falling (p=0.005) [16]. A
retrospective survey by Larsen et al [139] involving 2,649 women aged over 66 years
confirmed going barefoot or in socks to be an independent correlate of falls (OR=5.5;
95% CI, 2.3 to 13.4), while Menz et al [140] in a prospective study of 176 older people
(mean age 80.1 years) also found that those who fell indoors were more likely to go
barefoot or wear socks inside the home (OR=13.74; 95% CI 3.88 to 48.61). Two recent
studies have further highlighted the increased risk of falling when going barefoot or in
slippers. Horgan et al [141] reported significantly better performance in balance tests
when people were wearing their own footwear compared to barefoot in 100 older people
(mean age 80.2 years). Finally, Kelsey et al [142] found a significantly higher incidence
of serious injury following a fall among those who were shoeless or wearing slippers
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when a fall occurred compared to those who were wearing other shoes, in a study of 765
older people aged 64 to 97.
Footwear features have also been implicated as a risk factor for fracture-related falls in a
number of retrospective studies. A study by Hourihan et al [143] involving 104 older
people (mean age 77.3 years) who suffered a hip fracture following a fall reported that
over half were wearing slippers (33%) or were barefoot or wearing socks only (24%).
Using a standardised assessment form that identifies footwear characteristics [144],
Sherrington and Menz [145] investigated 95 older people (mean age 78.3 years) with a
fall-related hip fracture. The majority of participants (75%) wore shoes with at least one
theoretically sub-optimal feature, including shoes with no fixation (63%), excessively
flexible heel counters (43%), soles that flexed proximal to the metatarsophalangeal
joints (43%) and excessively soft soles (20%). Keegan et al [146] conducted a casecontrol study of fall-related fractures at five sites (foot, shaft of tibia/fibula, proximal
humerus, pelvis and distal forearm,) in 2,412 participants aged 45 years and over. They
found that medium/high-heeled shoes and shoes with a narrow heel increased the risk of
fractures at all five sites, while there was an increased risk of foot fractures when
wearing slip-on shoes (OR=2.3, 95% CI: 1.4 to 4.0) and sandals (OR=3.1, 95% CI: 1.5
to 6.3).
There are two main limitations with these studies that should be considered. Firstly,
there was a lack of standardisation for the footwear assessment methods across the
studies. Secondly, statistical adjustments were not always made for other confounding
physiological and environmental falls risk variables. However, these studies do indicate
that older people are more at risk of falling or of sustaining a fall-related injury if their
footwear has a high heel or a reduced sole contact area. They are also at risk in their
home if they wear slippers or usually go barefoot or wear socks only.

2.3.5 Summary
There is a high prevalence of foot problems in the older population. These foot
problems have a demonstrated detrimental effect on mobility and functional ability and
have been shown to significantly increase the risk of falling in older people. While foot
pain is consistently linked to falls, muscle weakness and a number of foot conditions
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have also been associated with an increased risk of falling. In addition, certain types of
footwear have been implicated as increasing the risk of falling in older people. Older
people should avoid high-heeled shoes and wear shoes with a broad heel. Furthermore,
this footwear should be worn at all times to minimise the risk of falling that is
associated with wearing slippers, socks only or going barefoot.

2.4 Podiatry and older people
2.4.1 Podiatry utilisation by older people
Podiatrists are primary health care professionals who deal with the prevention,
diagnosis, treatment and rehabilitation of medical and surgical conditions of the feet and
lower limb [147]. They also educate and promote health issues related to the prevention
of such conditions. The majority of podiatry practice involves older patients who
develop difficulties with mobility because of degenerative changes, injury, structural
problems or the effects of systemic diseases [147, 148]. In their scope of practice,
podiatrists employ a range of skills. Clinical assessment techniques aim to secure a
diagnosis and prognosis and take into account clinical, medical and surgical history,
footwear, occupational and lifestyle factors. Following diagnosis and careful
consideration of a patient’s needs, a number of treatment modalities are commonly
utilised. For example, sterilised instruments along with appropriate application of
pharmacological agents and specialist wound dressings are used for the care of nails and
foot lesions (including wounds and ulcers). Physical therapies including massage, joint
mobilisation and exercise therapy are used for injury rehabilitation, treatment of bone
and joint disorders as well as related soft-tissue and muscular pathologies. In-shoe
devices consisting of foot orthoses and padding are also employed to provide
weightbearing support and realignment of the foot and lower limb in addition to
prevention of and treatment of lesions through their capacity to redistribute pressure
under the foot [147].
As reported previously, foot problems affect one in three community dwelling people
over the age of 65 years [10, 12, 101, 102]. This is reflected in podiatry practice with a
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higher proportion of older people seeking podiatry treatment compared to the rest of the
population. The 2004-2005 National Health Survey conducted by the Australian Bureau
of Statistics reported that people aged 65 years and older received podiatry
consultations at the highest rate of all age groups (3,637 people per 100,000 population)
and their rate was six times higher than people in the 25–64 years group (614 people per
100,000) [148]. More recently, in a sample of 3,502 people aged 18 years and over
residing in North-West Adelaide, 334 people accessed podiatric treatment of which 170
(49%) were aged over 65 years [149]. The number of older people seeking podiatric
services rises considerably in those with a lower health status. People aged over 65
years accounted for 75% of the 1,338,044 podiatric consultations provided in the period
2004-2008 under the Australian Government’s Enhanced Primary Care (EPC)
programme which provides rebates for allied health services to patients with chronic or
complex health conditions [150].

2.4.2 The role of podiatry in falls prevention
Given the emerging evidence that foot problems and inappropriate footwear increase the
risk of falls, it has been suggested that podiatry may have a role to play in falls
prevention, with several guidelines recommending that older people have their feet and
footwear examined by a podiatrist [18-21]. The falls prevention guidelines published by
the Australian Government Department of Health and Ageing recommends seeing a
podiatrist for foot problems and finding appropriate footwear [19]. Similarly, the
guideline for minimising falls issued by the state government of Victoria, Australia
advocates referring people at risk of falling to a podiatrist to assess and recommend
ongoing management of foot problems and appropriate footwear including problems
associated with sensory loss [22]. Furthermore, the falls prevention booklet Staying
Steady published by Help the Aged UK recommends seeing a podiatrist for regular footcare check-ups and for advice on suitable shoes [20]. Finally, the Panel on Prevention of
Falls in Older Persons representing the American Geriatrics Society and the British
Geriatrics Society recently upgraded their falls prevention guidelines to include the
management of foot problems and footwear as a falls prevention intervention for older
persons living in the community [21].
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While foot health and footwear management is promoted in falls prevention guidelines,
this does not appear to have been widely translated into practice. The multifactorial
nature of falls and the multifaceted interventions required to prevent them has led to the
development of specialist falls clinics in the United States [151, 152], the United
Kingdom [87] and Australia [153, 154]. Staffing of these clinics most commonly
includes a geriatrician, a physiotherapist and an occupational therapist [151-153].
Podiatry currently plays a relatively minor role in multidisciplinary falls clinics. A
recent survey reported that only 4 out of 25 Australian falls prevention clinics [23]
utilised podiatrists, even though all 25 clinics stated that they considered podiatry to
have an important role in falls prevention clinics [23]. The service provided by
podiatrists involved in these clinics varied considerably in relation to the assessments
undertaken and interventions provided. This result is similar to that of Hill et al [153]
who reported that 2 of 15 falls clinics in Australia in 2001 employed podiatrists, and
Hughes [24] who noted that only 1 out of 105 National Health Service trusts in London,
England in 2002 involved in falls prevention activities utilised podiatrists [24].

2.4.3 Podiatry interventions and falls prevention
While falls prevention guidelines have recommended that older people have their feet
and footwear examined by a podiatrist, these guidelines do not specify the assessment
or intervention activities to be undertaken. This may be due to the limited amount of
evidence from clinical trials regarding the efficacy of podiatry treatment in reducing
pain, improving mobility and decreasing the risk of falls. Indeed, interventions that are
aimed at the feet and footwear in relation to falls and balance are limited in number and
scope. There has only been one falls prevention study where the intervention was
specifically foot or footwear related [28]. This study investigated the effects of slipresistant footwear on falls of 109 community-dwelling people aged over 65 years (mean
age 74.2 years). The participants were recruited from a register of people who had fallen
in the previous 12 months and presented to the emergency department at two hospitals
in a small town in Wisconsin, USA. For the winter months, the intervention group wore
a Yaktrax® walker, a plastic elastomer netting with wire coils to increase grip in winter
outdoor conditions, which is applied over the participant’s usual outdoor footwear while
the control group wore their usual winter footwear. There was no difference between the
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groups for indoor falls but there was a 55% reduction in outdoor falls (RR=0.45, 95%
CI 0.23 to 0.85) for the intervention group compared to the control group [28]. While
this trial indicates footwear modifications can be beneficial in reducing falls, the
specific test conditions of snow and ice conditions limits the ability to generalise this
finding.
There have also been three randomised falls prevention trials that evaluated a
multifactorial intervention that included an assessment of the participant’s feet and
footwear as part of the protocol, with a referral to a podiatrist where appropriate. A trial
of usual care versus a falls intervention was conducted by Lightbody et al [26] of 348
people aged over 65 years (median age 75 years) who presented to the accident and
emergency department of a single hospital in Liverpool, England following a fall. The
intervention group received a multifactorial assessment by a trained falls nurse at a
single home visit including medication, electocardiogram (ECG), blood pressure,
cognition, visual acuity, hearing, vestibular dysfunction, balance, mobility, feet and
footwear and environmental (home safety). Participants were then referred to
appropriate specialists as per pre-defined criteria. People with feet and footwear
problems were referred to a podiatrist with 18% of the intervention group requiring foot
treatment and 8% requiring orthopaedic footwear. Of those referred to a podiatrist, 74%
attended the appointment. At 6 months follow-up, there were no significant differences
between the groups for the number of fallers or the falls rate, although the intervention
group had fewer falls (89 versus 145) and scored significantly higher in indicators of
function and mobility.
Davison et al [25] conducted a similar trial of a multifactorial (medical, physiotherapy
and occupational therapy) intervention compared with usual care for people presenting
to a hospital Accident and Emergency department following a fall. Three hundred and
thirteen people aged over 65 years (mean age 77 years) were recruited from a number of
hospitals in Newcastle, England following a fall and who had sustained at least one
additional fall in the preceding year. A medical assessment was conducted that included
medications, vision, cardiovascular, blood tests and ECG. Interventions for identified
abnormalities followed recognised hospital treatment protocols. Occupational therapists
assessed the participant’s home for environmental hazards and made recommendations
to mitigate the risk of falling from any identified hazard. Physiotherapists assessed gait
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and balance and recommended an appropriate training programme to address any
impairment. As part of their assessment, the physiotherapists reviewed feet and
footwear and referred to a podiatrist as required. The study did not report the number of
participants who received a podiatry referral. After 12 months follow-up, there were
36% fewer falls in the intervention group compared to the control group (RR 0.64, 95%
CI 0.46 to 0.90).
Mahoney et al [27] also investigated the effectiveness of an in-home multifactorial
assessment and intervention with the control group receiving a home safety assessment
and advice to see their doctor about falls. The participants consisted of 349 communitydwelling adults aged over 65 years (mean age 80.0 years) living in a single county of
Wisconsin, USA. Participants received two in-home visits from a trained nurse or
physical therapist who assessed falls risk factors including medications, distant vision,
balance and gait, neurological deficits, cognition, mood, home functioning and home
safety. An algorithm was used to generate recommendations for their primary physician
and referrals to other appropriate health professionals, including podiatrists. After 4
months, 14% of the intervention group had been given a recommendation to visit a
podiatrist, of which 27% complied. No information on the outcome of these podiatry
visits was provided. The intervention group also received a walking and balance
exercise programme. After 12 months, there was no difference in rate of falls between
the intervention and control groups.
There are a number of shortcomings with these three studies in relation to the
effectiveness of podiatry treatment as a falls prevention strategy. Firstly, all were
multifactorial in design, with feet and footwear assessment being only one of a number
of intervention strategies to improve balance and prevent falls. Secondly, the
effectiveness of the multifactorial interventions in reducing falls was significant in only
one of the trials. Thirdly, the description of the assessment tools used to assess feet and
footwear was omitted or non-specific and the criteria for when a referral to a podiatrist
was made was not described in any of the trials. Finally, only two of the three studies
provided any data on the number of referrals and none of the studies conducted any
follow-up analysis into the effectiveness or benefit of the referrals.
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2.4.4 Summary
The inclusion of foot and footwear health checks in falls prevention guidelines is a
manifestation of the growing consensus that foot problems and footwear are important
falls risk factors. Podiatry as a specialist provider of foot care is ideally placed to
provide advice and assistance for the management of foot problems and their
relationship to falls. Unfortunately, there is limited evidence that this is occurring, based
on the low numbers of podiatrists involved in specialist falls clinics. The lack of
adequate randomised trials that have investigated foot and footwear-related
interventions, and resultant paucity of evidence of effective podiatric interventions that
reduce the risk of falling, may be a factor in the low involvement of podiatry in falls
prevention.

2.5 Proposed podiatric interventions for falls
prevention
To address the limited evidence for podiatry-specific falls interventions, the following
section will examine some common treatment modalities that are within the scope of
practice of podiatrists for evidence that they may improve balance and be effective in
reducing falls. The aim is to establish practical guidelines for the use of each modality
in the design of a randomised trial to evaluate the efficacy of a multifaceted podiatry
intervention to reduce foot pain, improve balance, and reduce falls in older people.

2.5.1 Footwear advice
The 2001 guidelines for falls prevention in older people issued by the American and
British Geriatrics Societies did not make any specific footwear specifications due to the
absence of experimental studies [155]. They did, however, cite as a high priority, the
need for research to answer the question “what is the safest footwear for older people
who have fallen or at risk of falling?” These guidelines were updated in 2010 [21] and
stated that “older people should be advised that walking with shoes of low heel height
and high surface contact area may reduce the risk of falls”. This reflects the findings of
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the studies to date investigating footwear and falls discussed in section 2.3.4. However,
there are a number of experimental studies that have investigated specific features of
footwear, such as heel height and sole slip resistance, and their relationship to balance
in older people. This section will review these studies to provide an insight on the
design features of footwear that may provide the most stability for older people and
therefore reduce their risk of falling.

2.5.1.1 Heel height
As reported in the section 2.3.4, a greater heel height is associated with falls in older
people [16]. An elevated heel height leads to a forward shift of the centre of mass,
which results in postural and kinematic adaptations that contribute to instability [156].
Wearing high heels has also been associated with an increase in plantar callus [117] due
to increased in pressure under the forefoot [157]. A number of studies in communitydwelling older people have reported worse performance in balance and functional tests
when wearing footwear with higher heels compared to when wearing lower heeled
shoes. In a study of 30 older women, Lord and Bashford [158] found that worse
performance in balance tests occurred when wearing shoes with 6 cm heels compared to
shoes with 1.5 cm heels or their own shoes. Arnadottir and Mercer [159] compared
functional test ability in 35 older women and found shoes with heels of 5 cm impaired
performance compared to barefoot or shoes with a 1 cm heel height. A heel of 4.5 cm
was shown to be detrimental to performance in balance tests by Menant et al [160] in 30
older people. In contrast to these findings, Lindemann et al [161] reported no difference
in balance and gait parameters in a sample of 26 older women with a range of heel
height from 1 cm to 4 cm. Overall though, these studies indicate heel elevation has a
detrimental effect on balance but the critical height at which this occurs is yet to be
established. However, it appears footwear with a heel height of greater than 4.5 cm
should be avoided.

2.5.1.2 Midsole cushioning properties
The use of extra midsole cushioning in running shoes for comfort and to attenuate
impact forces [162] has become commonplace. However, work by Robbins and Gouw
[163, 164] suggested that thick soft materials might reduce the plantar sensory input to
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the central nervous system regarding foot and ankle position and so impair balance. A
number of small trials by Robbins and colleagues [89, 162, 163, 165], using young and
older people, found detrimental effects on joint position and impaired balance
performance when wearing shoes with thick soft midsoles compared to thin firmer
midsoles. They also reported that foot position awareness in older people was
significantly impaired compared to younger participants [163]. Studies by Sekizawa et
al [166] and Perry et al [167] on younger adults found similar impaired joint position
and balance parameters when wearing thicker or softer midsoles.
While a study by Lord et al [158] found no significant difference in balance tests for
older people wearing shoes with soft midsoles compared to shoes with hard midsoles, a
number of recent studies by Menant and associates [160, 168-170] give more
compelling evidence that soft-soled shoes impair gait and balance parameters in older
people, especially in more challenging conditions such as uneven or wet surfaces.
Menant et al reported that compared to a standard shoe, soft-soled shoes resulted in
shorter steps [169], a longer stopping time [170], a restriction of the medial-lateral
excursion of their centre of mass [168], with hard soles shoes showing a trend towards
improved performance in a number of a balance tests [160]. These findings indicate that
there is a detrimental impact of thick, soft midsoles on joint and foot position resulting
in impaired balance. As such, thinner, firmer midsoles should be recommended for
older people.

2.5.1.3 Slip resistance properties
It has been reported that between 13% and 17% of falls in older people are due to slips
[2, 136]. The texture of the sole has been shown to have an effect on the slip resistance
properties of footwear in several studies [171-174]. Gao et al [171] identified a
significant positive correlation between sole roughness and slip-resistance. Li and
colleagues had a similar finding, reporting soles with grooves provided greater slipresistance than non-grooved soles [173]. In addition, grooves provided the highest
coefficient of friction when orientated perpendicular to the walking direction [172].
Similarly, Menz et al [174] demonstrated that ladies fashion shoes could not be
regarded as having safe slip resistant properties even after the addition of features such
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as a broader or textured heel, which are believed to provide a greater coefficient of
friction. This study also established that a male dress shoe with various heel
configurations (standard, bevelled, textured and flared) provided a safe coefficient of
friction in the dry, but none of these configurations were safe under wet conditions.
The shape of the heel also appears to have an effect on slip resistance properties. Gait
analysis studies indicate that slipping is most likely to occur when the heel first strikes
the ground [175, 176]. A bevelled heel is where the rear portion of the heel is ground
down at an angle of 10 degrees to increase the surface area of the heel at heel contact.
Menz et al [174] demonstrated that a bevelled heel provides the best slip resistance.
This concurs with a study by Lloyd and Stevenson [177] who also reported improved
slip resistance properties in safety boots with a 10 degree bevel in the posterior heel.
Based on these studies, Oxford style shoes with a grooved tread and a bevelled heel
appear to provide the best slip resistance, and women should be advised to avoid
wearing dress shoes as they do not have a safe coefficient of friction.

2.5.1.4 Flared midsoles
In response to the finding that narrow heels increase the risk of falling [16], it has been
suggested that a large midsole flare would be beneficial for older people [4, 178, 179].
A midsole flare is where the width of the sole of the shoe is wider than the upper of the
shoe at the midsole and heel. In theory, this flaring improves stability by increasing the
surface contact area of the shoe [180]. In younger, sporting populations it has been
demonstrated that flaring reduces slipping of the foot in the shoe as well as reducing the
inversion forces required to perform sideways cutting movements while running [181].
Conversely, it has also been shown that a large lateral flare significantly increases
pronation during running [182]. Whether these effects of flared shoes apply to older
people is uncertain as only one study has investigated older people and flared midsoles.
This study by Menant et al [160] of 29 older people (mean age 79.1 years) found no
difference in balance and gait tests between shoes with flared soles and shoes with
standard soles. However, in light of the association between narrow heels and both falls
and [16] impaired lateral stability [183], it may be prudent for older people to wear
footwear with broader midsoles.
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2.5.1.5 Collar height
High collared sports shoes have been implicated in the prevention of ankle sprains by
providing greater mechanical support around the ankle as well as increased sensory
input [181, 184, 185]. Compared to low collared sports shoes, high collared sports shoes
have been shown to provide significantly greater resistance against inversion
movements in the younger athletic population [181, 184]. In addition, a study of 42
older women (mean age 76 years) reported a significant improvement in balance test
performance when wearing a high collared boot compared to a shoe with a standard
height collar [158]. Menant et al also found a high heel collar to be beneficial in relation
to rapid stopping and temporal spatial parameters [169, 170] in a study of 26 older
women (mean age 78.5 years). In contrast, in another study by Menant et al [160] of 29
older people (mean age 79.1 years), a comparison of a high collared boot and a low
collared shoe found no significant difference in tests of balance. Furthermore, a study
by Brecht et al [186] of 28 younger women (mean age 28 years) found cowboy boots
compared to tennis shoes impaired balance in an anterior-posterior perturbation test. It
should be noted that the cowboy boots also had a tapered 3.7 cm heel that may have
increased the participant’s instability. These conflicting results suggest further research
is required to establish if high-collared footwear improves balance in older people.
Additionally it has been suggested that older people, especially women, would be less
likely to wear boots during the warmer months [187].

2.5.1.6 Fixation
Adequate fixation is frequently recommended as desirable in footwear for older people
to prevent slippage of the foot and to hold the shoe to the foot [4, 178, 187]. Footwear
with inadequate fixation such as slip-on shoes, moccasins and slippers has been reported
to be in common usage among older people [178, 188]. Research in this area is lacking
but two studies on falls injuries highlight an increased risk of injury related to poor
fixation. Sherrington and Menz [145] assessed 95 older people (mean age 78.3 years)
who were admitted to hospital following a hip-fracture and found those who suffered a
trip were three times more likely to be wearing shoes with inadequate fixation. A
similar finding was reported by Keegan et al [146] in a case-control study of 574 of
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younger adults (mean age 58.7 years), where wearing slip-on shoes was significantly
associated with an increased risk of a foot fracture. Whether the footwear feature was
responsible for the falls in these studies cannot be established, but the continued advice
for older people to wear shoes with adequate fixation would appear prudent.

2.5.1.7 Summary
These studies demonstrate that footwear design features can affect balance and increase
the risk of falling for older people. While the optimal safe shoe is yet to be designed,
Figure 2.1 illustrates the theoretical ‘safe’ and unsafe’ shoe based on the findings of the
studies reported in this section. These should form the basis of recommendations for
footwear for older people to prevent falls. Ideally older people should wear shoes with a
low, broad flared heel, a textured sole, a firm heel counter, adequate fixation and a thin
firm midsole.
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A FIRM HEEL COLLAR
TO PROVIDE STABILITY

LACES ENSURE THE SHOE
'HOLDS' ONTO YOUR FOOT
WHEN WALKING

A BEVELLED HEEL
TO PREVENT SLIPPING
A THIN, FIRM MIDSOLE
SO YOU CAN 'FEEL' THE
GROUND UNDERNEATH

A BROAD, FLARED HEEL
TO MAXIMISE CONTACT
WITH THE GROUND

A TEXTURED SOLE
TO PREVENT SLIPPING

SOFT OR STRETCHED UPPERS
MAKE YOUR FOOT SLIDE AROUND
IN THE SHOE
LACK OF LACES MEANS
YOUR FOOT CAN SLIDE
OUT OF THE SHOE

HIGH HEELS SHOULD
BE AVOIDED AS THEY IMPAIR
STABILITY WHEN WALKING

NARROW HEELS MAKE YOUR
FOOT UNSTABLE AND CAN
CAUSE ANKLE SPRAINS

Figure 2.1 Theoretical safe and unsafe shoe

SLIPPERY OR WORN SOLES
ARE A BALANCE HAZARD,
PARTICULARLY IN WET WEATHER
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2.5.2 Foot orthoses
Foot orthoses are widely used by podiatrists to treat a variety of foot and foot-related
conditions [189]. To date, foot orthoses have not been included as a falls prevention
intervention but their effectiveness in reducing pain has been demonstrated [190].
Further, there is some evidence of a beneficial effect on balance. This section will
briefly review the use of orthoses and their relationship to pain and balance.
The term ‘foot orthosis’ describes a wide range of devices that in some way affect the
function of the foot [191]. Orthoses may perform this function through the realignment
of musculoskeletal structures of the foot, control of motion of the joints of the lower
limb, alteration of biomechanical function of the foot and redistribution of plantar
pressures [192-195]. Foot orthoses are commonly prescribed by podiatrists and other
health professionals for the treatment of a number of foot and lower limb conditions
[190, 196, 197]. These conditions include plantar heel pain [198-202], symptomatic flat
foot [203], painful pes cavus [126], overuse injuries [192], neuropathic foot changes due
to diabetes [204, 205], and arthritic disorders [127, 206, 207].
There are many types of foot orthoses available for the treatment of foot pain, including
generic ‘over the counter’ heel pads, cushioned flat insoles, contoured prefabricated
insoles, and custom-made foot orthoses of varying styles, construction materials,
additions and modifications [189]. There is no agreed naming system for orthoses
leading to inconsistent terminology being used for these different types of devices
resulting in a lack of clarity between studies [208].
In simple terms, foot orthoses can be described as accommodative or functional.
Accommodative devices are generally flat insoles made from a compressible material
that provides cushioning to relieve pressure or to reduce the rate of cutaneous
hypertrophy and/or soft tissue inflammation [209]. Functional devices are contoured by
either customised fabrication (i.e. based on a three-dimensional representation of the
individual’s foot) or prefabricated (shaped to a generic foot model). Prefabricated
orthoses allow some degree of customisation to the individual patient through heat
moulding or additional wedging and posting [192]. A study of orthoses prescription
identified that podiatrists in Australia and New Zealand predominantly prescribe custom
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devices, with 72% of all orthoses prescribed being customised compared to 12% for
prefabricated devices [208]. However, this study also reported that New Zealand
practitioners were three times more likely to prescribe prefabricated devices. This may
reflect the significant difference in cost between the devices, with custom devices
generally being 3 to 4 times more expensive than prefabricated devices. Alternatively, it
may reflect the growing evidence that prefabricated devices are as effective as custom
devices for some conditions. While the research is limited, recent studies have found no
significant difference between the effectiveness of customised orthoses compared to
prefabricated orthoses in the treatment or prevention of lower limb overuse injuries
[192], plantar pressure redistribution [210], and management of plantar fasciitis [198].
Several reviews have summarised the literature pertaining to the efficacy of foot
orthoses. Two early reviews by Landorf and Keenan [189] and Razeghi and Batt [195]
reported that foot orthoses were effective in reducing pain but their effect on foot
kinetic and kinematic variables was inconsistent. However, most of the reviewed studies
were case series in design that may have biased the reported findings. More recently, a
meta-analysis by Collins et al [192] investigated the effectiveness of foot orthoses in the
management of lower limb overuse conditions. They concluded that there was sufficient
evidence to support the use of foot orthoses in the prevention of the first incidence of
lower-limb overuse conditions (RR=1.49, 95% CI 1.07 to 2.08). However they also
reported a number of the included studies were of low methodological quality that
prevented them from supporting or refuting the use of orthoses in treatment of
individuals who already have an overuse condition. Further they noted the strongest
findings in the pooled analysis were from studies conducted on military personnel and
indicated caution in generalising to the wider population.
The most recent and comprehensive review of customised orthoses is a Cochrane
review by Hawke et al [190] which included 11 trials evaluating the effectiveness of
customised foot orthoses for the treatment of foot pain. The review findings confirmed
the effectiveness of orthoses in reducing pain in a number of conditions, namely painful
pes cavus, juvenile idiopathic arthritis, rheumatoid arthritis and hallux valgus. The
effectiveness of orthoses in reducing pain has also been reported in a number of studies
on the treatment of plantar fasciitis [198, 200, 211].
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These reviews demonstrate that orthoses are effective in alleviating symptoms
associated with a number of foot conditions. However, there have been no trials that
have evaluated the relationship of foot orthoses to falls, although there is some evidence
that foot orthoses may improve balance. The following section summarises and analyses
the studies to date that have examined the effect of foot orthoses on balance.

2.5.2.1 Functional changes to lower limb mechanics
Orthotic devices have been shown to modify selected aspects of lower extremity
mechanics and to enhance foot stability during the support phase of running in young
athletic populations [212-214]. The use of orthoses has also been shown to enhance
balance performance in young, healthy individuals with foot types at both extremes of
the normal range; that is high- or low-arched feet [215, 216]. Olmsted and Hertel [215]
demonstrated improved postural stability during quiet standing in healthy young adults
with high-arched feet when wearing orthoses, while Rome and Brown [216] reported
the use of orthoses reduced medial-lateral sway in participants with low-arched feet.
Both studies stated the improved performance in balance was due to the stabilising
effect of the orthoses on the ankle and subtalar joints. Ochsendorf et al [217] also
suggested this stabilising effect to be a possible explanation for foot orthoses enhancing
balance performance when the lower leg muscles are fatigued.
Following an ankle sprain, two studies have demonstrated that the use of foot orthoses
improves postural sway parameters [218, 219], although another study showed no
improvement in these parameters [220]. In asymptomatic participants, there is some
evidence that the use of foot orthoses improves performance in some balance tests [221,
222], but there are also a number of similar studies where no improvements in balance
has been observed with the use of foot orthoses [218, 219, 223, 224].
There are a number of methodological differences between the studies in terms of the
type of device used, the sample populations and the tests used to assess balance. This
makes drawing conclusions difficult and may explain the lack of agreement on the
effects of orthoses on balance. The authors of these studies have hypothesised that the
mechanisms by which foot orthoses may improve postural control is by improving
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alignment of the subtalar or ankle joints [216, 218, 219, 221] or by reducing strain on
the ligaments and muscles around the ankle joint [217, 219]. Clearly, further
investigation with larger sample sizes is required to adequately test these hypotheses
and determine the relationship of orthoses to functional change and balance.
Furthermore, the focus on athletic populations needs to be broadened to establish if
these factors also apply to older people.

2.5.2.2 Improved sensory feedback
It has been suggested that foot orthoses may improve sensory feedback from the plantar
surface of the foot [218, 225]. Cutaneous receptors in the foot assist in the maintenance
of standing posture by providing sensory feedback to the central nervous system that
controls and instigates postural responses [226, 227]. Impairments to this sensory input
has been shown to have an effect on balance in people with sensory neuropathy [228,
229] as well as in healthy people whose feet have been anaesthetised [230].
Consequently, a number of studies have investigated using insoles or orthoses with
vibrating sensors or different textured surfaces to provide extra tactile sensation with the
aim of stimulating postural responses. Priplata et al [231] found significant
improvements in postural sway parameters in older people (mean age 73.0 years) when
standing on vibrating insoles, however, there were no differences in younger people for
the same tests. Similar findings were reported by Galica et al [232] who assessed the
effect of vibrating insoles on 18 older people (mean age 78.0 years) with a history of
recurrent falls, 18 older people (mean age 77.0 years) with no history of falls as well as
12 young adults (mean age 26.0 years). They found a significant improvement in gait
parameters for both fallers and non-fallers but no significant improvement in the
younger adults. There were no significant differences between the fallers and nonfallers. While encouraging, vibrating insoles are not commercially available and are yet
to be shown to be sufficiently robust or practical for everyday use. This is unlikely to
occur until appropriately sized trials have established the benefit of vibrating insoles in
relation to falls prevention.
Use of a textured top cover on the insole of the footwear is another mechanism that may
provide enhanced sensory feedback. Palluel et al [233] found significant improvements
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in postural sway parameters in 19 older people (mean age 69.0 years) when wearing
sandals with an insole consisting of small plastic spikes. Waddington and Adams [234]
investigated the effect of textured insoles on the ability of participants to detect ankle
inversion. The authors concluded that the textured insole overcame the impaired
proprioception caused by cushioned soles of the athletic footwear used in the study.
Corbin et al [235] also reported the use of textured insoles to compensate for the loss of
sensory input, in this case visual input. In this study, 33 healthy participants (mean age
27.4) exhibited a significant reduction in area and velocity of centre-of-pressure (COP)
during quiet bilateral standing with their eyes closed when wearing textured orthoses.
The use of an insole (SoleSensor™) with a raised polyethylene ridge (3mm x 1mm)
around the perimeter of the insole has also been shown to improve balance in older
people. Maki et al [236] reported a reduced number of steps were required to maintain
balance after unpredictable perturbation in 14 healthy older people (mean age 69.0
years) when wearing the SoleSensor™ insole compared to no insole. They also
demonstrated a greater margin of stability when required to resist perturbation without
stepping. Similarly, Perry et al [237] found that when wearing the SoleSensor™
compared to a flat insole, lateral stability was significantly better when walking over
simulated uneven ground in a sample of 40 older people (mean age 69.0 years) with
impaired plantar sensation. Finally, contrary to the authors’ expectations, a study by
Hosoda et al [238] reported a significantly delayed response to platform perturbations
when wearing sandals with moulded projections in the sole compared to barefoot. Softer
material in the midsole of the shoe is believed to have counteracted any benefit gained
from increased sensory input from the insole projections in this study.
Two studies have assessed the effects of different textured materials for the surface of
the insole on balance. Hatton et al [239] reported no significant difference in postural
sway or lower limb muscle activity in static bipedal standing when comparing three
textured surfaces (smooth, small pyramidal peaks and convex circular patterning) in 24
asymptomatic young adults (mean age 27.5 years). Similarly, a study by Wilson et al
[225] assessed four textured materials (control, grid, dimple and plain) and found no
significant difference in static and dynamic postural control in 40 healthy middle–aged
women (mean age 51.1 years) after four weeks of orthotic use. Both authors indicated
larger samples might produce a difference in effect. Hatton et al also suggested the sway
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variables may not be sensitive enough to detect changes in neuromuscular function and
that dynamic tests should also be included [239].
The preliminary evidence that textured insoles may enhance peripheral sensory input
and improve balance has to be tempered by the considerable differences in the design
features and materials of the textured insoles under study. These studies used a range of
assessment measures, making direct comparisons problematic. Further, most of the
studies have been pilot studies that have frequently lacked control groups. The small
sample sizes and predominantly asymptomatic healthy sample groups infers the
findings may not be generalised to the older population. Consequently, further research
is required to establish an appropriate design for a textured surface of an insole that may
improve balance prior to use as an intervention to prevent falls.

2.5.2.3 Pressure reduction and pain relief
Another mechanism by which orthoses may exert an indirect effect on balance is
through the reduction of foot pain. As reported in section 2.3.1, foot pain is a common
problem among older people, affecting one in three people over 65 years of age [9, 102,
240] and foot pain has been shown to be a significant risk factor for falls [3, 120, 125].
As reported previously in this section, a recent Cochrane review on foot orthoses for the
treatment of foot pain [190] reported that orthoses are significantly associated with pain
reduction in a number of foot conditions. A number of theoretical explanations have
been suggested for how foot orthoses might affect foot pain and it is likely that they
have different mechanisms for different types of foot pain [190]. These theoretical
explanations include resisting or facilitating motion [241, 242], reduction and
redistribution of plantar pressure [126, 203], altered muscle activity [243] and enhanced
sensory feedback [194]. However, in their literature review of the biomechanical effect
of orthotic shoe inserts, Razeghi and Batt [195] concluded there was no overwhelming
support for one particular theoretical model.
The focus for most orthoses trials has been on specific foot conditions with the sample
populations consisting predominantly of younger adults or sporting populations. For
older populations, it is more probable that the pain relieving benefits of orthoses are due
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to the reduction and redistribution of plantar pressure. Forefoot plantar lesions in the
form of corns and callus are the most common foot problem among older people [9, 10,
108], and a significant association between callus and increased plantar pressure has
been reported [244-246]. Reduction in forefoot pressure through the use of contoured
orthoses has been demonstrated in two studies by Redmond and colleagues [203, 210].
These studies reported that compared to a shoe only condition, wearing contoured
orthoses significantly redistributes force from the heel and forefoot to the midfoot.
While both studies were conducted on young adults, the principal inclusion criterion
was a pronated foot type (i.e. lower arches). As two recent studies have demonstrated
that older people have a more pronated foot type compared to younger people [247,
248], older people are therefore likely to experience pressure-relieving benefits from
contoured orthoses.
Both pain relief and pressure redistribution have been reported in other sample
populations. A randomised trial by Burns et al [126] compared a contoured orthoses to a
sham flat insole in 154 adults (mean age 49.6 years) with a pes cavus foot type. There
was a significant redistribution of force from the heel and forefoot to the midfoot and
reduction in pain for the orthoses group compared to the insole group. Hodge et al [127]
reported similar findings in a study of 12 people (mean age 65 years) with rheumatoid
arthritis. This study assessed plantar pressure and pain over the 2nd metatarsal and found
a significant reduction in both pressure and pain with the use of orthoses compared to
no orthoses. The addition of padding in the form of a latex rubber dome positioned
posterior to the 2nd metatarsal head further reduced the plantar pressure and pain.
The use of padding to relieve plantar pressure has been demonstrated in a number of
studies. Caselli et al [249] compared cushioning insoles made from 3mm Poron® or
Viscoped® to no insole in 35 participants (mean age 42 years) with painful plantar
keratoses over a four week period. Significant reductions were found in the Foot
Function Index, which incorporates a measure of disability and activity restriction, for
both the Poron and Viscoped groups compared to no insole. While the effect on pain
was not assessed, the finding of a reduction in plantar pressure with the use of insoles or
pads made from cushioning material has been mirrored in a number of other studies.
[127, 205, 250-252]. All these studies report that the padding should be placed proximal
to the metatarsal heads. This has been contradicted in two studies that found no change
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in pressure with padding proximal to the metatarsal heads [253, 254] and another study
that found padding distal to the metatarsals [255] to be most effective. These differences
are likely to be due to variations in the plantar pressure protocol and participant
characteristics and some trial and error may be required to determine the optimal
position for the pad.
There have been two studies that have assessed the effects of padding [256] and
orthoses [257] in the older population. A randomised trial by Kusumoto et al [256]
compared plantar padding to no padding on the health-related quality of life in 79 older
community-dwelling adults (mean age 75.2 years). The padding group demonstrated a
significant improvement in the health-related quality of life scale (SF-36) including a
significant reduction in the pain subscale after one month compared to the no padding
group. The second study was an uncontrolled trial by Mulford et al [257] who reported
a significant reduction in self-reported foot pain after 6 weeks of wearing the orthoses in
a sample of 67 older people (mean age 69.9 years). Significant improvements were also
reported in balance (Berg balance test) and functional ability (timed up and go test).
However, the absence of a control group in this study limits the validity of these
findings as the effectiveness of the orthoses may have been over-estimated [258].
Overall, these studies demonstrate that the use of foot orthoses and padding can reduce
pain and may lead to improvements in balance and functional ability. The high
prevalence of foot lesions and pain in older people, and the demonstrated benefits from
orthoses in pressure and pain reduction present an opportunity to investigate whether
these benefits translate into a reduction in the risk of falling.

2.5.2.4 Summary
There is a lack of large scale, well designed trials on the effect of foot orthoses in
improving balance and functional ability to provide clear guidelines on appropriate foot
orthoses to be used in falls prevention. Furthermore, few studies have investigated the
effects of orthoses on older people. Nevertheless, there is some evidence to suggest that
foot orthoses can improve balance through structural support of the foot and lower limb.
Stronger evidence indicates more substantial benefit is gained by the reduction of pain
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by redistributing pressure through the use of contoured foot orthoses or by the
cushioning effect of padded material. Consequently, the use of contoured foot orthoses
and cushioning material may provide some benefit to older people to improve balance
and reduce the risk of falling.

2.5.3 Exercise
2.5.3.1 Exercise as a falls intervention
Exercise is well established as an intervention in preventing falls in older people, with a
number of falls prevention guidelines recommending exercise as an effective method of
reducing the risk of falling [18, 19, 21, 56, 259-261]. These recommendations are based
on a substantial body of evidence with a number of literature reviews [4, 262-267],
systematic reviews and meta-analyses [260, 268-271] of falls intervention trials
concluding that exercise programmes for elderly adults living in the community can
reduce the risk of both non-injurious and injurious falls. Meta-analysis studies have
reported the reduction in the rate of falling to be in the order of 17 to 55% (Table 2.4).
When considering the studies in Table 2.4, the meta-analysis by Petridou et al [270]
only examined trials of community-dwelling participants with a history of falling and
excluded trials with participants selected for comorbidities (e.g. vision impairment,
osteoporosis), which explains the low number (five) of included trials. While the focus
of these reviews and their study inclusion criteria varied there is considerable
commonality between the reviews in their findings and the reported limitations.
Exercise programmes are diverse in nature. The Prevention of Falls Network Europe
(ProFaNE), a collaborative project to promote best practice in research on falls in older
people, list six types of exercise categories in their falls prevention classification system
[272]. These categories are gait/balance/functional training, strength/resistance,
endurance, flexibility, 3D (Tai Chi, dance), general physical activity (sport, gardening)
and endurance. While providing some degree of clarity, this is still problematic as the
categories frequently overlap such as the 3D modality of Tai Chi which is generally
regarded as a combination of both balance and strength training [260].
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Most reviews conclude that to reduce the rate of falls, exercise programmes for older
people should contain two or more of the exercise categories, especially balance
training and muscle strengthening of the lower limb [4, 260, 262, 263, 266, 271]. This
can be characterised by the pooled analysis for exercise interventions in the Cochrane
systematic review of interventions for preventing falls in older people living in the
community [260]. This review stated that three different approaches to exercise appear
to have significant beneficial effects in reducing both rate of falls and risk of falling:
multiple component group exercise, Tai Chi as a group exercise, and individually
prescribed multiple component exercise carried out at home (Table 2.4). This also
reflects the findings of many reviews that an exercise intervention can be equally
effective when conducted in supervised group classes or unsupervised by the individual
at home.
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Table 2.4 Summary of meta-analyses, including pooled estimates of risk and rate of falling following exercise intervention
Fallers

Falls rate
No. of
Incidence rate
participants (95% CI, significance)

Study name

Study populations

No. of
trials

No. of
participant
s

Risk ratio
(95% CI, significance)

No. of
trials

Sherrington, 2008 [271]

Older people

n/a

n/a

n/a

44

9,603

0.83 (0.75-0.91, p<0.001)

Chang, 2004 [269]

Age >60 yrs

13

n/a

0.86 (0.75-0.99, p<0.05)

19

n/a

0.86 (0.73-1.01, p>0.05)

Petridou, 2009 [270]

Community dwelling,
age > 65yrs,
history of falls,
Sample not selected by
comorbidity

n/a

n/a

n/a

5

597

0.45 (0.29-0.71, p<0.001)

Gillespie, 2009 [260]

Community dwelling,
age > 60yrs

Multiple
component
group exercise

17

2,492

0.83 (0.72-0.97, p=0.018)

14

2,364

0.78 (0.71-0.86, p<0.001)

Tai Chi

4

1,278

0.65 (0.51-0.82, p<0.001)

4

1,294

0.63 (0.52-0.78, p<0.001)

Individual
prescribed
multiple
component
home-based

3

566

0.77 (0.61-0.97, p=0.028)

4

666

0.66 (0.53-0.82, p<0.001)
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The most effective form of exercise to reduce falls remains unclear. Three systematic
reviews [269, 271, 273] estimated the effect of individual exercise categories on the
falls rate, with their findings presented in Table 2.5. In all three reviews, balance
training had the largest effect on reducing the falls rate by 17% to 25%. Clearly the
inclusion of balance training in exercise programmes appears to be important. However,
Chang et al [269] noted that they were unable to detect statistically significant
differences or consistent trends in the efficacy between different types of exercises, with
colinearity between the exercise modalities being problematic. Further, Province et al
[273] stated that the conclusions about the effects of specific types of exercise in their
analysis must be guarded by the fact that many of these were tested in combination with
other types of exercise and/or non-exercise interventions. Consequently, if a different
array of exercise combinations had been tested, the reported outcomes might well be
different, preventing a definitive analysis and definition of the most effective type of
exercise.
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Table 2.5 Pooled estimate of individual exercise components on falls
Province 1995 [273]
Exercise Type

Chang 2004 [269]

Sherrington 2008 [271]

No of
trials
8

Adjusted rate, 95% CI,
significance
0.96, n/a, p=0.59

No of
trials
14

Adjusted rate, 95% CI,
significance
1.04, 0.76-1.42, n/a

No of
trials
19

Adjusted rate, 95% CI,
significance
1.09, 0.87-1.36, p=0.47

Balance

6

0.83, n/a, p=0.03

14

0.78, 0.60-1.01, n/a

34

0.75, 0.60-0.94, p=0.01

Endurance

3

0.98, n/a, p=0.87

5

1.53, 1.04-2.25, n/a

20

0.94, 0.75-1.18, p=0.58

Flexibility

6

0.93, n/a, p=0.29

6

1.03, 0.68-1.54, n/a

12

0.89, 0.69-1.15, p=0.37

Resistance

n/a=not available
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A number of falls prevention guidelines state that the intervention strategy should target
those at a higher risk of falling [21, 56, 263]. The Cochrane systematic review [260] of
falls prevention trials for community-dwelling people observed that prevention
programmes that target an unselected group of older people on the basis of risk factors
or age, are less likely to be effective than those that target known fallers. However, they
also stated that for exercise studies this was not the case, with subgroup analysis failing
to identify evidence of a difference between the included studies targeting people with
known falls risk and studies where people were not enrolled on the basis of risk. The
review by Chang et al [269] also found no significant differences in the effectiveness of
the intervention by the population studied. Similarly, Sherrington et al [271] reported
that there was a lesser effect of exercise on falls rates in trials that were conducted in
higher-risk populations. However, these authors argued that this may be an anomaly and
that the absolute effects of exercise may be greater in high-risk populations. They give
the example of a study with a high risk population of multiple-fallers [274] that found a
31% difference in the fall rate between the intervention and control group in which the
control group fall rate was 3.2 falls per person-year. This equates to the prevention of 1
fall per person-year. A trial in a lower-risk population [275] in which the control group
rate was 0.52 falls per person-year found a 51% between-group difference, which
equates to the prevention of 0.27 falls per person-year. Consequently, exercise for falls
prevention should be undertaken in populations at high risk as well as the general older
community.

The required frequency and length, or total dosage, of exercise that is required for an
exercise programme to be effective is also open to debate. Lord et al [4] suggest at least
three exercise sessions a week conducted for a minimum of 6 weeks, but that longerterm programmes are required for sustained benefits. Using a meta-regression analysis
model, Sherrington et al [271] reported total exercise dose explained a significant and
independent amount of variability with regard to the effectiveness of the exercise trials.
Exercise dosage was calculated as the combined frequency of exercise on a weekly
basis with the programme length. This measure proved to be superior in discriminating
between less-effective and more-effective trials than weekly exercise frequency or
programme length when analysed separately. The dosage of exercise programmes
varied considerably between the included trials but the authors calculated that the
criterion for a minimal effective exercise dose would equate to a twice weekly
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programme running over 25 weeks. This is considerably longer than many programmes
which are typically 10-12 weeks [4, 271].

In summary, the evidence suggests that exercise is an effective falls prevention
intervention that can decrease the number of falls and risk of falling for a targeted group
of older individuals. Exercise programmes that have been more consistently effective
use multiple modalities of exercise, especially those involving balance training and
strengthening exercises. Effective exercise interventions can be administered in a group
session or individually at home. Increased efficacy of exercise as a falls prevention
intervention has also been noted with programmes that include balance training as well
as those that use a higher dose of exercise.

2.5.3.2 Foot and ankle exercise in falls trials
As noted earlier in the chapter (section 2.3.3), muscle weakness has been identified as a
significant risk factor for falls [58]. It has been reported in a number of systematic
reviews that this risk factor can be modified through exercise in the form of progressive
resistance training programmes, which result in improvements to muscle strength and
some aspects of functional limitation in older people [276-280]. While much of this
evidence is based on studies assessing knee extension strength, a number of studies
have identified weakness of the ankle and foot musculature to be independent falls risk
factors [14, 15, 70, 128]. In spite of this, no falls intervention studies have targeted foot
and ankle strength in isolation.

There have been a number of falls prevention studies that have included ankle
dorsiflexion and plantarflexion strength exercises (Table 2.6). However, they have
always been part of a multi-component exercise programme that has included other
lower limb strength exercises (knee and hip), balance retraining, flexibility and/or
endurance activities [86, 281-292]. Improvements in ankle strength have been recorded
in two falls intervention trials. Buchner et al [282] conducted a trial comprising 105
older people (mean age 75 years) with mild deficits in strength and balance who
underwent a strength and endurance exercise programme for 26 weeks. They reported a
significant reduction in the falls rate for the intervention group compared to the control
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group, as well as significant improvements in strength for ankle plantarflexion and
inversion. Lord et al [287] reported a significant improvement in ankle strength, but
there was no reduction in the number of fallers between the exercise and control groups.
A multi-component exercise programme comprising strength, balance and flexibility
was utilised in this trial involving 176 community-dwelling women (mean age 71.6
years). Two other trials [281, 291] found a significant reduction in the falls rate
following a multi-component exercise programme but no improvement in ankle strength
was recorded.

Despite including ankle exercises, the remainder of the trials did not assess ankle
strength or report the ankle strength measurements [86, 283-286, 288-290, 292].
Improvements in falls rate was recorded in six of these trials [283, 285, 286, 289, 290,
292] but no improvements were found in the remaining three [86, 284, 288]. While a
number of trials recorded improvements in balance and functional tests [281, 283, 285,
287, 288, 292], the inclusion of specific balance and agility exercises are more likely to
be responsible for these as opposed to any improvements in muscle strength. The
incomplete descriptions of the exercises used as well as varying population samples
make it impossible to draw any firm conclusions. This is confirmed by the lack of
comment by any of the authors of these trials about the effect of the ankle exercises on
the falls outcomes, or indeed the effectiveness or otherwise of the ankle exercises on the
secondary measures of strength and balance.
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Table 2.6 Studies with falls as primary outcome measure where exercise programme included specific ankle exercises
Study

Mean
Age

Sample
size

Exercise
components

Barnett, 2003 [281]

75

163

S, B, E, F

Buchner,1997 [282]

75

105

S, E

Campbell, 1997 [283]

84

233

S, B, E

Campbell, 1999 [86]

75

93

S, B, E

Campbell, 2005 [284]

84

391

S, B, E

Liu-Ambrose, 2008 [285]

82

74

S, B, E

Lord, 1995 [287]

72

197

S, B, E, F

Specific ankle
exercises

Resistance against
resistive bands for
DF. Resistance
against body
weight for PF
Resistance against
weights for DF,
PF, Inv, Ev
Resistance against
body weight for
DF, PF
Resistance against
body weight for
DF, PF
Resistance against
body weight for
DF, PF
Resistance against
body weight for
DF, PF
Resistance against
body weight for
DF, PF

Ankle
strength
assessed

Significant
improvement
in ankle
strength

Significant
improvement in
balance measures

Estimate of
falls rate ratio
(95% CI)

DF

None

Static postural sway
Coordinated stability

0.60 (0.36-0.99)

DF, PF,
Inv, Ev

PF, Inv

None

0.61 (0.39-0.93)

None

n/a

Static postural sway

0.68 (0.52-0.90)

None

n/a

Not reported

0.87 (0.36-2.09)

None

n/a

Not reported

1.15 (0.82-1.61)

None

n/a

Static postural sway

0.65 (0.25-1.70)

DF

DF

Static postural sway

0.99 (0.65-1.50)
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Table 2.6 continued Studies with falls as primary outcome measure where exercise programme included specific ankle exercises
Study

Mean
Age

Sample
size

Exercise
Specific ankle
components exercises

Lord, 2003 [286]

80

551

S, B, F

Luukinen, 2007 [288]

88

486

S, E

Robertson, 2001 [289]

81

240

S, B, E

Robertson, 2001 [290]

84

450

S, B, E

Rubenstein, 2000 [291]

74

59

S, B, E

Suzuki, 2004 [292]

78

52

S, B, E, F

Resistance against
body weight for
DF
Resistance against
body weight for
DF, PF
Resistance against
body weight for
DF, PF
Resistance against
body weight for
DF, PF
Resistance against
resistive bands for
DF. Resistance
against body
weight for PF
Resistance against
body weight for
PF

Exercise components: S=Strength, B=Balance, E=Endurance, F=Flexibility
DF=Dorsiflexion, PF=Plantarflexion, Inv=Inversion, Ev=Eversion
n/a=Not applicable

Ankle
strength
assessed

Significant
improvement
in ankle
strength

Significant
improvement in
balance measures

Estimate of
falls rate ratio
(95% CI)

None

n/a

None

0.78 (0.62-0.99)

None

n/a

Static postural sway

0.93 (0.80-1.09)

None

n/a

Not reported

0.54 (0.32-0.90)

None

n/a

Not reported

0.70 (0.59-0.84)

DF, PF

None

None

0.90 (0.42-1.91)

None

n/a

Tandem walk

0.35 (0.14-0.90)
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2.5.3.3 Foot and ankle exercise involving older people
As falls trials to date do not provide any guidance regarding appropriate foot and ankle
exercise to prevent falls, trials that incorporated foot and ankle exercises as part of a
broader investigation of the effect of exercise on strength and balance in older people
were reviewed. Hartmann et al [293] investigated the effect of foot exercises combined
with physical exercise on gait, muscle power and functional performance (timed up and
go test) in 56 independent living older people (mean age 75.9 years). Participants were
randomly assigned to either a foot gymnastics group (n=28) or training group (n=28)
with a further 14 participants (mean age 76.0 years) integrated as a control group. The
training and foot gymnastics groups completed the same training programme consisting
of aerobic exercises, progressive resistance strength training (for muscles of the hip and
knee) and stretching exercises in a supervised group-class twice per week for 12 weeks.
The foot gymnastic group also performed additional foot gymnastic exercises at the end
of the group sessions and a 10 minute foot gymnastics home programme daily which
involved walking on tiptoe and heels, using the toes to grasp small objects, playing skill
games with their feet and stretching of the ankle joint. Compared to the control group,
both the training group and foot gymnastic group showed significant improvements in
gait parameters and ankle plantarflexor strength but not dorsiflexion strength. However,
the foot gymnastics group and the training group did not differ significantly in their
improvements, indicating that there were no additional effects on physical performance
after foot gymnastic exercises. The authors stated this finding might be due to a
substantial number of participants who did not comply with the foot gymnastics home
programme, or that the training programme was of sufficient intensity to make the foot
gymnastic exercises redundant. Further, the groups were relatively healthy and so the
outcomes cannot be generalised to frail persons or persons with foot problems.

The lack of benefit from additional specific foot exercises above a general exercise
programme was also observed in a small trial by Webber and Porter [294]. Fifty
community-dwelling women (mean age 75.0 years) with impaired mobility were
randomised to one of three groups: control, weight training and resistance band training.
All groups conducted completed a seated 30 minute exercise class consisting of lower
body exercises (e.g. marching, knee extensions, ankle circles, toe tapping), twice
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weekly for 12 weeks. In addition, the two exercise groups conducted ankle
plantarflexion exercises for 15 minutes using either weights or resistant bands (Theraband®). Compared to the control group, no significant improvements were found for
ankle plantarflexion strength or power following the exercise programme. All
participants (including the control group) completed the general exercise programme,
which may account for this lack of improvement. While absolute increases in
plantarflexor strength were observed, the study was underpowered to detect clinically
worthwhile differences due to a small sample size.

While there have been no trials assessing interventions to improve toe strength in older
community-dwelling adults, there are two small trials that have shown toe strengthening
exercises to have positive benefits. A small randomised trial by Kobayashi et al [295]
evaluated the effectiveness of toe grasp training on standing balance in 19 nursing home
residents aged over 65 years (mean age 77.3 years). The intervention group (n=9)
completed an exercise programme three times a week for eight weeks, consisting of
using the toes to gather a towel attached to a weight and passing bean bags from one
place to another, while the control group (n=10) participated in undescribed group
physical exercise. Postural sway was recorded as the displacement of the centre of
pressure using a force plate, with the intervention group demonstrating significant
improvement in postural sway parameters after completion of the programme. The other
study by Ungar and Wooden [296] of fifteen young adults (age range 21 to 62 years)
reported a significant increase in toe plantarflexor strength following toe exercises three
times a week for six weeks. The toe exercises used an Archxerciser® where the person
retracts their toes against a spring-loaded bar. These experimental studies suggest
exercises for the toe plantarflexors may be a useful addition to an exercise programme
but clearly more substantial research is required to establish the effect in regard to falls
prevention.

Low intensity lower limb exercises were used by Mills [297] to investigate their effect
on strength, balance and range of motion in a group of 47 older people (mean age 75.0
years), predominantly female, living in the community. The intervention group
completed a 20 minute exercise programme three times a week for eight weeks. The
exercise programme consisted of stretching exercises for the knee and ankle and
strength exercises that were predominantly squats and leg extensions aimed at
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strengthening the quadriceps and hamstrings (but did include calf raises for
strengthening the ankle plantarflexor muscles). Compared to the control group,
significant improvements were found for range of motion of the ankle for both
plantarflexion and dorsiflexion. There were no improvements found for balance or for
the strength of the ankle or knee. The authors believed the low-intensity of the exercises
in conjunction with the short duration explained the lack of improvement in strength
and balance.

The total dosage of exercise may also be important, as Sohng et al [298] reported
significant improvements in lower limb strength and range of motion following an eight
week exercise programme. In this study the exercises were conducted four times a week
with sessions increasing each week from the initial 40 minutes. Significant
improvements, for the intervention group compared to the control group, were found for
ankle strength and range of motion for both ankle dorsiflexion and plantarflexion.
However, these findings might be as much to do with the use of a multi-component
exercise programme, consisting of exercises to increase range-of-motion, strength,
balance and endurance, as the higher dosage. The study group consisted of 45
community-dwelling older people (mean age 75.7 years).

Higher dosage and more intensive exercise was used by Wolfson et al [299] in a trial of
110 community-dwellers (mean age 79.8 years) who were randomised to four groups of
control, balance training, strength exercises and, both balance training and strength
exercises. Group sessions were conducted three times a week for 12 weeks and sessions
lasted for 45 minutes (90 minutes for the group completing both the balance training
and the strength exercises). The strength exercises consisted of static stretching plus
resistance training using static weight machines for ankle dorsiflexion as well as
muscles of the knee and hip, and repetitive lifting of body weight (heel rises) for ankle
plantarflexors. The balance training included equilibrium control exercises and centreof-pressure biofeedback. Participants who undertook strength training recorded
improvements in ankle plantarflexion strength but not dorsiflexion strength. Strength
improvements were also recorded in extension and flexion of the knee and hip.
Participants who undertook balance exercises recorded significant improvements in all
the tests of balance. There was no interaction between balance and strength training
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with minimal overlap in the balance and strength outcome measures, suggesting that
there is task-specificity associated with each exercise mode.

Improvements in ankle flexibility in the studies by Mills [297] and Sohng et al [298] are
relevant as reduced ankle range of motion has been associated with an increased risk of
falling [14]. A number of other small trials involving community-dwelling older people
have demonstrated the beneficial effect of exercise on ankle flexibility [300-302].

Gajdosik et al [300] investigated static stretching and reported significant improvements
in ankle dorsiflexion range of motion following an eight week calf stretching
programme in 19 older women (mean age 74.1 years). Trials by Raab et al [301] and
Swank et al [302] also assessed the effects of exercise on ankle range of motion but in
addition, investigated the effect of adding weights to flexibility exercises. Raab et al
[301] used a 25 week programme of one hour duration, three times a week, of low
resistance lower limb exercises including stretching, in a sample of 46 women (mean
age 71 years). The sample was randomised to three groups of control, exercise and
exercise using weights. The same exercise programme was used for both exercise
groups with the addition of ankle weights for the weights group. Compared to the
control group, both exercise groups reported significant improvements in ankle
plantarflexion range of motion but not dorsiflexion. There was no difference in ankle
range of motion between the two exercise groups. Swank et al [302] conducted a similar
trial with 43 older people (mean age 67.9 years) using a control, an exercise and an
exercise plus weights group. The programme consisted of low resistance upper and
lower limb exercises of one hour duration, three times a week, for 10 weeks. Significant
improvements were observed for both ankle plantarflexion and dorsiflexion range of
motion in both exercise groups compared to the control group. Unlike the Raab et al
study [301], there was a significant improvement between the two exercise groups with
dorsiflexion range of motion improving significantly in the weights group compared the
exercise only group. The authors attributed this to increasing the resistance during the
programme and exercising the joint through the full range of motion. While plausible, a
corresponding improvement in ankle plantarflexion range of motion between the two
exercise groups should also have been observed. While the addition of weights may not
consistently add benefit, the combined evidence from these trials provides a clear
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indication that ankle range of motion can be improved through ankle flexibility
exercises.

Overall, these trials provide limited guidance for specific foot and ankle exercises that
are effective in increasing strength or improving balance. Flexibility exercises are an
exception in that the trials consistently demonstrated improved ankle range of motion.
Both stretching and low resistance exercises requiring movement of the joint were
effective. Strength training for the ankle demonstrated inconsistent findings. The small
number of trials and variations in types of exercises prevents conclusions about optimal
ankle strength exercises being made. The exploratory toe strengthening trials indicate
that this may provide benefits for strength and balance. However, the small sample
sizes, a feature of all these trials discussed in this section, limit the strength of these
findings.

2.5.3.4 Summary
The evidence of numerous falls exercise intervention studies have established that
exercise is an effective intervention for falls prevention. Although lower limb muscle
weakness, toe plantarflexor strength and ankle range of motion have all been identified
as falls risk factors, this section has highlighted the paucity of substantial research into
exercise specific to the foot and ankle in older people. Falls intervention trials have
failed to target the foot and ankle either for specialised exercises or distinct assessment.
Non-falls prevention trials involving foot and ankle exercises have lacked consistency
and sample sizes have frequently been small. Consequently there is limited good quality
data to give direction for building a falls prevention exercise programme that is specific
to the foot and ankle.

A podiatry-led falls intervention with a focus on the foot and ankle places some
limitations on the types of exercise that could be used. Resistance and flexibility
exercises can be aimed specifically at the ankle and foot to increase the strength and
range of motion. Exercises aimed at enhancing balance and functional ability involves
more proximal muscles as well as a wider range number of physiological processes that
are not foot-specific. Further, in view of the effectiveness of balance exercises in
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reducing falls, the inclusion of balance exercises would make it difficult to delineate
any effects of foot exercises on balance, functional ability or falls.

From a broader perspective, there is some evidence from falls trials as to what
constitutes an effective exercise programme. A programme should be performed at least
twice weekly for 25 weeks. It can be conducted effectively either in supervised group
sessions or unsupervised in a participant’s own home. In addition, a novel exercise
programme for the foot and ankle needs to expand the scope of study. The work to date
has focused on the sagittal plane movements of the ankle. It is possible that the coronal
plane movements of the ankle and subtalar joint may also be important as the strength
of the toes, and appropriate exercise should be incorporated into an exercise
programme.

2.6 Conclusion
The prevention of falls in the older population is a challenge faced by many health
professionals. The high incidence of falls among community-dwelling adults and the
resulting injuries make falls a major public health problem. The causes of falls have
been investigated in detail. Central to the issue are the multiple sensory, motor and
cognitive systems that control balance. Deficits in these factors can occur as a
consequence of ageing, illness and medication, which result in a significant increase in
the risk of falling.

With the foot providing the structural foundation for both static support and progression
of the body during gait, it is plausible that foot problems could impair balance and
increase the risk of falling. Until recently, foot disorders have been overlooked as a
potential cause of falls, despite the known high prevalence of foot problems in the older
population. Prospective studies have demonstrated the association of foot problems with
falls as well as impairment to mobility and activities of daily living. Specifically, foot
pain, reduced range of motion, toe weakness and toe deformity has each been shown to
be independent risk factors for falling. In addition, footwear-related falls risk factors
have also been highlighted, which include walking barefoot, in socks alone or in shoes
with inadequate fixation, increased heel height and reduced sole contact area.
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Given the emerging evidence that foot problems and inappropriate footwear increase the
risk of falls, several falls prevention guidelines recommend that older people have their
feet and footwear examined by a podiatrist. However, these guidelines do not specify
the assessment or intervention activities to be undertaken, and there are very few
randomised controlled trials to inform clinical practice. Three multifactorial
intervention studies have included assessment of participants’ feet and footwear as part
of the protocol, with referral to a podiatrist where appropriate. However, the criteria for
when a referral to a podiatrist should be made was not described, nor was there any
analysis of the effectiveness or benefit of such referrals. Only one trial has been
undertaken in relation to footwear, which specifically focused on a modification to
reduce slipping on icy surfaces.

To address this gap in the literature and to determine whether podiatry has a role to play
in falls prevention, the aim of this thesis is to conduct a randomised controlled trial to
determine the effectiveness of a novel, multifaceted podiatry intervention addressing
foot and footwear risk factors in reducing the rate of falls in older community-dwelling
people with disabling foot pain.
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CHAPTER 3

Methods
3.1 Introduction
This chapter describes the methods used in the randomised controlled trial conducted
for this thesis. A paper describing the protocol for this trial has been published in BMC
Geriatrics [303], Appendix 1.

3.2 Study design
This study was a parallel-group randomised controlled trial with a one-year follow-up
(Figure 3.1) to evaluate the efficacy of a multifaceted podiatry intervention to improve
balance and prevent falls in older people. The trial utilised single blinding where the
assessors were unaware of group allocation.

3.2.1 Ethical approval
The Human Research Ethics Committee of La Trobe University approved the trial,
approval number 07-118 (Appendix 2). The trial was registered with the Australian
New Zealand Clinical Trials Registry: ACTRN12608000065392.

3.2.2 Randomisation protocol
Participants were randomly allocated to either a “usual care” control group or the
“multifaceted podiatry” intervention group. Permuted block randomisation was
undertaken using an interactive voice response telephone service provided by the
National Health and Medical Research Council Clinical Trials Centre at the University
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of Sydney, Sydney, Australia. Once a participant had completed the screening process
and was deemed eligible for the project, the investigator (the person administering the
intervention) telephoned the randomisation service and responded to the prompts to
obtain that participant’s allocation.

Recruitment mail-out from database

Telephone screening

Baseline assessment

Participants randomised

Control group

Intervention group

- usual podiatry care

- usual podiatry care
- footwear advice
- new footwear
- foot orthoses
- exercise program
- falls education

6 month follow-up assessment of
secondary outcome measures

12 month follow-up assessment of
primary outcome measures
(monthly falls diaries)

Figure 3.1 Design of study

Exclusion based
on eligibility criteria
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3.2.3 Blinding
This trial used single blinding where the assessors (the people conducting the
assessments) were blinded to group allocation. Due to the nature of the intervention
neither the participants nor the intervention provider (investigator) were blind to group
allocation.

3.3 Participants
3.3.1 Recruitment method
Community-dwelling men and women aged 65 years and over were recruited from July
2008 to September 2009 by a mail-out letter from a database of people who had
accessed podiatry services at the La Trobe University Health Sciences Clinic,
Bundoora, Victoria, Australia in the 12 months prior to July 2008. Advertisements were
also placed in newspapers (The Age, 50 Plus News and The Senior), on a Melbourne
radio station (Magic 1278), in the newsletter of the National Ageing Research Institute,
and via flyers placed in the waiting room of the community health podiatry clinic at the
Bundoora Extended Care Centre, Bundoora, Victoria, Australia.

The La Trobe University Health Sciences Clinic is a well-established facility on the
campus of La Trobe University, which provides low-cost podiatric care to the local
community. All people over the age of 65 years who had attended the clinic in the
previous 12 months were sent a letter inviting them to participate (Appendix 3). Two
free monthly publications aimed at the older population, 50 Plus News and The Senior
advertised the trial for one month only (Appendix 4). Both these publications are
delivered to numerous outlets in metropolitan Melbourne and country Victoria
including Woolworths supermarkets, pharmacies and senior citizens clubs. An
advertisement was placed in The Age, a major Victorian broadsheet newspaper, and was
run on two separate days with an interval of one month between each advert (Appendix
5). The Age newspaper has national distribution through newsagents and convenience
stores. A 30 second advertisement was run on Magic 1278, an AM radio station
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servicing the Melbourne metropolitan area whose target demographic are people over
60 years. The advertisement ran twice daily during the 6am to 9am morning programme
for ten consecutive weekdays. An advertisement was also placed once only in the
newsletter of the National Ageing Research Institute which is distributed to its members
monthly. Recruitment was also conducted through the placement of flyers (Appendix 6)
in the waiting room of the Bundoora Extended Care Centre, Bundoora, Victoria,
Australia which is a community health podiatry clinic servicing the local area.

3.3.2 Inclusion criteria
To be included in the study, participants had to meet each of the following inclusion
criteria:

(i) an elevated risk of falling, defined as either a history of a fall in the previous
12 months, a score of > 1 on the short Physiological Profile Assessment (PPA)
(see section 3.7.1) [7] or performance on the alternate stepping test (the time
taken to alternately place each foot on a 19cm high step eight times, (see section
3.7.5.2) of > 10 seconds [304];
(ii) self-reported disabling foot pain, defined as people who have had foot pain
lasting for at least a day within the last month and a positive response to at least
one item on the Manchester Foot Pain and Disability Index (Appendix 7) [305];
(iii) cognitively intact, defined as a score of ≥ 7 on the Short Portable Mental
Status Questionnaire, which consists of ten questions testing memory, scoring
one for each correct response (Appendix 8) [306].

3.3.3 Exclusion criteria
Participants were excluded if they had any of the following:

(i) a neurodegenerative disorder including Parkinson’s disease, Alzheimer’s
disease, dementia, multiple sclerosis, Huntington’s disease, encephalitis,
traumatic brain injury and amyotrophic lateral sclerosis;
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(ii) a lower limb amputation which involved the removal of more than one toe;
(iii) inability to walk household distances (10 metres) without the use of a
walking aid;
(iv) inability to read and speak basic English;
(v) lower limb surgery within three months prior to the initial assessment or
planned lower limb surgery within a period of three months of the planned
initial assessment.

3.3.4 Sample size
The sample size for the study was pre-specified (i.e. determined a priori) using an
appropriate sample size formula [307]. A sample size of 143 participants in each group
provided 80% power to detect a 30% reduction in the intervention group in the primary
outcome of the percentage of fallers at an alpha level of 0.05. The sample size was
determined using the following assumptions:

(i) a falling rate of 60% in the control group (as has been observed in older
people with foot pain in a previous risk factor study by Menz et al [14]);
(ii) a falling rate of 42% in the intervention group (which equates to a 30%
reduction in the number of fallers, recently demonstrated in a similar
multifaceted study by Clemson et al [308]),
(iii) a drop-out rate of 15%.

To allow for unforeseen circumstances the stated aim was to recruit 300 participants
(i.e. approximately 150 per group).

3.4 Control group
The participants in the control group were asked to continue whatever podiatry
treatment they currently received for the 12 months of the study. All participants were
offered basic podiatry treatment free of charge in the La Trobe University Health
Sciences Clinic for the 12 months of the study regardless of whether they were current
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patients of the clinic. This typically included toenail maintenance and scalpel
debridement of hyperkeratotic lesions (corns and calluses). This intervention is
consistent with the usual ongoing “maintenance” care that is provided to older people
attending public sector podiatry services (such as community health centres, outpatient
podiatry clinics and Department of Veterans’ Affairs subsidised private podiatry) [309].

3.5 Intervention group
The intervention group was also asked to continue whatever podiatry treatment they
currently received for the 12 months of the study. All participants were offered basic
podiatry treatment free of charge in the La Trobe University Health Sciences Clinic for
the 12 months of the study regardless of whether they were current patients of the clinic.

In addition, they received a multifaceted podiatry intervention consisting of:

3.5.1 Footwear advice and provision
The participants’ outdoor footwear was assessed using a validated footwear assessment
form (Appendix 9) [144]. Participants were deemed to have inappropriate footwear if:

(i) the heel height was greater than 4.5cm or,
(ii) the shoe had any two of the following;
- no fixation,
- no heel counter or the heel counter could be depressed to greater than
45°,
- the tread pattern of the sole was fully worn or manufactured with a
smooth sole,
- the shoe heel width was narrower than the participant’s heel width by
greater than or equal to 20%.

Participants with inappropriate footwear were counselled regarding the specific
hazardous footwear feature/s identified, and were provided with a handout on what
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constitutes a safe shoe (Appendix 10). They were then given the contact details of an
extra-depth and medical grade footwear retailer a and asked to purchase a more
appropriate pair of shoes. The purchase of footwear was assisted by the provision of an
AUD$100 voucher at one of the designated retailers of their choice.

3.5.2 Foot orthoses
Prefabricated insoles (Formthotics™, Foot Science International Ltd, Christchurch,
New Zealand) manufactured from a thermoformable cross-linked closed cell
polyethylene foam were issued to each participant who was not currently wearing a
customised orthosis or prefabricated insole. A full-length dual density device consisting
of a firm density base (density rating of 160 kg/m3) and a soft density top cover
(density rating of 70 kg/m3) was used (Figure 3.2).

Figure 3.2 Prefabricated orthoses (Formthotics™, Foot Science International Ltd,
Christchurch, New Zealand) used in the study with the addition of 3mm poron

a

The retailers involved (i) Gilmours Shoes, West Heidelberg, Melbourne, (ii) Mortons Shoes, Ivanhoe,
Melbourne and (iii) Bilby Shoes, Thomastown, Melbourne.
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Consistent with the manufacturer’s instructions, the insole was moulded to the
participant’s foot shape by heating the insole using a heat gun, then with the device in
the shoe the participant stood while the investigator held the foot in the subtalar neutral
position for two minutes. The subtalar neutral position has been specified as the
reference position for relationship between the forefoot and rearfoot and is defined as
when the head of the talus is believed to extend equally at the medial and lateral borders
of the talonavicular joint [310]. The insoles were then appropriately customised using
three millimetre thick Poron, a urethane foam, to redistribute pressure away from
plantar lesions that were identified on the participant’s forefoot (Figure 3.3).

Figure 3.3 Examples of insole designs to redistribute pressure away from plantar
hyperkeratotic lesions incorporated into the foot orthoses used in the study [311]

3.5.3 Home-based exercise program
The participants were asked to perform a home-based exercise programme three times
per week for six months aimed at stretching and strengthening the muscles of the foot
and ankle. All participants were prescribed the same exercise program. They were
instructed to increase the number of repetitions or resistance at a self-paced rate based
on their ability to perform the exercise with no pain during the movement and no
soreness in the affected muscle groups the next day.
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As discussed in Chapter 2, few studies have evaluated the efficacy of foot and ankle
exercises, so the optimum selection and dosage is unknown. Therefore, a novel exercise
programme was developed based on exercises that have been described, if not
thoroughly investigated, in the literature [116, 293, 295].

A practical demonstration of the exercises was conducted at the baseline assessment.
The demonstration included an explanation of when and how to increase the intensity of
each exercise. The participants were provided with an illustrated explanatory booklet of
each exercise (Appendix 10) and a DVD (Appendix 11) demonstrating the exercises.
All necessary equipment (e.g. Archxerciser®, ausband® elastic tubing, marbles and
rubber bands) for the participants to undertake the exercise programme was provided by
the researchers. It was expected that the exercise programme would take between 30
and 45 minutes to complete each day.

The participants were provided with an exercise diary (Appendix 12) to tick on each
day they completed the exercise programme and were asked to return the diary monthly
to the researchers in pre-paid envelopes. If the participants chose to perform half the
exercises on one day and half on the next day, they were told to tick one day only, not
both days, on the exercise diary.

The exercises are described in more detail below and a summary of the individual
exercises is provided in Table 3.1.

3.5.3.1 Foot circles
This exercise was used to maintain/increase ankle joint range of motion. The participant
sat in a chair with their knee flexed at 90º. They lifted one foot off the ground and
rotated the ankle in a clockwise direction to its maximal range of motion (i.e. as large a
circle as possible). They completed 10 circles in a clockwise direction and then
performed another 10 circles in an anti-clockwise direction, before repeating the same
movements with the other foot.
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Table 3.1 Description of specific exercises

Name

Description

Dosage

Increments

Ankle range of motion

Sitting with leg extended. Rotate foot in
clockwise direction then anti-clockwise.
Sitting, hip and ankle at 90º. Invert foot
against resistive exercise band anchored by
chair leg.
Sitting, hip and ankle at 90º. Evert foot against
resistive exercise band anchored by chair leg.
Sitting, hip and ankle at 90º. Dorsiflex both
feet to end range of motion and hold.
Elastic band around both halluces. Move feet
apart.
Heel on plate of Archxerciser®. Toes over
spring loaded toebar. Retract bar.

1x10 repetitions for each foot
in each direction.
3x10 repetitions for each foot.

None.

3x10 repetitions for each foot.

Increase resistance strength
of resistive exercise band.
Increase repetitions up to
maximum of 10.
None.

3x10 repetitions for each foot.

Increase distance bar is
retracted.

Toe plantarflexion strength

Pick up 25mm stones and place in box.

None.

Ankle plantarflexion strength

From standing, rise up on to toes of both feet
and back down.
Standing stretch leaning against wall. Stretch
leg is extended with knee locked. Support leg
forward with knee flexed.

Pick up 2x20 stones for each
foot.
3x10 repetitions.

Ankle inversion strength

Ankle eversion strength
Ankle dorsiflexion strength
Adductor hallucis stretch
Toe plantarflexion strength

Calf stretch

Hold feet in dorsiflexion for
3x10 seconds.
2x20 seconds.

Hold stretch for 3x20 seconds
on each leg.

Increase resistance strength
of resistive exercise band.

Increase repetitions up to
maximum of 50.
Increase forward lean to
increase stretch as required.
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3.5.3.2 Ankle inversion and eversion strength
In this exercise, resistance training through the use of elastic tubing (ausband®,
Ausmedic, Hornsby, NSW, Australia) was used to strengthen the muscles responsible
for inversion (Figure 3.4) and eversion around the ankle/subtalar joint complex. A 1.5m
piece of elastic tubing with the ends tied together was secured around a heavy object
such as a table leg. The participant sat in a chair with their foot level with the free end of
the elastic tubing. They looped the tubing around their forefoot and stretched the band
by pulling their foot away from the table to a comfortable resistance. Keeping the heel
on the floor, they lifted the forefoot and inverted their foot to the end range of motion.

Figure 3.4 Using elastic tubing to strengthen the muscles responsible for ankle
inversion

They performed 3 sets of 10 repetitions with a 30 second rest between each repetition
before placing the band around the other foot and performing 3 sets of 10 repetitions of
ankle eversion. They then turned the chair around and repeated the process resulting in
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the completion of 3 sets of 10 repetitions of inversion and eversion on each foot. The
elastic tubing is manufactured in increasing thickness that corresponds to increased
resistance. Participants were assessed at baseline for strength and provided with an
appropriate piece of elastic tubing as well as a piece of the next increment in thickness
of tubing. They were instructed to increase the resistance at a self-paced rate based on
their ability to perform the exercise with no pain during the movement and no soreness
in the lower limb the next day, firstly by moving their foot further away from the table
to tighten the resistance of the band, and then by using the band of increased thickness.

3.5.3.3 Ankle dorsiflexion strength
To increase the strength of the muscles responsible for ankle dorsiflexion, the
participant sat in a chair with their feet flat on the floor and their knee flexed so that
their ankles were slightly anterior to their knees (i.e. the knee flexed to approximately
120º). Keeping their heels on the floor, they raised their forefoot as “hard and as high”
as they could for 10 seconds before lowering the foot to the floor. They performed 3
sets of 10 seconds. They were instructed to increase the number of sets, up to a
maximum of 10 sets, based on their self-paced ability to perform the movement with no
pain either during the contraction and no soreness in the shins the next day.

3.5.3.4 Toe plantarflexion strength
Two exercises were used to strengthen toe plantarflexor muscles. The first exercise used
an Archxerciser® (Elginex Corporation, Lombard, Illinois, USA) (Figure 3.5) which
consists of a spring loaded toe bar set in a slip resistant foot plate. The participant sat in
a chair with their knee flexed at 90º and foot resting on the Archxerciser®, and without
moving their heel retracted the toe bar as far as possible 10 times [296]. They performed
3 sets of 10 repetitions. The average force required to compress the spring maximally
was estimated to be 20.8 Newtons ranging from 5.0 to 33.3 Newtons based on
unpublished data in a convenience sample of 30 participants over the age of 65 years.

Another exercise for toe plantarflexion strength was used where the participant sat in a
chair and used their toes to pick up asymmetrical marbles, with a maximum diameter of
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22 millimetres, placed on the floor and drop them into a box (Figure 3.6). The
participants performed 2 sets of 20 marbles on each foot.

Figure 3.5 The Archxerciser® (Elginex Corporation, Lombard, Illinois, USA) to
strengthen toe plantarflexor muscles
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Figure 3.6 Picking up marbles to strengthen toe plantarflexor muscles

3.5.3.5 Adductor hallucis stretch
To stretch the adductor hallucis muscle, the participants sat in a chair and looped a thick
rubber band around the interphalangeal joint of the hallux bilaterally. They then slid
their feet apart until the rubber band was under a tight but comfortable tension and held
the position for 20 seconds (Figure 3.7). Two sets of 20 seconds were performed.
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Figure 3.7 Stretching the adductor hallucis muscle using a rubber band

3.5.3.6 Ankle plantarflexion strength
Two-footed calf raises were used to strengthen the muscles responsible for ankle
plantarflexion (Figure 3.8). The participant stood less than an arm’s length from a wall,
facing the wall, with their feet flat on the ground. With their fingers touching the wall
for balance, they rose onto the balls of their feet as high as possible and then
immediately lowered themselves to the start position. Three sets of 10 repetitions were
performed. They were instructed to increase the number of repetitions by two, up to a
maximum of 50 repetitions, based on their self-paced ability to perform the movement
with no pain during the contraction and no soreness in the calf muscles the next day.
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Figure 3.8 Calf raises for ankle plantarflexion strength

3.5.3.7 Calf stretch
To stretch the right calf muscle unit, the participant stood less than an arm’s length from
a wall, facing the wall with their feet flat on the ground. While using the wall for
stability, they placed the right foot backwards about a step length ensuring the back heel
was flat on the floor. They then leaned forwards by bending the forward limb until a
stretch was felt, keeping the back heel flat on the ground and the back knee extended
(Figure 3.9). The stretch was held for 20 seconds and repeated 3 times for each limb.
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Figure 3.9 Stretching for the calf muscle.

3.5.4 Falls prevention education
The booklet “Don’t fall for it. Falls can be prevented!” b produced by the
Commonwealth Department of Health and Ageing was provided to each participant.
This booklet provides a general overview of risk factors for falls and outlines strategies
to prevent falls, including regular eye checks, medication assessment, household hazard
assessment and general exercise guidelines. Prior to giving the participant the booklet,
the investigator used diagrams and headings in the booklet to explain to the participant
about the risk of falling and discuss what the participant could do, or already had
implemented, to minimise their risk of falling.

b

Website for “Don’t fall for it. Falls can be prevented!” booklet
http://www.health.gov.au/internet/main/publishing.nsf/Content/phd-pub-injury-dontfall-cnt.htm
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3.5.5 Promotion of adherence to intervention
The researchers contacted the participants at 1, 4, 12 and 20 weeks by telephone to
promote adherence to the program. They were asked through informal questioning
whether there were any exercises they were unable to complete and advised on an
appropriate course of action on how to complete the exercise. Where participants
reported they were unable to complete the exercise programme the prescribed number
of times, the benefits of foot and ankle strength in relation to balance and falls
prevention were reiterated. Where applicable, they were also asked about their usage of
the orthoses issued in the trial and the footwear they were asked to purchase. The need
to wear the orthoses and the new footwear they had purchased as frequently as possible
was emphasised. Where it was reported the orthoses were uncomfortable, they were
asked to attend the La Trobe University Health Sciences Clinic where podiatry
consultation was provided at no cost to the participant to adjust the orthoses. Where the
participants were reluctant to purchase new footwear, the benefits of appropriate
footwear in preventing falls was further emphasised.

3.6 Study protocol
Participants were initially screened by phone for eligibility, then assessed at baseline
and at six months after baseline by an assessor blind to group allocation. Two assessors
were available for the assessments, and were allocated to participants based upon their
availability. Each participant was tested by the same assessor at both the baseline and
the six months follow-up appointments. Assessor A was a physiotherapist with 22 years
of clinical experience and assessor B was a physiotherapist with 10 years of clinical
experience. After completing the baseline assessment, group allocation (randomisation)
occurred, and the intervention was administered to those in the intervention group by
the investigator, a podiatrist with two years of clinical experience. This all occurred
within a single session at the La Trobe University Health Sciences Clinic. All
participants were then provided with a falls calendar (Appendix 13) to record any falls
that occurred in the twelve months following the baseline assessment.
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This section will describe the protocol in more detail followed by a brief description of
each test and questionnaire used in the assessments.

3.6.1 Eligibility screening
Respondents to the recruitment mail-outs or adverts were contacted by the researchers
via telephone. A standardised screening questionnaire (Appendix 8) was used to ensure
they met the inclusion/exclusion criteria other than for the risk of falling. Individuals
who met the criteria were invited to attend an initial appointment at the La Trobe
University Health Sciences Clinic and to present with any spectacles they used as well
as the indoor and outdoor footwear they most commonly wore. An appointment letter
was sent to the respondent along with a participant information sheet (Appendix 14)
outlining what was involved. In addition, a baseline questionnaire (Appendix 15) was
sent which collected generic social, health and podiatry related data including country
of birth, education, source of income, falls history, eye problems, health conditions,
medications, walking aids, use of community services, foot problems and use of
podiatry services.

3.6.2 Baseline appointment
All participants were informed of the procedures as per the participant information sheet
and the assessor verified that they had read the information sheet. After answering any
questions in relation to the study, the participants signed a consent form (Appendix 16)
and the baseline questionnaire the participants had been sent was checked for
completeness. Each participant then undertook a physical screening to assess for falls
risk and foot pain (Appendix 7). Any participant who did not meet the inclusion criteria
of an elevated falls risk or a self-reported disabling foot pain (as described in Section
3.3.2) were excluded from the trial and sent home. Each participant then underwent a
standardised assessment (Appendix 17). At the completion of the assessment, the
participant was taken to a separate room where the result of the randomisation was
explained, and the control or intervention activities were explained and demonstrated by
the intervention provider (investigator).
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3.6.3 Follow-up assessment
Participants returned for a follow-up appointment six months after the baseline
appointment, and repeated all the assessments they had completed at baseline. They also
completed a questionnaire in regard to their self-perceived changes in their strength and
balance over the six months, and the participants in the intervention group also
answered questions in regard to their adherence to the intervention treatments
(Appendix 18). All secondary outcome measures were completed at the end of this
appointment.

3.7 Assessments
The following section describes the assessments used to collect the secondary outcome
measures.

In all the tests, unless otherwise stated, if the participant was unable to complete the
test, they were given the same score as the participant with the worst score but who had
completed that test.

Where a limb or foot measurement was required, testing was conducted on the selfreported dominant side identified by the response to the question “Which foot would
you use to kick a ball with?”. Consideration was given to assessing both sides and
collapsing the paired data into a single measure by taking the average of the two
observations, but there is a chance that adopting this approach would result in either
discarding meaningful data or missing something important by obscuring potentially
valuable information [312]. Consequently, it was decided to test only the dominant side
based on the principle of randomisation which aims to eliminate participant selection
bias, thus ensuring that each group is, on average, as alike as possible to the other group
[313].

81

3.7.1 Physiological falls risk
Higher rates of falls in people over 65 years of age have been reported in those with
chronic illnesses than in active older people [3, 30] but attributing a degree of falls risk
to a specific medical diagnosis is problematic because the severity of the condition may
vary considerably among individuals. Further, declines in sensorimotor abilities that
have been associated with age [65] may occur in older people with no history of
medical illness. Consequently, fall risk was evaluated in this trial on a physiological
basis rather by diagnosis of medical conditions. A falls risk score was determined using
the short form Physiological Profile Assessment (PPA), a battery of tests of vision,
peripheral sensation, strength, reaction time and balance as described by Lord et al [7]
with a higher score indicating a greater risk of falling. Details regarding each of these
tests and how the risk score is calculated are provided on the following pages.

A series of large-scale population studies have been performed to evaluate the ability of
the PPA tests to discriminate between elderly fallers and non-fallers. In a one-year
prospective study of 95 residents of an aged care hostel aged 59 to 97 years, the PPA
tests were able to correctly classify participants into multiple faller or non-multiple
fallers groups with an accuracy of 79%. In community-dwelling people, two one-year
prospective studies of 414 women aged 65 to 99 years [70] and 156 people aged 63 to
99 years [68], found the PPA tests were able to correctly classify participants into
multiple faller or non-multiple fallers groups with an accuracy of 75% and 76%,
respectively. Similarly, a study of 176 community-dwelling people aged 62 to 96 years
found fallers exhibited significantly higher PPA scores compared to non-fallers [14].

The PPA score has also been shown to be responsive to change in randomised
controlled trials. A study of 98 community-dwelling people aged 75 to 85 years found a
significant reduction in PPA scores in a study on the effectiveness of group resistance
and agility training in reducing falls risk [314]. Another study of 620 communitydwelling people aged 75 to 92 years found a significant reduction in PPA scores
between a group receiving a tailored intervention comprising exercise plus strategies for
maximizing vision and sensation and a control group receiving no intervention [315].

The following section describes each of the component tests of the PPA.
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3.7.1.1 Contrast sensitivity
Contrast sensitivity is the ability to detect visual stimuli under low contrast
conditions and has been shown to be strongly associated with postural control in
a study of 156 older people (mean age 75.6 years) [316] and a predictor of falls
in a one-year prospective study of 414 community-dwelling women aged 65 to
99 years [70]. Contrast sensitivity was measured using the Melbourne Edge Test
[317] (Figure 3.10).

Figure 3.10 Melbourne Edge Test of contrast sensitivity

This test involves presentation of a chart containing 20 circular patches 25mm in
diameter with reducing contrast, with variable orientation as the identifying feature. A
number under each circular patch ranging from 1 to 24 indicates the contrast sensitivity
of that edge in decibels, where:

dB = 10log10 contrast

The test uses a four alternative forced choice method of presentation. The edges are
presented in the orientations of horizontal, vertical, 45° left and 45° right. A key card
containing the four possible edge angles is provided for participant instruction.
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Participants were given the key card and told that each circular patch on the test chart
corresponds to one of the four symbols (identifying the edge angles) on the key card.
Participants initially identified the test patches with high contrast to gain an
understanding of the test procedure, and then attempted to identify each test patch in
descending order of contrast. The lowest contrast patch accurately identified was
recorded as the participant’s contrast sensitivity score, with higher scores corresponding
to better ability. Participants performed the test binocularly (with both eyes together)
wearing their near-distance correction lenses (reading glasses, bi/multifocal) if
applicable. The test-retest reliability for this test has been shown to be excellent (ICC =
0.81) in a sample of 31 older people with a mean age of 80.8 years [7].

3.7.1.2 Lower limb proprioception
Proprioception has been defined as the discrimination of the positions and movements
of body parts based on information other than visual, auditory or verbal [318].
Significant age-related declines in position sense have been reported in the knee [64, 66]
and metatarsophalangeal joint [67], with a study of 15 older adults with a mean age of
72 years finding knee proprioception to be significantly associated with poorer
performance in functional tests including the get up and go test, a timed walk and a stair
ascent and descent test [66]. Proprioception has also been identified as a significant
factor in discriminating between multiple fallers and people who experience no falls or
only one fall in a study of 414 community-dwelling women (mean age 73.7 years) [70]
and another study of 95 community-dwelling men and women (mean age 82.7 years)
[69].

Proprioception was measured using a device based on a design by De Dominico and
McCloskey [319]. The device consisted of a clear acrylic sheet (60cm x 60cm x 1cm)
mounted vertically on the floor. A large protractor with 2° markings (from 0 to 90°) was
inscribed on the acrylic. The participant was seated on a tall (68cm high) chair with the
sheet positioned between their feet in the sagittal plane. The participant was then asked
to simultaneously raise both lower limbs to the same degree and place the big toe of the
right foot on the right side of the sheet and the big toe of the left foot on the
corresponding position on the left side of the sheet with their eyes closed (Figure 3.11).
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The degree of error in matching the limbs (in degrees) was determined by reading from
the protractor inscribed on the clear acrylic sheet with higher values indicating reduced
positional discrimination. The participant had two practice trials and five experimental
trials, and the average error documented as the result. In a sample of 31 older people
with a mean age of 80.8 years, the test-retest reliability for this test has been shown to
be fair (ICC = 0.50) [7].

Figure 3.11 Proprioception test

3.7.1.3 Knee extension strength
Knee extension strength in older people has been shown to be important when
performing daily tasks such as rising from a chair [132] and walking [79]. It has also
been reported in a cross-sectional investigation of 1,762 community-dwelling people
aged 60 to 100 years that people with a history of falls exhibit reduced knee extension
strength when compared to those without a history of falls [32]. Several reviews using
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meta-analysis of pooled data have reported a moderate to large beneficial effect of
resistance training on knee extensor strength in older people [276-278, 280].

To record knee extension strength, the participant was seated on a tall (68cm high) chair
with their hip and knee at 90 degrees and a Velcro strap attached to a strain gauge was
placed around the leg 10cm above the ankle joint (Figure 3.12).

Figure 3.12 Knee extension strength test

The participant was then instructed to hold on to the chair for support and extend their
leg as far as possible for 2 to 3 seconds. Three trials were recorded with the highest
score (measured in kilograms) taken as the test result, with higher values corresponding
to greater strength. Verbal encouragement was given during each contraction. Testing
was conducted on the self-reported dominant side identified by the response to the
question “Which foot would you use to kick a ball with?”. The reliability of this test has
been shown to be excellent (ICC = 0.97) in a sample of 31 older people with a mean age
of 80.8 years [7].
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3.7.1.4 Reaction time
Reaction time has been shown to be an independent risk factor for falls in both
community-dwelling people [70] and residents of retirement villages [320]. It has also
been shown to be significantly associated with older people performing daily tasks such
as rising from a chair [132] and walking [79].

Simple reaction time at the hand was measured using an apparatus consisting of an
electronic digital timer and a light stimulus located on a computer mouse button (Figure
3.13). The timer has a built in variable delay of 1 to 5 seconds to remove any cues that
the participant might get from the assessor pressing the start button. The participant was
instructed to press the mouse button as soon as they saw the light, and the delay
between the stimulus and response was recorded in milliseconds. Participants were
given five practice trials and ten experimental trials. The average of the ten trials was
used to calculate the reaction time with higher values corresponding to slower reaction
time. Testing was conducted on the self-reported dominant side identified by the
response to the question “Which hand do you write with?”.

Figure 3.13 Hand reaction time test

Reaction time at the foot was assessed in a similar manner using a foot pedal with the
light stimulus located on the foot pedal (Figure 3.14) Participants were given five
practice trials and ten experimental trials. The average of the ten trials was used to
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calculate the reaction time with higher values corresponding to slower reaction time.
Testing was conducted on the self-reported dominant side identified by the response to
the question “Which foot would you use to kick a ball with?”. Participants wore
corrective glasses, if required. The test-retest reliability of this test has been shown to be
good for the hand (ICC = 0.69) and excellent for the foot (ICC = 0.78) in a sample of 31
older people with a mean age of 80.8 years [7].

Figure 3.14 Foot reaction time test

3.7.1.5 Balance – postural sway
Postural sway was measured using a “sway meter” that measured displacements of the
body at the level of the waist [62] (Figure 3.15). The device consisted of a rod attached
to the participant by a firm belt. The rod was 40cm long with a pen fixed to the end and
extended behind the participant. The participant stood in the centre of a medium density
foam rubber mat (1m x 1m x 15cm), in order to provide a further challenge to the
body’s postural control system by decreasing the accuracy of proprioceptive
information from the sole of the foot and the ankle. A sheet of paper was fastened to the
top of an adjustable height table that was positioned behind the participant. The height
of the table was adjusted so that the rod was in a horizontal plane and the tip of a pen
(mounted vertically and attached to the end of the rod) could record the movements of
the participant on the paper. The participant was instructed to stand as motionless as
possible for a period of 30 seconds while visually fixating on a point slightly below eye
level. There were no practice trials. The maximum displacement in millimetres of the
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pen on the paper in the antero-posterior and medio-lateral direction was recorded. Based
on normative data from previous trials [7], the total sway movement during the test (i.e.
the total excursion of the pen during the 30 seconds as opposed to the maximum
excursion) was calculated using the following formula:

Total sway = 0.10746 x (antero-posterior sway x medio-lateral sway) + 44.4

A smaller score indicates a better performance. The reliability of this test has been
reported previously as fair (ICC = 0.57) in a sample of 34 older people with a mean age
of 62.4 years [7, 321].

sway-meter

adjustable height table

foam rubber mat

Figure 3.15 Postural sway on foam
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3.7.1.6 Physiological falls risk score
The falls risk score was calculated based on the combination of the physiological tests
previously described. This method has been shown to predict falls in both
institutionalised and community samples of older people with an accuracy of 75 to 80%
[2, 69]. To determine each participant’s physiological falls risk, scores for each of the
tests were entered into a computer program which compared the participant’s
performance against a normative database compiled from a community sample of 550
participants [65]. The program then produced a standardised falls risk z-score, with
scores below zero indicating a reduced risk of falling compared to age-matched
controls, and scores above zero an increased risk of falling. Scores between –2 and –1
represent very low falls risk, scores between –1 and 0 represent low falls risk, scores
between 0 and 1 represent mild falls risk, scores between 1 and 2 represent moderate
falls risk, and scores above 2 represent a marked risk of falling (Figure 3.16).
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Figure 3.16 Output of falls risk score program [7]
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3.7.2 Foot and ankle strength
Age related declines in strength are well reported [322, 323]. Several studies using
sample groups from the older population have reported that ankle dorsiflexion, ankle
plantarflexion and toe plantarflexion strength are strongly correlated with walking speed
[128, 324], stair ascent [77, 325], sit to stand [132], clinical tests of balance including
maximum balance range and coordinated stability [122] and the functional movements
of stooping, crouching and kneeling [133]. More recently a study of 176 communitydwelling people (mean age 80.1 years) identified ankle strength and toe strength as a
predictor of falls [14] while toe strength was also reported as a predictor of falls in a
study of 312 community-dwelling people (mean age 71.3 years) [15]. A number of
randomised trials have reported improvements in ankle strength following an exercise
program. Sohng et al reported significant improvements in ankle dorsiflexion and
plantarflexion following falls prevention exercise classes of four times a week for eight
weeks in a trial of 45 community-dwelling people with a mean age of 75.7 years [298].
Lord et al reported significant improvement in ankle dorsiflexion in a trial of 197
community-dwelling women (mean age 71.6 years) following 12 months of bi-weekly
exercise classes [287] while Hartman and colleagues reported significant improvement
in ankle plantarflexion in a trial of 56 independent living people with a mean age 75.9
years following a bi-weekly exercise programme for 12 weeks [293].

For the study being reported in this thesis, all strength testing was conducted on the selfreported dominant side identified by the response to the question “Which foot would
you use to kick a ball with?”.

3.7.2.1 Hand-held dynamometry
Maximal isometric muscle strength of foot and ankle muscles was assessed in Newtons
by calculating the average of three trials using a hand held dynamometer (Citec, CIT
Technics, Haren, The Netherlands). The foot and ankle muscles responsible for
dorsiflexion, plantarflexion, inversion, eversion and plantarflexion of the hallux and
lesser digits were assessed using the ‘make’ technique where the examiner holds the
dynamometer stationary while the participant exerts a maximal force against it [326].
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All tests were performed with the participants in a supine position with hips and knees
extended and the lower limb stabilised (Figure 3.17).

Figure 3.17 The Citec hand-held dynamometer used to measure eversion strength

Table 3.2 lists the details of the test positions, stabilisation specifics and dynamometer
placement for each muscle group tested. In people with smaller feet or toe deformities,
there was insufficient space for the device for the lesser digits flexion test, resulting in
the lesser digits being forced into dorsiflexion. Consequently, to standardise the testing
position, it was decided to test at the maximal end range of dorsiflexion by using the
dynamometer to dorsiflex the digits into the participant’s comfortable end range of
motion. This technique was also used for assessing hallux plantarflexion strength. For
testing both the hallux and lesser toe strength, the ankle was passively placed in
maximum plantarflexion to prevent co-contraction of the ankle plantarflexor muscles
influencing the result.

92

Table 3.2 Testing positions for muscle groups assessed using hand-held dynamometer

Muscle group

Limb/joint positions

Stabilisation

Dynamometer placement

Ankle dorsiflexion

Hip, knee at 0º, ankle at resting
neutral

Lower limb stabilised proximal
to the ankle joint

Dorsal surface of the foot just proximal to
the metatarsal heads

Ankle plantarflexion

Hip, knee at 0º, ankle at resting
neutral

Lower limb stabilised proximal
to the ankle joint

Plantar surface of the foot just proximal
to the first metatarsal heads

Ankle inversion

Hip, knee at 0º, ankle at resting
neutral

Lower limb stabilised proximal
to the ankle joint

Medial border of the foot at the midpoint
of the shaft of the first metatarsal

Ankle eversion

Hip, knee at 0º, ankle at resting
neutral

Lower limb stabilised proximal
to the ankle joint

Lateral border of the foot at the midpoint
of the fifth metatarsal

Hallux plantarflexion

Hip, knee at 0º, ankle at maximum
passive plantarflexion. Hallux at
maximal end range of dorsiflexion

Lower limb stabilised and ankle
held in plantarflexion, distal to
the ankle joint

Plantar surface of the interphalangeal
joint of the hallux

Lesser digits
plantarflexion

Hip, knee at 0º, ankle at maximum
passive plantarflexion, lesser digits at
maximal end range of dorsiflexion.

Lower limb stabilised and ankle
held in plantarflexion, distal to
the ankle joint

Plantar surface of the lesser digits
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To familiarise the participant, the assessor passively demonstrated the movement
required and then asked the participant to actively perform the movement. Three
consecutive contractions of 3 to 5 seconds for each muscle group were recorded. The
average of the three contractions was used for analysis as mean values have been shown
to be more reliable than maximal values [327]. Verbal encouragement was given during
each contraction. As part of this thesis, a reliability trial was conducted on the use of
hand-held dynamometry to measure foot and ankle strength (see Chapter 4). This trial
reported excellent test-retest reliability for both intrarater (ICC = 0.78 to 0.94) and
interrater (ICC = 0.77 to 0.88) comparisons [328]. Validity of hand-held dynamometry
has been demonstrated in a study on 20 men and women (aged 61 to 81 years) which
reported good agreement (κ=0.69) when comparing muscle strength using hand-held
dynamometer and an isokinetic dynamometer [329].

3.7.3 Foot and ankle range of motion
Testing was conducted on the self-reported dominant side identified by the response to
the question “Which foot would you use to kick a ball with?”.

3.7.3.1 Ankle joint dorsiflexion range of motion
Impaired ankle dorsiflexion range of motion has relevance to standing balance and
walking, as the available range of the body’s centre of mass on the base of support is
decreased [330]. It has been shown that ankle dorsiflexion range of motion decreases
with each decade of age from the fifth decade onwards [331]. In a study of 34
community-dwelling people with a mean age of 78.8 years, Mecagni et al reported
significant associations between limited ankle range of motion and reduced scores in
balance and functional tests [134]. Menz et al made a similar observation in a study of
176 retirement village residents (mean age 80.1 years), reporting that reduced ankle
dorsiflexion was a significant and independent predictor of balance and functional test
performance [122] as well as being significantly and independently associated with falls
[14]. A significant improvement in ankle dorsiflexion range of motion in communitydwelling women has been reported following an eight week stretching programme in 19
women aged 65 to 89 years [300].
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Ankle joint dorsiflexion range of motion was recorded using a modified version of the
lunge test [332], which has been shown to have high reliability (ICC = 0.87) in a sample
of 31 community-dwelling older people (mean age 80.8 years) [333]. The second toe
and the centre of the heel of the participant’s dominant foot were placed directly over a
tape-line on the floor orientated perpendicular to the wall. Participants were asked to
take a comfortable step forward and squat as low as possible, keeping their trunk
upright, without lifting the heel of their back foot from the ground. The degree of
flexibility was recorded in degrees using a digital inclinometer placed on the mid-point
of the anterior tibial border (Figure 3.18). The test was conducted with the rear knee
extended and then with the knee flexed to isolate whether tightness of the gastrocnemius
muscle was a contributing factor to limited ankle joint dorsiflexion [334]. A higher
score indicated a greater range of motion.

angle finder

Figure 3.18 Assessment of ankle joint dorsiflexion range of motion
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3.7.3.2 Ankle joint inversion and eversion range of motion
While the relevance of ankle dorsiflexion range of motion to balance and falls has been
demonstrated [14, 122, 134], little research has been conducted for frontal plane range
of motion. This may in part be due to the low levels of reliability reported with
assessing the complex triplanar movements that occur at the ankle, subtalar and
midtarsal joints. However, a recent study by Menadue et al [335] reported high intraobserver reliability (ICC 0.82 to 0.96) for a novel approach to the assessment of
inversion/eversion range of motion based on a sample of 31 people with a mean age of
35.4 years.

To assess ankle/subtalar joint inversion and eversion, participants were seated with the
lower leg unsupported. The assessor drew three landmarks on the participant’s foot:

(i) midpoint between the malleoli on the anterior aspect of the ankle;
(ii) the midline on the anterior aspect of the lower leg using the crest of the tibia
as a reference point;
(iii) the longitudinal midline on the anterior surface of the second metatarsal.

The assessor demonstrated the motion required by passively moving the foot through
maximum inversion and eversion range of motion twice prior to measuring. A flexible
universal goniometer was aligned along the landmarks and the participant actively
moved their ankle from a self-selected neutral position to the end of range of inversion
and eversion (Figure 3.19). The total range of motion from end range of inversion to
end range of eversion was recorded in degrees with a higher score indicating a greater
range of motion.
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Figure 3.19 Assessment of joint range of motion for ankle joint inversion/eversion

3.7.3.3 First metatarsophalangeal joint range of motion
The first metatarsophalangeal joint (MTPJ) has importance as a pivot during propulsion
in normal gait [310] and undergoes a significant reduction in the available range of
motion in older age [248]. A study of 176 retirement village residents (mean age 80.1
years) found restricted first MTPJ range of motion to be associated with impaired
balance as well as increased loading of the joint during gait [122].

First metatarsophalangeal joint dorsiflexion range of motion was measured using a
goniometer as the maximum angle at which the hallux could not be passively moved
into further extension in a non-weightbearing position (Figure 3.20). The participant lay
supine on a treatment table with their knee extended and their foot positioned over the
end of the table. The assessor drew three landmarks on the participant’s foot:

(i)

medial aspect of the 1st metatarsophalangeal joint (MTPJ) – i.e. the joint
centre of the 1st MTPJ;

97

(ii)

longitudinal midline (bisection) of the shaft of the first metatarsal on the
medial aspect;

(iii)

longitudinal midline (bisection) of the proximal phalanx of the hallux on
the medial aspect.

The two bisection lines intersected at the mark on the joint centre of the first MTPJ. The
foot was placed in subtalar neutral with the midtarsal joint stabilised by applying
dorsiflexion force to the 4th and 5th metatarsals. While maintaining the force, the
assessor aligned the goniometer along the bisection lines and then maximally extended
the hallux. The value recorded, in degrees, was the maximum angle at which the hallux
could not be passively moved into further extension with a higher score indicating a
greater range of motion. The reliability of this test (ICC = 0.95) has been reported
previously [336].

Figure 3.20 Assessment of joint range of motion for first metatarsophalangeal joint

3.7.4 Balance tests
Balance is the ability to maintain the centre of mass within the base of support, the
region bounded by the parts of the body in contact with the ground. As the base of
support changes, balance is maintained through continual muscle activity based on an
integrated reflex response to concurrent processing of inputs from multiple sensory
systems including vision, vestibular function and somatosensation [59]. Postural sway
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describes the small movements that occur during this process. These movements are
constrained by the person’s limits of stability, the points at which balance is lost [60].
All of the musculoskeletal and sensory systems involved in maintaining this postural
stability have been reported to deteriorate with age [59, 65-68]. There is also a
corresponding high correlation between increased sway and poor performance in tests
relating to these musculoskeletal and sensory systems including lower extremity muscle
strength [62, 337], reduced peripheral sensation [63], poor visual acuity and slowed
reaction time [62]. In view of this relationship, postural sway has been reported to be a
predictor of falls in a number of trials with older people [69, 75, 79, 338, 339].

All balance tests were measured using a “sway meter”, a device consisting of a 40cm
long rod with a pen mounted vertically on the end of the rod, attached to the
participant’s waist by a firm belt. A sheet of paper was fastened to the top of an
adjustable height table, which was adjusted so that the rod was in a horizontal plane and
the tip of a pen could record the sway movements of the participant on the paper. All
balance tests were completed with the participant barefoot and in the shoes that they
reported they wore most often outdoors. There were no practice trials. In all the balance
tests except the lateral stability test, if the participant lost their balance during the trial,
that trial was ignored and they were allowed one more trial.

3.7.4.1 Postural sway
The test is the same as the balance test used in the physiological falls risk described in
section 3.7.1.5 (Figure 3.21). The participant completed this test standing on a firm base
(the floor) and then repeated the test on an unstable base by standing in the centre of a
medium density foam rubber mat (1m x 1m x 15cm). The maximum displacement in
millimetres of the pen on the paper in the antero-posterior and medio-lateral direction
was recorded. Based on normative data from previous trials [7], the total sway
movement during the test (i.e. the total excursion of the pen during the 30 seconds as
opposed to the maximum excursion) was calculated using the following formulae:

Sway on the floor = 0.084 x (antero-posterior sway x medio-lateral sway) + 51.9
Sway on the foam = 0.10746 x (antero-posterior sway x medio-lateral sway) + 44.4
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A smaller score indicates better performance. If the participant lost their balance during
a trial, it meant they had not completed that trial and were given the same score as the
participant with the worse score but who had completed that test.

sway-meter

adjustable height table

foam rubber mat

Figure 3.21 Postural sway on the floor (left) and foam (right)

The reliability of this test has been reported as having an ICC of 0.68 when standing on
the floor and an ICC of 0.57 when standing on the foam mat in a sample of 34 older
people with a mean age of 62.4 years [321]. Significant improvements have been
reported in both sway on the floor and on foam following a 12 month exercise
programme in a sample of 197 community-dwelling women with a mean age of 71.6
years [287] and both tests have been shown to discriminate between non-fallers and
multiple fallers in a study of 341 community-dwelling women aged 65 to 99 years [70].

3.7.4.2 Maximum balance range
Postural control was also assessed by measuring the participant’s limits of stability
using the maximum balance range test (Figure 3.22). For this test, the sway meter was
attached around the waist with the rod extending anteriorly. The participant was asked
to lean forward then backwards from the ankles as far as possible without moving their
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feet, i.e. to the point where they just retain their balance. Maximal anterior-posterior
displacement in millimetres was measured over three trials with a larger displacement
indicating a better performance. If the participant lost their balance during a trial, it
meant they had not completed that trial and their score was derived from completed
trials only. If they were unable to complete any of the three trials, they were given the
same score as the participant with the worse score but who had completed that test.
Maximum balance range was normalised for height using the following formula, with
the average height of the sample included to make the normalised score meaningful in
terms of scale compared to the “real” scores for the test:

normalised max balance range =

actual max balance range (mm) X average height of sample (cm)
participant' s height (cm)

This test has been shown to have good reliability (ICC = 0.74) in a study of 39
community dwelling women with a mean age of 71.2 years [340]. Significant
improvements in the scores for this test have been reported following a 12 month
exercise programme in a sample of 112 community-dwelling women with a mean age
of 71.2 years [340] and another study of 442 community-dwelling people (mean age
75.9 years) following a 15 week exercise programme [341].
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Figure 3.22 Maximum balance range test

3.7.4.3 Coordinated stability
The coordinated stability test was used to measure the participant’s ability to adjust
body position in a steady and coordinated way while placing them at, or near, the limits
of their equilibrium [340]. In this test, the sway-meter was attached to the participant at
waist level with the rod extending anteriorly. The participant was then asked to adjust
the position of their body without moving their feet so that the pen on the end of the rod
followed and remained within a convoluted track marked on a piece of paper attached to
the top of an adjustable height table (Figure 3.23).
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Figure 3.23 Coordinated stability test

To complete the test without errors, participants had to remain within the track, which
was 1.5cm wide, and be capable of adjusting the position of the pen 29cm laterally and
18cm in the antero-posterior plane. A total error score was calculated by summing the
number of occasions that the pen on the sway-meter failed to stay within the track.
Where participants failed to negotiate an outside corner, five points were added to the
score. Participants attempted the test twice, with the better trial taken as the test result. If
the participant lost their balance during a trial, it meant they had not completed that trial
and were given the same score as the participant with the worse score but who had
completed that test. The score was then corrected for differences in height using the
following formula:
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normalised coordinated stability score =

actual coordinated stability score X participant' s height (cm)
average height of sample (cm)

A smaller score indicates a better performance which is why the participant’s height and
the average height of the sample have been inverted compared to the formula for the
maximum balance test where a higher score represents a better performance. Good
reliability has been reported for this test (ICC = 0.83) in a study of 39 community
dwelling women aged 60 to 85 years [340]. This test has been found to be predictive of
falls in a study of 135 community-dwelling people (mean age 79.8 years) [120] and
another study of 684 community-dwelling people (mean age 80.0 years) with selfreported lower limb arthritis [52]. The test has also been shown to be sensitive to
improvement following a 12 month exercise programme in a sample of 112 communitydwelling women with a mean age of 71.2 years [340] and another study of 442
community-dwelling people (mean age 75.9 years) following a 15 week exercise
programme [341].

3.7.4.4 Lateral stability
Lateral stability was also assessed as there is evidence that the effects of ageing on
balance may be reflected in increased medio-lateral sway as well as in the anterioposterior direction [183]. A study of 100 community-dwelling people (mean age 83.0
years) found lateral sway to be a significant predictor of falls [339] while a study of 156
community-dwelling people with a mean age of 76.5 years found lateral sway to be
significantly worse in people with a history of falls in the previous 12 months [183].

Lateral stability was measured using a sway meter that measures displacement of the
body at the waist with the participant standing in a “tandem” position, i.e. with one foot
in front of the other on a firm surface. The sway meter was attached to the participant’s
waist with rod extending behind the participant. Tape markings on the floor indicated
where the participant should place their feet so that the heel of the front foot was 2.5cm
anterior to the great toe of the rear foot, and the feet were separated 2.5cm laterally. The
participant chose which foot to place in the forward position and were instructed to fold
their arms across their chest then stand as still as possible for 30 seconds [183].
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Displacement of the body in the medio-lateral direction was recorded in millimetres
with a smaller score indicating a better performance. If the participant lost their balance
during a trial, it meant they had not completed that trial and were given the same score
as the participant with the worse score but who had completed that test.

3.7.5 Functional ability
Everyday functional tasks such as rising from a chair are a challenge to postural
stability which may result in a loss of balance [4]. A number of tests have been
developed for assessing mobility and predicting falls in older people [304, 342-345]. A
recent study of 362 community-dwelling older people aged 74 to 98 years (mean age
80.4) identified that multiple fallers performed significantly worse than non-multiple
fallers in the sit-to stand test, alternate step test and a six metre walk test [304]. The sitto-stand test and alternate step test showed good sensitivity but only moderate
specificity for predicting multiple fallers, while the six metre walk test showed
moderate sensitivity but good specificity. This study also reported the test-retest
reliability to be excellent to good for the sit-to stand test (ICC = 0.89), alternate step test
(ICC = 0.78) and a six metre walk test (ICC = 0.74) based on 30 participants of the
study who repeated the test two weeks after the initial assessment [304]. Functional
ability has been shown to be responsive to improvement following intervention in
randomised trials. A trial of 233 community-dwelling women aged with a mean age of
84.1 years reported significantly improved performance for the sit-to-stand test and
reduced falls rate following a 12 month home-based exercise programme [283]. Another
trial of 256 community-dwelling people (mean age 77.5 years) reported significant
improvement in a timed walking test and a sit-to stand test following six months Tai Chi
training [346].

All functional ability tests were completed with the participant barefoot. There were no
practice trials.
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3.7.5.1 Sit to stand
The sit-to-stand test is a commonly used functional performance measure in clinical
research and practice. While it is often used as a measure of lower-limb strength in older
people, it has been shown to be influenced by multiple sensorimotor, balance, and
psychological processes and represents a particular transfer skill, rather than a proxy
measure of lower limb strength [132]. In this test, the participant rose from a standard
height (43cm) chair without arm rests to a standing position, five times, as fast as
possible. The participant was told to keep their arms folded across their chest to prevent
them from using their arms to lever themselves up (Figure 3.24). The time taken was
recorded in seconds from the initial seated position to final standing position after
completing five stands, with a lower score indicating better performance.

X5

43cm

Figure 3.24 Sit to stand test
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3.7.5.2 Alternate stepping
The alternate stepping test is a modified version of the Berg stool-stepping test [343]
which involves weight shifting and provides a measure of lateral stability. The
participant alternatively placed the entire right and left foot on a 19cm high and 40cm
deep step eight times (four steps with each foot) as fast as possible (Figure 3.25). The
participant did not step up on to the box, and each foot was returned to the floor before
the next foot was placed on the step. The time taken was recorded in seconds with a
lower score indicating better performance.

X8

19cm

Figure 3.25 Alternate stepping test

3.7.5.3 Six metre walk
Gait velocity has been consistently reported to differentiate between elderly fallers and
non-fallers [324, 347-349]. Participants completed a six metre walk test along a corridor
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at their self-selected normal walking speed. A two metres approach and a further two
metres beyond the measured six metres distance was provided to ensure a constant
walking speed across the test six metres (Figure 3.26). The test was completed with the
participant barefoot. The number of steps and the time in seconds to cover the central
six metres was recorded. A shorter time corresponds to better performance. Walking
speed was normalised for height using the formula;

normalised walking speed =

actual walking speed (m/s) X average height of sample (cm)
participant' s height (cm)

6m

Figure 3.26 Six metre walk test
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3.7.6 Tactile sensitivity
Tactile sensitivity has been shown to decrease significantly with age [65] and reported
to be inferior in fallers compared to non-fallers in a study of 176 community-dwelling
people (mean age 80.1 years) [14]. As the interventions used in this study are not
directed to influence this characteristic, it was recorded only as a baseline measure.

Tactile sensitivity was measured at the lateral malleolus of the ankle using SemmesWeinstein pressure aesthesiometers [350]. The aesthesiometer set contained 20 nylon
filaments of equal length (38mm) ranging in diameter from 0.06mm to 1.14mm. Each
filament was mounted in a plastic rod. The force required to bend each filament was
pre-calibrated and ranges from 0.0045 grams to 447 grams with a lower force equating
to better tactile sensitivity. For each filament, pressure in grams was converted to
log100.1 mg, yielding a scale of approximately equal resistance between filaments. The
procedure was explained to each participant, and a supra-threshold filament was applied
to the centre of the lateral malleolus of the ankle so that the participant could clearly
identify the nature of the tactile sensation (Figure 3.27). The filaments were then
applied using a two alternative forced choice protocol and an ascending-descending
method of limits to determine the threshold of tactile sensation. Forced choice involves
the assessor saying “A” and then “B” and placing the monofilament on the participants
ankle in a random order exactly as they say “A” or “B” The participant has to respond
with which letter the monofilament was placed on their ankle. Ascending-descending
methods of limits involves initially testing in increasing levels of difficulty until the
participant can no longer accurately report a correct response and then step back
through the test with decreasing levels of difficulty to record which level they can
accurately record an accurate response. Good reliability (ICC = 0.51) has been
demonstrated for this test in a sample of 31 older people with a mean age of 80.8 years
[7].
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Figure 3.27 Tactile sensitivity test

3.7.7 Foot pain and disability
Foot problems affect one in three community-dwelling people over the age of 65 years
[10, 12, 102] and are associated with reduced walking speed and difficulty performing
activities of daily living [11-13]. A recent prospective study of 176 communitydwelling older people, mean age 80.1 years, indicated foot pain was a significant
independent predictor of falls [14].

The Manchester Foot Pain and Disability Index (MFPDI) was used to assess foot pain
[305]. The MFPDI questionnaire (Appendix 7) consists of 19 statements prefaced by the
phrase “Because of pain in my feet”, formalised under three constructs: functional
limitation (10 items), pain intensity (five items), and personal appearance (two items),
with three possible answers: “none of the time” (score=0), “some days” (score=1), and
“most days/every day” (score=2). The last two items are concerned with difficulties in
performing work, which were omitted as the respondents were all of retirement age. The
total score (range: 0 to 34) was used to measure the degree of foot pain at each
assessment, with higher scores corresponding to increased foot pain. The MFPDI has
high construct validity (Cronbach’s alpha = 0.89) as demonstrated in a trial involving
108 participants, mean age 77.2 years [240]. In view of the variable nature of pain, the
test-retest reliability for the MFPDI has been reported as fair for the pain subscale
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(kappa=0.34) and moderate for the function subscale (kappa=0.57) in a sample of 58
people with a mean age of 67.7 years [351].

3.7.8 Fear of falling
Fear of falling is defined as a person’s belief in their own ability to avoid falling [352]
and is reported by one in four older people in the community [353]. Fear of falling is
associated with worse health and balance, reduced mobility and activity level,
psychological distress and poorer quality of life [38-41].
Consistent with the recommendations of the Prevention of Falls Network Europe group
for the reporting of falls trials [354], fear of falling was measured using the 7-item short
Falls Efficacy Scale-International (FES-I) [355]. The short FES-I (Appendix 17) is a
self-administered questionnaire that uses a Likert scale to score the participant’s level of
concern regarding the possibility of falling when performing certain activities of daily
living (e.g. taking a bath/shower or climbing up or down stairs). There are four
responses which are: “not at all concerned” (score=1), “somewhat concerned”
(score=2), “fairly concerned” (score=3) and “very concerned” (score=4). The total score
ranges from 7 (no concern about falling) to 28 (severe concern about falling).

The FES-I has been shown to have excellent internal consistency and test-retest
reliability in a sample of 704 older people with a mean age of 74.7 years (Cronbach’s
alpha 0.96, ICC = 0.96) [356]. For practical and clinical purposes, a shortened version
of the FES-I has been developed, which was used in this study. Excellent internal
consistency and test-retest reliability in older people (Cronbach’s alpha = 0.92, ICC =
0.83) as well as a close correlation to the longer FES-I (Spearman’s rho = 0.97) has
been demonstrated for the short FES-I in 193 community-dwelling older people (mean
age 76.6 years) [355]. Reduction in fear of falling scores has been recorded in a
randomised trial of 131 community-dwelling women aged over 75 with the intervention
of external hip protectors [357].
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3.7.9 Generic health-related quality of life
There is a growing recognition that clinical trials should incorporate the patient's
perspective in evaluating the benefits of an intervention and should provide evidence of
the impact on the patient in terms of health status and health-related quality of life
[358]. Consistent with the recommendations of the Prevention of Falls Network Europe
group for the reporting of falls trials [354], mental and physical health status was
measured with the Mental (MCS-12) and Physical (PCS-12) Component Summary
scores of the Short Form Health Survey (SF-12) (Appendix 17). The SF-12 was
developed and validated as a shorter alternative to the SF-36 [359]. To calculate PCS-12
and MCS-12 scores, the twelve items are scored and normalised via a standardised
algorithm. PCS-12 and MCS-12 scores range from 0 to 100, with higher scores
indicating better functioning. The MCS-12 and PCS-12 were designed to have a mean
score of 50 and a standard deviation (SD) of 10 in a representative sample of the
population in the USA [360]. Test-retest correlations of 0.89 and 0.76 were observed for
the 12-item PCS-12 and the MCS-12 respectively [359], in a sample of the general
American population (n = 2,333). Significant improvements in both PCS-12 and MCS12 scores have been reported following a 12 week intervention of twice weekly Tai Chi
classes as part of a falls prevention programme in a sample of 140 community-dwelling
people with a mean age of 70.6 years [361].

3.7.10 Activity levels
It is widely accepted that physical activity is beneficial to health and well-being in older
adults [362-364] as well as reducing falls. However, while physical activity appears to
reduce the risk of falling [271, 291] engaging in a range of physical activities, especially
at higher levels, is more likely to result in injury as a result of falling [31, 96].
Consequently it is important to document activity levels in clinical trials for both sedentary
and more active people [365].

The Incidental and Planned Activity Questionnaire was used to obtain a baseline
measurement of the physical activity levels of the participants [366]. This is a self-

112

reported questionnaire that covers the frequency and duration of several levels of
planned and incidental physical activity in older people (Appendix 17). An algorithm is
used to calculate a score for the total physical activity per week. This questionnaire has
been shown to have excellent reliability when used for older people (ICC = 0.77) [366]
and acceptable levels of validity (kappa = 0.40) [367]. Activity levels were not used as a
secondary measure and so this data was not collected at the follow-up appointment.

3.7.11 Foot Posture Index
Variations in foot posture are thought to influence the function of the lower limb and
may therefore have considerable functional significance, as several studies have
reported that foot posture measurements influence the motion of the lower limb [368,
369], affect balance ability [370] and play a role in predisposition to overuse injuries
[371, 372]. A study of 619 healthy individuals aged 3 to 96 years reported a slightly
pronated foot posture is the normal position at rest, but a 'U' shaped relationship existed
for age, with minors and older adults exhibiting significantly more pronated foot types
than the general adult population [247]. Unfortunately studies linking foot posture to
balance, functional ability and injury have only been conducted on the younger or
sporting populations. In the older population, the evidence is limited to the relationship
between foot posture, plantar pressure and lower limb osteoarthritis. A study of 172
retirement village residents with a mean age of 80.0 years identified a significant
association between the arch index and maximum force and peak pressure at the
midfoot during gait, indicating that people with a higher arch index (representative of a
flatter foot) demonstrate increased loading under the midfoot [373]. Similar findings
were reported in a study of 50 older community-dwelling people (mean age 80.2 years)
which reported that foot posture variables were related to contact time at the midfoot
and 3rd–5th MTPJs, indicating that the flatter the foot, the greater the relative duration
of loading of the midfoot and the shorter the duration of loading of the lateral forefoot
[248]. Two recent studies have identified the relationship between foot posture and
osteoarthritis. One study reported that flatter feet were significantly associated with
radiographic confirmed osteoarthritis of the talo-navicular joint and navicular-first
cuneiform joint in a study of 35 community-dwelling people (mean age 76.0 years)
[114]. The other study reported that participants with osteoarthritis of the hip had more
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supinated feet while participants with medial compartment osteoarthritis of the knee had
more pronated feet compared to controls in a sample of 60 community-dwelling people
aged 42 to 79 years [374].
This study used the Foot Posture Index (FPI) to record foot posture as a baseline
characteristic. The FPI is a multidimensional visual observation tool, recording the
degree of pronation or supination of the foot and appears to be strongly influenced by
soft tissue morphology [375] but is poorly correlated with radiographic measures [376].
Calculating the FPI involves the rating of six criteria: palpation of the talar head,
observation of supra/infra malleolar curvature, inversion/eversion of the calcaneus,
medial prominence of the talo-navicular joint, congruence of the medial arch, and
abduction/adduction of the forefoot on the rearfoot. Each of these criterion are scored on
a five-point scale (range -2 to +2) and the summed score provides a single index of the
degree of the pronated/supinated posture of the foot, with higher scores representing a
more pronated (flatter) foot [377]. The FPI has been shown to have good reliability
(ICC=0.61) in a study of 31 older community-dwelling people aged 76 to 87 years
[375].

3.7.12 Footwear assessment
The wearing of inappropriate footwear by older people has long been recognised [178]
with shoes of an incorrect size being the most common problem [115, 117]. A number
of recent studies in older people have indicated that inappropriate footwear may also
play a role in increasing the risk of falling [17, 139, 140, 146]. A case-control study of
327 community-dwelling people aged over 65 years reported an increased risk of falling
when wearing shoes with larger heel height, reduced sole contact area or going barefoot
or wearing stockings/socks when indoors [17]. A study of 4,281 people aged over 65
years who had fallen in the previous 24 hours by Larsen et al [139] and a study by Menz
et al [140] on 176 retirement village residents (mean aged 80.1 years) both found that
people reporting a fall were more likely to be barefoot or wearing slippers or stockings.
Another case-control study looked at fall-related fractures in community-dwelling
people aged over 45 years and found that medium to high heeled shoes and shoes with a
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narrow heel significantly increased the risk of a fall-related fracture while wearing slip–
on shoes or sandals increased the chance of a fall-related foot fracture [146].

The participant’s indoor and outdoor footwear were assessed at baseline using a
validated footwear assessment form (Appendix 9) which records several footwear
variables including shoe type, heel height, type of fixation, heel counter stiffness,
longitudinal sole rigidity, sole flexion point, tread pattern and sole hardness. The
component variables have been shown to have good intrarater reliability (intrarater
kappa 0.62 – 1.0) [144]. At the follow-up appointment, only the new footwear for the
participants who were given a footwear voucher as part of the intervention was
assessed.

3.7.13 Severity of hallux valgus
Hallux valgus, often referred to as ‘bunions’, is a common condition in which the first
metatarsophalangeal joint becomes progressively subluxed, leading to lateral deviation
of the hallux, medial displacement of the distal end of the first metatarsal and bony
enlargement of the first metatarsal head [378]. There is a high prevalence of hallux
valgus in people aged over 65 years with women significantly more likely to be affected
by a ratio as high as 9:1 [378]. The reported prevalence rates range from 12% to 56%
[11, 101, 106, 118, 379] with the largest study so far involving 4249 people aged over
30 years reporting a prevalence of 28% [380]. More recently in a study of 176
retirement village residents (mean age 80.1 years) hallux valgus was shown to be
significantly associated with impaired performance on balance and functional ability
tests [122] as well as an increased risk of falling [14]. Hallux valgus has also been
associated with impaired gait parameters in a study of 71 community dwelling people
aged 75 to 93 years [381].

The severity of hallux valgus for both feet was assessed as a baseline characteristic
using the Manchester scale, a clinical tool consisting of photographs of feet with four
levels of hallux valgus: absent, mild, moderate and severe (Appendix 19) [382]. This
standardised set of photographs was selected from a larger set of 22 photographs, based
on the consensus opinions of 12 experienced foot specialists. To determine hallux
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valgus severity, the examiner placed the photographs alongside the participant’s
weightbearing foot and selected which photograph most closely resembled the
participant’s degree of hallux valgus. Intratester reliability of this method has been
reported to be excellent, with ICC values of 0.77 in a study of 31 retirement village
residents (mean age 80.8 years) [333]. Intertester reliability has also been reported as
excellent (ICC = 0.86) in a study of 12 assessors rating 13 participants [382].The
validity of this scale has been demonstrated in a study of 95 retirement village residents
(mean age 78.6 years) which reported a high correlation between the scale and the
hallux abductus and intermetatarsal angles obtained from foot radiographs [383].

3.8 Outcome measures
The outcome measures recommended by Prevention of Falls Network Europe, a
collaborative project to promote best practice in research on falls in older people have
all been included in this study. These measures are falls, fall injury, psychological
consequences (fear of falling) and generic health related quality of life [354].

The primary and secondary outcome measures are listed in Table 3.3. The primary
outcome measures are based on the number of self-reported falls by the participants in
the study. Falls, defined as “an unexpected event in which the participant comes to rest
on the ground, floor, or lower level” [354], were monitored for 12 months following
baseline assessment. To collect falls data, monthly falls calendars were used. Calendars
have been reported to be as effective, but less time consuming for the researcher, in
collecting the required data than telephone interviews [61]. Participants were given a
booklet of monthly calendars (Appendix 13) and requested to place a cross on the
calendar for any day on which they had a fall. At the end of the month they returned the
calendar to the researchers in a provided pre-paid envelope. If the researchers did not
receive a calendar, a phone call was made to the participant to request the information.
A problem with monthly calendars is that information regarding any fall cannot be
gathered until the diary is returned at the end of the month [61]. To minimise inaccuracy
resulting from this, participants were asked to contact the researchers as soon as
possible after a fall and specific details about the fall were obtained through a structured
telephone interview (Appendix 20). Participants were contacted by phone to obtain

116

details of a fall where a fall was recorded on a monthly fall calendar but the participant
had not contacted the researchers. For the secondary measures, all participants were
assessed at baseline and at six months by an assessor blind to group allocation.
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Table 3.3 List of outcome measures
Primary outcome



The number of falls

measures



The number of fallers/non-fallers/multiple fallers



Falls rate, defined as number of falls per person per year



Fall-related injury rates

Secondary outcome



The Manchester Foot Pain and Disability Index

measures



The Physiological Profile Assessment



The short Falls Efficacy Scale-International (SF-12)



The Mental (MCS-12) and Physical (PCS-12) Component
Summary scores of the short form Health Survey (SF-12)



Ankle and toe strength using a hand-held dynamometer



Range of motion for dorsiflexion at the ankle and first
metatarsophalangeal joint and inversion-eversion at the
ankle/subtalar joint



Balance based on postural sway, maximum balance and
coordinated stability



Functional ability based on sit-to-stand, 6 metre walking
and alternate stepping test



The time to first fall, recorded as a safety measure to
reflect adverse events from the intervention.

Baseline measures



Demographic data including; Age, height, weight, BMI,
general health information, medications, use of walking
aids, use of spectacles and history of previous falls



Podiatry and foot related data including; Number and
location of plantar callus and foot deformities, foot pain
duration and location, presence and severity of hallux
valgus, foot surgery and use of podiatry services



Activity level



Foot Posture Index



Footwear assessment (indoor and outdoor)
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3.9 Statistical analysis
Statistical analysis was undertaken using SPSS version 17.0 (SPSS Corp, Chicago, Ill,
USA) and STATA version 9.2 (StataCorp, College Station, Tx, USA) statistical
software. All analyses were conducted using the intention-to-treat principle using all
randomised participants [384].

Participant characteristics and baseline data were summarised by descriptive statistics.
A number of statistical papers have reported the inappropriateness of using hypothesis
testing to compare the differences between groups for baseline covariates between in
randomised trials [385-387]. Although randomisation will, on average, balance
covariates between treated and untreated participants, it need not do so in any particular
randomisation [385] and so as Altman comments ‘‘performing a significance test to
compare baseline variables is to assess the probability of something having occurred by
chance when we know that it did occur by chance; such a procedure is clearly absurd’’
[388]. Consequently this trial will not perform baseline comparisons but will adhere to
the CONSORT guidelines on the reporting of RCTs and report the summarised
participant characteristics and baseline data by descriptive statistics for each treatment
group [389].

3.9.1 Primary outcome measures
The number of fallers and multiple fallers (two or more falls) were compared by
calculating relative risks. The number of falls and falls rate per person per year in the
two groups were compared using negative binomial regression models. This approach
takes into account all falls and adjusts for varying duration of follow-up [390, 391].

Falls data presents a few problems for statistical analysis. Commonly, the data has a
large proportion of zero counts (participants with no falls) and a high positive skew for
the remaining data as in most trials the participants have a small number of falls [392].
Consequently an assumption of normal distribution is incorrect and the use of Student’s
t-test, linear regression, or analysis of variance would be inappropriate [391]. Analysis
of falls data also needs to take into account recurrent falls, namely the fact that some
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participants will fall more than once during the trial. Many falls report time to first fall
or the proportion of fallers as outcome measures, which ignores recurrent falls [391]
and can result in a conclusion that the treatment is ineffective when in fact the treatment
may influence recurrence of a fall [393]. A systematic review of randomised trials to
prevent falls reported that less than a third of the 83 included papers utilised an
appropriate statistical model to analyse falls as a recurrent event [393]. Further,
comparing only the proportion of participants who experience a fall discards valuable
prospectively collected falls data in participants with unequal follow-up [393].

A strategy that addresses these problems is to fit a negative binomial regression model.
It allows comparison of recurrent event rates in different groups, investigation of the
treatment effect and confounding variables, and adjusts for variable follow-up times by
using time at risk (i.e. time in the trial) as the offset [391, 392]. The excess of zero
counts in falls data can lead to over-dispersion, which is where the variance of the count
exceeds the mean. The negative binomial regression model has a built-in dispersion that
addresses this problem [392].

3.9.2 Secondary outcome measures
The continuously scored secondary outcome measures at baseline and the six month
follow-up appointments were compared using the linear regression approach to analysis
of covariance (ANCOVA) with baseline scores and intervention group entered as
independent variables [394, 395].

3.9.2.1 Handling of missing data
Missing data is reported as a common problem in trials and can bias results, reduce
generalisability and limit power [396, 397]. To overcome this problem, numerous
approaches for missing data have been developed with imputation methods from the
simple to the conceptually and mathematically complex being commonly used [398].
Imputation involves ascribing a value to a missing data cell based on the values of other
variables or substituting a reasonable estimate for absent data [399]. There appears to be
no “gold standard” for the imputation of missing data with the Consolidated Standards
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for Reporting of Trials (CONSORT) statement recommending that authors state how
missing data is handled but failing to specify an appropriate method [389]. However the
CONSORT statement does comment that the widely used method of “last observation
carried forward”, where missing final values of the outcome variable are replaced by the
last known value before the participant was lost to follow-up, has been severely
criticised [400-402] and “may be inadvisable” [389]. A variety of single imputation
methods (for example, the mean of the observed values) are commonly used to deal
with missing data but these have substantial limitations such as the generation of
inappropriately small variances and potentially biased estimates [403-405].

To address this, multiple imputation is frequently used to replace missing data. Based
on existing correlations between variables, multiple imputation creates several copies of
the data set, each containing different imputed values. Analyses are then carried out on
each data set using the same procedures that would have been used had the data been
complete. Analysing each data set separately yields multiple sets of parameter estimates
and standard errors, and these multiple sets of results are subsequently combined into a
single set of results [403, 405-407]. Consequently, multiple imputation was used in this
study to replace missing data for the secondary measures at the six months’ follow-up
using five iterations (data sets), with age, baseline scores, and group allocation as
predictors [405, 407].

3.9.2.2 Adjustment for multiple testing
Post hoc multiple testing using the Hochberg [408] procedure was conducted on the
secondary outcome measures with α set at 0.05 for each hypothesis-wide test. Multiple
test procedures were developed with the aim of concluding which comparisons are
significant and which are not, but with control of the appropriate error rate [409]. Some
commentators have questioned whether adjustment for multiple testing is warranted at
all and that if researchers describe what is done and why with a discussion on possible
interpretations, the reader should be able to reach a reasonable conclusion without the
need for statistical adjustments [410, 411]. However, it is has been shown that the
likelihood of obtaining significant results just by chance increases considerably with the
overall number of statistical tests carried out [412, 413]. While the Bonferroni [414]
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procedure is widely recommended and reduces the likelihood of type I errors, it does so
at the cost of increasing the likelihood of type II errors [415]. Further, it ignores
dependencies among the data and is therefore much too conservative if the number of
tests is large [413]. A number of less conservative and more powerful multiple testing
procedures have been developed, including the Holm, [416], Hochberg [408] and
Hommel [417] procedures, which are known to control the experiment-wise error rate
[418, 419]. The Hochberg procedure was selected for this trial with post hoc testing
conducted on the secondary measures divided into the testing domains of balance,
strength, range of motion and functional ability. In the Hochberg procedure, p values
are adjusted by multiplying the raw p value by the number of measures being tested.
Hypothesis testing is then conducted in an increasing order of significance of the
(ordered) hypotheses. Significance testing continues until a null hypothesis is rejected
then all remaining (untested) null hypotheses are rejected without further testing [419].
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CHAPTER 4

Foot and ankle strength assessment
using hand-held dynamometry:
reliability and age-related differences.
This chapter presents the findings from a study to assess the reliability of hand-held
dynamometry to evaluate the strength of selected foot and ankle muscle groups and to
quantify the magnitude of any difference in muscle strength between young and older
adults. The results of this study have been published in Gerontology (Appendix 21)
[328].

4.1 Background
Sarcopenia is a term used to describe the decline in muscle mass and strength that
occurs with normal ageing, which, if unchecked, can lead to weakness, disability, falls
and loss of independence [323]. The average reported age-related decreases in strength
are in the order of 20 to 40%, increasing to over 50% for those in their ninth decade and
beyond [322]. This has important health and economic implications due to the increased
risk of falling [70, 122] and a higher rate of outpatient clinic visits in older people [282].

Lower limb weakness has significant impacts on the performance of functional tasks
and the maintenance of balance. Several studies have shown that ankle dorsiflexion,
ankle plantarflexion and toe plantarflexion strength are strongly correlated with walking
speed [128, 324], stair ascent [77, 325], sit to stand [132], clinical tests of balance
including postural sway and coordinated stability [122, 420] and the functional
movements of stooping, crouching and kneeling [133]. Subsequently, reduced foot and
ankle strength have been identified as a predictor of falls in older people [14, 15].
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Fortunately, muscle does respond to training regardless of age, with an increase in lower
limb strength having been shown to improve balance and functional ability [276, 287].
Consequently, the ability to measure lower limb muscle strength accurately and reliably
is a desirable goal for both clinicians and researchers to enable them to identify
weakness, monitor deterioration and the effectiveness of a particular treatment. Manual
muscle testing, using a grading system, is probably the most commonly used technique
to assess muscle strength despite the evidence that this technique lacks sensitivity. A
number of studies have shown that the subjective nature of this test results in poor
reliability and is insensitive to changes in muscle strength [421-424].

The hand-held dynamometer is widely used as a simple and objective tool for
measuring muscle strength, with the device being portable and relatively inexpensive
[425]. Hand-held dynamometers have been shown to be reliable for testing a number of
muscle groups including those of the ankle [326, 426]. However, the chief disadvantage
of the hand-held dynamometer is its reliance upon a tester to hold the device to
accommodate the force generated by the person being tested [425, 427] and
consequently intertester reliability should not be taken for granted particularly where the
muscle being tested is strong [425]. Another concern is the poor interdevice reliability.
There are a number of manufacturers producing hand-held dynamometers and studies
have shown poor interdevice reliability between devices from different manufacturers
[428, 429] as well as between two separate devices of the same manufacturer [430].
This suggests that consideration should be given to using the same dynamometer when
quantifying strength over repeated sessions [429], that comparisons of absolute results
between separate studies should be treated with caution and that normative values
established with one device may not be appropriate for reference to a patient measured
with another device [428]. Isokinetic dynamometry is another objective method of
muscle testing that has been shown to be reliable and valid for ankle muscle groups
[293] and allows testing at a range of velocities which may allow a more accurate
reflection of functional performance [431]. However, isokinetic devices are not easily
portable and are expensive [430] preventing common usage of them in an every day
clinical setting.

Hand-held dynamometry has been used to record ankle plantarflexion, inversion and
eversion but by different assessors on specific target populations. One study assessed 41
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healthy older people (mean age 76.1 years, SD 1.2 years) with a history of falling [326]
and another study assessed 44 healthy participants (mean age 32.8 years, SD 11.2 years)
for comparison to a group with Charcot-Marie-Tooth disease [432]. Hand-held
dynamometry has not been used to record the muscle strength of any of the other
muscle groups of the foot. While a number of studies have recorded toe strength [433436], none have used a hand-held dynamometer.

In light of the lack of data in measuring muscle strength in the foot and ankle using a
hand-held dynamometer, the aims of this study were to evaluate the reliability of handheld dynamometry to assess foot and ankle strength, and to examine differences in
muscle strength of the foot and ankle including the hallux and lesser toe plantarflexors,
between young and older people.

4.2 Methods
4.2.1 Participants
The study sample comprised 72 participants. Thirty-six healthy young participants (17
males, 19 females, mean age 23.2 years, SD 4.3 years) were recruited from the student
and staff population of La Trobe University, Melbourne, Australia. Thirty-six older
people (17 males, 19 females, mean age 77.1 years, SD 5.7 years) were selected from a
mailout to residents of a retirement village in Bundoora, Melbourne, Australia, where
all residents live independently in their own home. The exclusion criteria for this study
included any self-reported neurological condition that may affect lower limb muscle
strength (such as a stroke, motor vehicle accident or polio), inability to ambulate
household distances (10 metres) without an assistive device, or a score of less than
seven on the Short Portable Mental Status Questionnaire [306]. The Health Sciences
Faculty Human Ethics Committee at La Trobe University approved the study, and
written informed consent was obtained from all participants.
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4.2.2 Instrumentation
Isometric muscle force was measured using a Citec hand-held dynamometer (CIT
Technics, Haren, The Netherlands). The manufacturer’s data states the device was
factory-calibrated to a sensitivity of 0.1% and a range of 0 to 500 Newtons. See Figure
4.1.

Figure 4.1 The Citec hand-held dynamometer used to measure eversion strength

4.2.3 Procedure
All participants were assessed independently by two assessors. Rater 1 was a podiatrist
of two years experience and Rater 2, a physiotherapist of twenty-two years experience,
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with neither assessor having used a hand-held dynamometer regularly before
commencement of the study. Strength of the foot and ankle muscles responsible for
dorsiflexion, plantarflexion, inversion, eversion and plantarflexion of the hallux and
lesser digits were assessed using the ‘make’ technique where the examiner holds the
dynamometer stationary while the participant exerts a maximal force against it [326].
All tests were performed with the participants in a supine position with hips and knees
extended and the lower limb stabilised proximal to the ankle joint. The dynamometer
was positioned against the dorsal surface of the foot just proximal to the metatarsal
heads for dorsiflexion, on the plantar surface of the foot just proximal to the first
metatarsal heads for plantarflexion, on the medial border of the foot at the midpoint of
the shaft of the first metatarsal for inversion, on the lateral border of the foot at the
midpoint of the fifth metatarsal for eversion and over the interphalangeal joint of the
hallux for hallux plantarflexion. For testing of the lesser digits, the dynamometer was
placed on the plantar surface of the digits. In people with smaller feet or toe deformities,
there was insufficient space for the device, resulting in the lesser digits being forced into
dorsiflexion. Consequently, to standardise the testing position, it was decided to test at
the maximal end range of dorsiflexion by using the dynamometer to dorsiflex the digits
into the participant’s comfortable end range of motion. This technique was also used for
assessing hallux plantarflexion strength. For testing both the hallux and lesser toe
strength, the ankle was passively placed in maximum plantarflexion to prevent cocontraction of the ankle plantarflexor muscles influencing the result.

To familiarise the participant, the rater passively demonstrated the movement required
and then asked the participant to perform the movement. Three consecutive contractions
of three to five seconds for each muscle group were recorded. The average of the three
contractions was used for analysis as mean values have been shown to be more reliable
than maximal values [327]. Verbal encouragement was given during each contraction.

Each participant was assessed independently by two raters at the same testing session.
Rater 2 left the room while Rater 1 performed the testing and vice versa. The raters
alternated which rater performed the test first to minimise any bias from fatigue or
learning effect. Test-retest reliability was assessed on two separate occasions separated
by a week interval.
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4.2.4 Statistical analysis
All statistical tests were conducted using SPSS Release 17 for Windows (SPSS Inc,
Chicago, IL, USA). To determine the relative reliability of the strength measurements,
intraclass correlation coefficients (ICC3,1) and 95% confidence intervals (CIs) were
calculated. It has been suggested that ICC values of 0.75 and greater indicate excellent
reliability, 0.4 to 0.75 fair to good reliability, and 0.4 and less, poor reliability [437]. To
assess absolute reliability, coefficients of variation (CV) of method error were
calculated, which expresses the between-trial variability as a percentage. The minimum
detectable change (MDC) was calculated to provide an indication of smallest difference
that would reflect true change and not simply random measurement error [438]. To
assess differences between young and older participants, independent samples t-tests
were used, and effect size (Cohen’s d) was calculated, which is a measure of the
difference between sample means. Cohen’s d was calculated as the difference between
the two means divided by a pooled standard deviation for the data, with a value of 0.8
considered a large effect, 0.5 to be a medium and 0.2 to be a small effect [439]. As
strength is strongly correlated to height and weight, comparisons were performed on
both raw scores and normalised scores using the formula [435];

normalised strength =

strength (kg )
X 100
height (m) X weight (kg )
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4.3 Results
4.3.1 Characteristics of the study population
The characteristics of the study population are shown in Table 4.1. The older
participants were shorter (p<0.001), heavier (p=0.032) and had a higher body mass
index (p<0.001) compared to the young group.

Table 4.1 Mean (SD) physical characteristics of participants grouped by age

Young (n=36)

Older (n=36)

p value

17 males, 19 females

17 males, 19 females

1

Age (years)

23.2 (4.3)

77.1 (5.7)

<0.001

Height (cm)

172.7 (9.1)

164.4 (10.3)

<0.001

Weight (kg)

67.2 (11.3)

73.8 (14.0)

0.032

Body mass index (kg/m2)

22.4 (2.6)

27.2 (3.7)

0.001

Gender
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4.3.2 Intrarater reliability
Intrarater reliability for the use of hand-held dynamometry to assess foot and ankle
strength was excellent for both raters (Table 4.2). For the muscle groups tested, the
ICCs ranged from 0.78 to 0.94 and the 95% CIs from 0.67 to 0.96. The coefficients of
variation ranged from 7.9 to 15.5%, and MDCs ranged from 28.8 to 85.8 Newtons. Both
raters were less reliable measuring lesser toe plantarflexion compared to other muscle
groups.

Table 4.2 Intrarater reliability of foot and ankle strength using a Citec hand held
dynamometer. All values expressed as mean (SD) Newtons

Muscle group

Rater

Session 1

Session 2

ICC (95% CI)

CV (%)

MDC

Ankle

Rater 1

165.8 (46.2)

166.8 (47.2)

0.91 (0.86 – 0.94)

8.5

39.0

dorsiflexion

Rater 2

132.2 (54.1)

141.7 (58.8)

0.90 (0.85 – 0.94)

12.9

48.4

Ankle

Rater 1

237.0 (57.6)

237.2 (57.2)

0.89 (0.83 – 0.93)

7.9

52.0

plantarflexion

Rater 2

213.3 (77.8)

225.0 (78.7)

0.84 (0.76 – 0.90)

14.1

85.8

Ankle

Rater 1

159.9 (45.4)

160.5 (44.2)

0.90 (0.85 – 0.94)

8.7

38.5

inversion

Rater 2

124.5 (44.2)

130.3 (48.7)

0.87 (0.80 – 0.92)

13.0

45.2

Ankle

Rater 1

153.6 (43.4)

157.3 (45.6)

0.88 (0.82 – 0.92)

9.8

42.1

eversion

Rater 2

123.4 (38.4)

127.6 (39.2)

0.78 (0.67 – 0.86)

14.4

50.1

Lesser toes

Rater 1

90.8 (30.0)

90.7 (30.8)

0.83 (0.74 – 0.89)

13.9

34.8

plantarflexion

Rater 2

104.0 (34.1)

111.9 (36.2)

0.82 (0.73 – 0.89)

13.7

41.0

Hallux

Rater 1

108.7 (40.7)

108.4 (41.1)

0.94 (0.90 – 0.96)

9.6

28.8

plantarflexion

Rater 2

116.3 (41.6)

117.2 (41.8)

0.81 (0.72 – 0.88)

15.5

50.1
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4.3.3 Interrater reliability
Interrater reliability for the use of hand-held dynamometry to assess foot and ankle
strength was excellent for both test session (Table 4.3). For the muscle groups tested,
the ICCs ranged from 0.77 to 0.88 and the 95% CIs from 0.66 to 0.93. The coefficients
of variation ranged from 11.3 to 14.7%, and MDCs ranged from 37.2 to 77.9 Newtons.

Table 4.3 Interrater reliability of foot and ankle strength using a Citec hand held
dynamometer. All values expressed as mean (SD) Newtons

Muscle group

Session

Rater 1

Rater 2

ICC (95% CI)

CV (%)

MDC

Ankle

Session 1

165.8 (46.2)

132.2 (54.1)

0.81 (0.71 – 0.88)

14.7

62.3

dorsiflexion

Session 2

166.8 (47.2)

141.7 (58.8)

0.88 (0.82 – 0.93)

11.8

46.9

Ankle

Session 1

237.0 (57.6)

213.3 (77.8)

0.80 (0.70 – 0.87)

13.6

77.9

plantarflexion

Session 2

237.2 (57.2)

225.0 (78.7)

0.82 (0.72 – 0.88)

12.8

72.1

Ankle

Session 1

159.9 (45.4)

124.5 (44.2)

0.80 (0.69 – 0.87)

14.2

60.0

inversion

Session 2

160.5 (44.2)

130.3 (48.7)

0.85 (0.77 – 0.91)

12.3

51.3

Ankle

Session 1

153.6 (43.4)

123.4 (38.4)

0.77 (0.66 – 0.85)

14.2

57.1

eversion

Session 2

157.3 (45.6)

127.6 (39.2)

0.86 (0.78 – 0.91)

11.3

45.3

Lesser toes

Session 1

90.8 (30.0)

104.0 (34.1)

0.82 (0.73 – 0.89)

13.8

37.2

plantarflexion

Session 2

90.7 (30.8)

111.9 (36.2)

0.82 (0.72 – 0.88)

14.2

40.5

Hallux

Session 1

108.7 (40.9)

116.3 (41.6)

0.88 (0.81 – 0.92)

12.7

39.6

plantarflexion

Session 2

108.4 (41.1)

117.2 (41.8)

0.87 (0.81 – 0.92)

13.1

40.9

4.3.4 Muscle strength differences between young and older
groups
A comparison of the isometric muscle strength between the young and older
participants is shown in Table 4.4. There was a significant difference between the
muscle strength of the young and older participants in all muscle groups tested
(p<0.001). The older participants were weaker than the young participants by a
magnitude of 24 to 37%. When the strength measurements were normalised for height
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and weight (Table 4.5), the difference between the muscle strength of the two groups
remained significant (p<0.001) with the older participants being weaker than the young
participants by a magnitude of 27 to 40%.

Table 4.4 Comparison of isometric muscle strength using a Citec Hand held
dynamometer (rater 1, session 1). All strength values expressed as mean (SD) Newtons

Young

Older

p value

%
difference

Effect
size

Ankle dorsiflexion

194.1 (40.3)

137.4 (32.6)

<0.001

29.2

1.57

Ankle plantarflexion

280.3 (39.3)

193.7 (36.6)

<0.001

30.9

2.31

Ankle inversion

185.0 (44.3)

134.8 (30.3)

<0.001

27.1

1.34

Ankle eversion

178.5 (36.9)

128.7 (34.3)

<0.001

27.9

1.42

Lesser toes plantarflexion

103.0 (27.5)

78.6 (27.6)

<0.001

23.7

0.90

Hallux plantarflexion

132.9 (31.1)

84.4 (34.3)

<0.001

36.5

1.50

Table 4.5 Comparison of normalized isometric muscle strength using a Citec hand-held
dynamometer (rater 1, session 1). All strength values expressed as mean (SD) Newtons

Young

Older

p value

%
difference

Effect size

Ankle dorsiflexion

169.4 (36.3)

116.6 (30.4)

<0.001

31.2

1.60

Ankle plantarflexion

246.5 (44.9)

163.5 (33.6)

<0.001

33.7

2.12

Ankle inversion

161.2 (39.0)

113.9 (28.3)

<0.001

29.3

1.41

Ankle eversion

155.7 (31.7)

108.5 (27.4)

<0.001

30.3

1.62

Lesser toes plantarflexion

90.3 (25.0)

66.4 (22.2)

<0.001

26.5

1.03

Hallux plantarflexion

116.8 (30.1)

71.4 (28.4)

<0.001

40.0

1.57

4.4 Discussion
This study found that hand-held dynamometers may be used for testing the muscle
strength of the foot and ankle including, for the first time, the hallux and lesser toe
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plantarflexors. This study found an excellent level of intrarater and interrater reliability
for assessing muscle strength, with ICCs ranging from 0.77 to 0.94, indicating handheld dynamometry may be used for identifying progressive improvements or
impairments in foot and ankle strength. As might be expected, the intrarater reliability
was more reliable than the interrater reliability, especially as tester strength has been
shown to influence the magnitude and reliability of strength measurements recorded
using a hand-held dynamometer [427]. The ICCs intratester reliability were comparable
to the studies on testing ankle strength by Burns et al [426] and Wang et al [326], who
reported intratester ICCs of 0.88 to 0.95 and 0.97 to 0.99, respectively. However the
coefficients of variation (CV) in our study were in the range of 7.9 to 12.9% for tester 1
and 12.5 to 15.9% for tester 2 compared to 1.6 to 3.4% reported by Burns et al [426]
and 3.7 to 5.3% reported by Wang et al [326]. This is most likely due to the time period
between measurements, as in our test protocol the test sessions were a week apart while
Burns et al [426] retested on the same day and Wang et al [326] within the same
session.

One of the essential prerequisites for valid hand-held dynamometer measurement is that
the individual doing the testing is strong enough to counter the force generated by the
muscle action being tested [427, 440]. This is also true for providing adequate
stabilisation. Currently there is no method of recording whether any movement occurred
during testing other than observation. Both assessors were aware that when assessing
ankle plantarflexion, they were unable to isometrically resist some of the participants’
force. Consequently, the values recorded, especially for the younger group, are likely to
be lower than the true strength of the participants.

This study also aimed to quantify the effects of age on the strength of the muscles of the
foot and ankle. The results indicate that older people generate between 24 and 37% less
strength than young people for the muscles responsible for movement of the foot and
ankle. With the data normalised for height and weight, the disparity in strength between
the groups was similar (27 to 40%). For all muscle groups tested, this was a statistically
significant difference (p<0.001) and in terms of effect size, using Cohen’s d, this
corresponds to a large effect. Direct comparison with previous studies is difficult due to
different sample groups, testing equipment or testing techniques. However, absolute
values for the ankle muscle groups for young participants were comparable with the 44
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healthy participants (mean age 32.8 years, SD 11.2 years) in the study by Burns et al
[432]. With the older adults, the absolute values were approximately twice the values
found in a study that recorded 41 healthy older people (mean age 76.1 years, SD 1.2
years) with a history of falling [326]. This difference might be a result of the technique
used in the study on older fallers, whereby a towel was placed between the skin and the
test pad for comfort and to minimise damage to fragile skin, but which might also have
absorbed some of the force of the muscle contraction. Another explanation is the sample
group was significantly weaker as they all had a history of falls and there is a known
association between reduced muscle strength and falls [58, 441].

Older people generated 37% less hallux plantarflexor strength and 24% less lesser toe
plantarflexor strength than the young participants. Despite differences in the testing
procedure, these findings are consistent with those of two other studies on age related
changes in toe plantarflexor strength. Endo et al [435] found that 20 older people
(average age 73.2 years) exhibited 29% less force under the toes when leaning forward
on one leg than younger people (average age 22.8 years) as recorded using a force plate.
Similarly, Menz et al [436] found older participants recorded 32% less plantarflexion
strength for the hallux and 27% less plantarflexion strength for the lesser toes. Their
study was conducted on 40 young (average age 20.8 years) and 40 older people
(average age 74.6 years) using a pressure platform while the participants were seated.

The findings of this study are consistent with the well-documented decline in the
strength of lower limb muscles with advancing age [322]. Age-related declines in
strength are strongly associated with reductions in skeletal muscle mass, and it has been
demonstrated that total muscle cross-sectional area decreases by approximately 40%
between the ages of 20 and 60 years [442]. Recent studies using magnetic resonance
imaging have found that participants demonstrate significant reduction in the volume of
ankle plantarflexors [443] and intrinsic foot muscles [109, 444] and that this reduction
is correlated with a decline in strength [443].
The study has a number of limitations. Firstly, due to the constraints of the device, each
assessor was not blinded to the value displayed on the hand-held dynamometer during
testing. Before each trial, the reset button was pressed and if the value displayed was not
zero, a small wheel was manually moved to zero the device. Also, the device had an
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automatic shutoff after 15 seconds, which resulted in some participants having to repeat
some trials, possibly leading to fatigue-related reductions in strength. Secondly,
inadequate force and stabilisation by the tester may have affected the results. Finally,
the validity of the hand-held dynamometer measurements recorded in this study was not
investigated. While the percentage differences in strength quantifies the disparity in
strength between the groups, the strength measurements recorded for the groups may
not accurately reflect the normative maximal strength for young and older people.

Despite these limitations, this study provides novel information regarding age-related
reductions in foot and ankle strength and the reliability of strength assessment using
hand-held dynamometry, which will be useful for subsequent studies assessing the
effects of exercise in enhancing lower limb muscle strength in older people.

4.5 Conclusions
Ageing is associated with a reduction in strength of between 24% and 37% for the
muscles responsible for movement of the foot and ankle. Hand-held dynamometry is a
reliable instrument to measure the foot and ankle strength of young and older adults,
and may therefore be a useful measure for future exercise intervention studies.
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CHAPTER 5

Participant recruitment and baseline
characteristics
5.1 Introduction
This chapter describes the various avenues by which the sample was recruited for the
randomised trial of a multifaceted podiatry intervention to prevent falls (Chapters 8 and
9) and the characteristics of this sample at baseline, compared to reference data where
available.

5.2 Recruitment
Participants for this trial were recruited from a number of sources described in section
3.3.1. The number of participants recruited from each recruitment source is presented in
Table 5.1. The primary source of participants (66%) was from a mail out to people who
had accessed podiatry services at the La Trobe University Health Sciences Clinic,
Bundoora, Victoria, Australia in the 12 months prior to July 2008. The response rate for
the mail out was relatively low (25%), with 2,416 letters posted generating 600
responses. Studies with low levels of participation may be more vulnerable to selfselection bias than those with high participation rates [445]. However, low participation
rates do not necessarily indicate a high level of bias inherent in a study [446] though in
the absence of data on those non-respondents, this is difficult to demonstrate.
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Table 5.1 Response and inclusion by recruitment method

Recruitment method

Responses

Declined

Not eligible

Recruited

% of total
recruited

600

136

262

202

66.3

27

9

4

14

4.6

43

7

10

26

8.5

98

16

49

33

10.8

4

1

3

0

0.0

73

25

19

29

9.5

2

1

0

1

0.3

847

195

347

305

100

Mail-out to patients attending La Trobe Health Sciences Clinic (n=2,416)
Advertisement in The Senior monthly newspaper placed October 2008
Advertisement in 50-Plus News monthly newspaper placed March 2009
Advertisement in The Age newspaper placed 14/07/09 and 24/08/09
Advertisement in National Ageing Research Institute September 2009 monthly newsletter
Advertisement on Magic 1278 radio station run 23/02/09 to 06/03/09
Flyers placed at Bundoora Extended Care Centre
Total
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Of the 847 people who expressed an interest in participating, 542 (64%) were excluded
(Figure 5.1). The primary reason for exclusion was the failure to meet the inclusion
criteria of the presence of foot pain which accounted for 213 people (39% of those
excluded). Another 195 (37%) declined participation at study entry, primarily due to a
reluctance to commit to the extended study period. This represents a possible sample
bias towards participants with a heightened interest in and commitment to the
intervention. A further 78 (14%) were excluded as they did not meet the inclusion
criteria of an elevated risk of falling.

Assessed for eligibility (n=847)

Excluded (n=542)
No foot pain (n=213)
Declined (n=195)
Low falls risk (n=78)
Degenerative neurological condition (n=23)
Use of walking aid (n=18)
Insufficient English (n=15)

Randomised (n=305)

Allocated to intervention group (n=153)
Received allocated intervention (n=153)

Allocated to control group (n=152)
Received allocated intervention (n=152)

Figure 5.1 Flow of participants through study to randomisation
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5.3 Baseline characteristics of the study population
The study sample consisted of 305 participants (94 men and 211 women) aged 65-93
(mean 73.9 years, SD 5.9). The baseline characteristics of the study population are
shown in Table 5.2. The sample was predominantly female (69.2%), overweight (mean
BMI=29.7), Australian born (66.9%) and lived with their spouse or other relative
(66.2%). The baseline characteristics were similar across the intervention and control
groups of the randomised trial. The only notable exception was a larger proportion of
people using walking aids outside the home were allocated to the intervention group.
However, because appropriate randomisation and allocation concealment occurred, this
difference can only be attributed to chance.

Reference values for older Australians have been provided primarily using data
collected for the Victorian Health Status of Older People Survey [447], which shared a
number of similarities with this study in terms of geographical location, age of study
population and inclusion/exclusion criteria. Data for the Health Status of Older People
Survey were collected in 1994 using a random sample from the electoral roll of 1000
older people aged over 65 years residing in their own homes in Melbourne, Australia.
As such, data from this reference sample is representative of people aged over 65 in
Melbourne. Individuals were not eligible to participate if they did not speak basic
English, were cognitively impaired, severely ill, or deaf. The sample comprised 533
females and 467 males, with a mean age of 73.4 years. Reference values for the physical
and mental function measures are provided, where available, from study samples
consisting of community-dwelling older participants of both genders with the exception
of the falls risk PPA score which includes women only. In comparison, the sample
recruited for this trial had a greater prevalence of chronic conditions and took more
medications. They also had a greater risk of falling and had fallen more frequently in
the previous 12 months, although this is to be expected as an inclusion criterion was an
increased risk of falling. These poorer levels of general health may explain the
reluctance of the sample to exercise as observed in the lower levels of planned physical
activity compared to reference groups.
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Table 5.2 Baseline characteristics. Values are means (SD) unless otherwise stated.
.

Demographics
Age (yrs)
Women, n (%)
Height (m)
Weight (kg)
Obese (BMI ≥ 30), n (%)
Born in Australia, n (%)
Living alone, n (%)
Medical conditions, n (%)
Diabetes
Stroke
Heart disease
Hypertension
Hypotension
Incontinence
Osteoarthritis
Rheumatoid Arthritis
4 or more medications
One or more falls in previous
year
Bifocal or multifocal glasses
Walking aids used outside home
Physical and mental function
PPA score (falls risk)
Incidental Activity (hrs per week)
Planned Activity (hrs per week)
MFPDI pain scale
MFPDI function scale
SF-12 Physical score
SF-12 Mental score
FES-I score

Control
(n=152)

Intervention
(n=153)

Total
(n=305)

Reference
values

73.6 (5.7)
105 (69.1)
1.6 (0.1)
79.8 (15.9)
66 (43.4)
101 (66.5)
53 (34.8)

74.19 (6.0)
106 (69.3)
1.6 (0.1)
79.5 (16.9)
71 (46.4)
103 (67.3)
50 (32.7)

73.88 (5.9)
211 (69.2)
1.6 (0.1)
79.7 (16.4)
137 (44.9)
204 (66.9)
103 (33.7)

(18.5)*
(74)*
(34)*

31 (20.4)
12 (7.9)
31 (20.9)
90 (59.2)
11 (7.2)
25 (16.5)
100 (65.8)
19 (12.5)
88 (57.9)

23 (15.0)
10 (6.5)
34 (22.2)
100 (65.4)
10 (6.5)
23 (15.0)
112 (73.2)
12 (7.8)
91 (59.5)

54 (17.7)
22 (7.2)
65 (21.3)
190 (62.3)
21 (6.9)
48 (15.7)
212 (69.5)
31 (10.2)
179 (58.7)

(6.3)*
(5.7)*
(25.9)*
(43)*
(4)*
(31)*
(57.6)*
(6)*
(23)*

83 (54.6)

82 (53.6)

165 (54.1)

(29.4)*

81 (53.3)
11 (7.2)

91 (59.5)
24 (15.7)

172 (56.4)
35 (11.5)

(60.2)*
(13)*

1.4 (1.0)
36.0 (13.2)
3.9 (4.3)
4.0 (2.0)
8.0 (4.4)
39.8 (9.3)
49.1 (10.4)
13.4 (4.5)

1.3 (0.9)
33.9 (15.2)
3.4 (3.5)
3.9 (2.0)
8.0 (4.4)
38.8 (10.1)
50.2 (11.1)
13.1 (4.00)

1.3 (1.0)
35.0 (14.3)
3.7 (3.9)
3.9 (2.0)
8.0 (4.4)
39.3 (9.7)
49.6 (10.8)
13.2 (4.3)

0.4 (1.0)†
32.4 (20.8)‡
6.6 (8.0)‡
n/a
n/a
43.9 (9.3)β
51.6 (8.4)β
10.0 (3.8)δ

Note: PPA =Physiological Profile Assessment, MFPDI=Manchester Foot Pain and Disability Index,
SF-12=Short Form-12, FES-I=Falls Efficacy Scale-International, n/a=Not available
* Kendig et al [447], † Szabo et al [448], ‡ Delbaere et al [366], β Ware et al [449], δ Delbaere et al
[450]
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Tables 5.3 show the baseline scores of the strength, range of motion and sensorimotor
tests that were used as secondary outcome measures for the trial. The control and
intervention group were similar in their performance in these tests. Reference values,
where available, are reported from study samples consisting of community-dwelling
older participants of both genders. Compared to reference values for performance by
older adults in these tests, this study sample was better in all strength tests as well as the
range of motion for ankle dorsiflexion and the first MTPJ. Performance for the sample
group in the sensorimotor tests was broadly comparable to the reference groups.

Tables 5.4 show the baseline scores of the balance and functional ability tests which
were used as secondary outcome measures for the trial. The control and intervention
group were similar in their performance in these tests. Reference values, where
available, are reported from study samples consisting of community-dwelling older
participants of both genders with the exception of the postural sway, coordinated
stability test and maximum balance range that consisted of women only. Compared to
reference values for performance by older adults in these tests, this study sample was
worse in all tests. The poorer performance is to be expected due to the inclusion
criterion of an increased risk of falling.
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Table 5.3 Descriptive statistics for tests of strength, range of motion and sensorimotor function. Values are means (SD) unless otherwise stated

Control (n=152)

Intervention (n=153)

Total (n=305)

Reference values

Better performance

Strength (Newtons)
Ankle dorsiflexion
Ankle plantarflexion
Ankle inversion
Ankle eversion
Lesser digits plantarflexion
Hallux plantarflexion
Knee extension

152.1 (46.1)
199.0 (51.7)
102.9 (34.7)
99.9 (30.6)
68.0 (27.4)
69.0 (28.0)
223.2 (94.4)

154.7 (41.7)
206.3 (55.3)
100.7 (34.9)
97.9 (29.0)
68.0 (25.1)
68.2 (27.0)
222.8 (85.5)

153.4 (43.9)
202.6 (53.6)
101.8 (34.7)
98.5 (29.8)
68.0 (26.2)
69.0 (27.4)
223.0 (89.9)

137.4 (32.6) *
193.7 (36.6) *
134.8 (30.3) *
128.7 (34.3) *
78.6 (27.6) *
84.4 (34.3) *
212.6 (72.5) †

Higher score
Higher score
Higher score
Higher score
Higher score
Higher score
Higher score

Range of motion (degrees)
Ankle dorsiflexion, knee extended
Ankle dorsiflexion, knee flexed
Ankle inversion-eversion
1st MTPJ

30.4 (6.3)
38.7 (6.8)
32.6 (9.7)
75.8 (16.7)

30.9 (5.6)
40.0 (7.1)
32.6 (9.5)
72.9 (18.8)

30.7 (6.0)
39.3 (7.0)
32.6 (9.6)
74.3 (17.8)

n/a
33.4 (10.8) †
43.3 (5.0) ‡
56.4 (15.4) †

Higher score
Higher score
Higher score
Higher score

Sensorimotor function
Contrast sensitivity (MET), dB
Reaction time - hand, ms
Proprioception, º error
Tactile sensation - ankle, gm

18.8 (1.2)
265.1 (66.7)
2.6 (1.8)
4.5 (0.6)

18.4 (1.9)
259.5 (51.2)
2.6 (2.0)
4.5 (0.6)

18.6 (1.6)
262.2 (59.4)
2.6 (1.9)
4.5 (0.6)

20.31 (3.4) †
273.9 (82.8) †
1.7 (1.2) †
4.61 (0.6) †

Higher score
Lower score
Lower score
Lower score

Note: n/a=Not available, MET=Melbourne Edge Test, MTPJ=Metatarsophalangeal joint.
* Spink et al [328], † Menz et al [122], ‡ Mecagni et al [134]
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Table 5.4 Descriptive statistics for tests of balance and functional ability. Values are means (SD) unless otherwise stated

Balance and functional ability
Postural sway - floor, mm²
Postural sway - foam, mm²
Lateral stability, mm
Maximum balance range, mm
Coordinated stability, errors
Functional ability
Alternate step test, s
Walking speed, m/s
Sit to stand, s

Control (n=152)

Intervention (n=153)

Total (n=305)

Reference values

Better performance

114.4 (121.1)
238.0 (235.4)
63.6 (44.9)
108.4 (28.4)
10.2 (8.4)

137.8 (205.9)
215.9 (203.3)
58.4 (40.8)
116.2 (33.1)
9.2 (8.1)

126.1 (169.1)
226.9 (219.8)
61.0 (42.9)
112.3 (31.1)
9.7 (8.3)

40 -100 *
65 – 163 *
n/a
153 – 220 *
1 - 11.75 *

Lower score
Lower score
Lower score
Higher score
Lower score

11.6 (3.8)
1.0 (0.2)
13.4 (4.6)

12.0 (4.4)
1.00 (0.2)
13.4 (4.2)

11.8 (4.1)
1.0 (0.2)
13.4 (4.4)

10.8 (3.8) †
1.1 (0.2) ‡
12.5 (4.8) †

Lower score
Higher score
Lower score

Note: * range for women aged 70-75 years, n/a=Not available, MET=Melbourne Edge Test, MTPJ=Metatarsophalangeal joint.
* Szabo et al [448], †Tiedmann et al [304], ‡ Tiedmann et al [128]
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Participants’ foot problems and use of podiatry services at baseline are shown in Table
5.5. Reference values, where available, from study samples consisting of communitydwelling older participants of both genders, have also been reported. An inclusion
criterion for the study was self-reported foot pain lasting for at least a day within the
previous month, which resulted in the participants having a significantly higher
proportion of foot problems than the general population. This may also be attributed to
two thirds of the participants being recruited from people who had attended the La
Trobe University Health Sciences Clinic for podiatry treatment in the previous 12
months.

Table 5.5 Foot problems and podiatry service use at baseline. Values are number (% of
total) unless otherwise stated

Control
(n=152)

Intervention
(n=153)

Total
(n=305)

Reference
values

3.3 (2.8)

3.8 (2.9)

3.6 (2.9)

4.14 (3.9)*

Foot problems
Foot pain duration - yrs, mean (SD)
Painful heel
Painful arch
Painful ball of foot
Painful toes
Calluses
Corns
Bunions
Fungal infection - skin
Fungal infection - nail
Dry cracked skin

6.1 (7.5)
80 (52.6)
80 (52.6)
92 (60.5)
102 (67.1)
76 (50.0)
73 (48.0)
50 (32.9)
48 (31.6)
51 (33.6)
75 (49.3)

7.7 (8.1)
61 (39.9)
67 (43.8)
97 (63.4)
109 (71.2)
87 (56.9)
78 (51.0)
67 (43.8)
35 (22.9)
52 (34.0)
78 (51.0)

6.9 (7.8)
141 (46.2)
147 (48.2)
189 (62.0)
211 (69.2)
163 (53.4)
151 (49.5)
117 (38.4)
83 (27.2)
103 (33.8)
153 (50.2)

n/a
(11.1)†
n/a
(20.2)†
n/a
(58.2)†
n/a
(12.8)†
(22.4)†
(19.5)‡
(13.7)†

Podiatry service use
Visit podiatrist every two months
Currently wear orthoses
Previous foot surgery

73 (48.0)
60 (39.5)
36 (23.7)

75 (49.0)
61 (39.9)
38 (24.8)

148 (48.5)
121 (39.7)
74 (24.36)

n/a
n/a
n/a

Foot posture
Foot Posture Index, mean (SD)

Note: n/a=Not available, * Scott et al [248], †Dunn et al [9], ‡ Gupta et al [451]
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5.4 Discussion
The methods of recruitment targeted English speaking people residing in suburban
Melbourne. As the majority of the sample was recruited from people who had received
podiatric treatment in the previous 12 months there may have been a danger of selfselection bias. However over half of the sample (51%) were not receiving regular
podiatric treatment at baseline despite the inclusion criteria of a chronic foot problem
and the long-term self-reported duration of that foot pain (6.9 years). This is consistent
with a study on podiatry utilisation in another Australia city, Adelaide, which reported
that 60% of the 171 participants who were over 65 years did not seek podiatry treatment
despite reporting foot problems [149].
Compared to reference values, the sample had a higher prevalence of obese people as
well as people that had chronic illnesses. This would be expected in light of the known
association between obesity and chronic conditions [452]. The inclusion criterion of
foot pain and the correlation between obesity and foot problems [13, 453-456] would
also explain the higher proportion of obese participants. Additionally, there is a known
greater prevalence of foot problems among people with the chronic conditions of
diabetes and arthritis [109-114]. However, the trial population had a higher prevalence
of other chronic conditions compared to the reference data. While this may be obesity
related, an unspecified relationship to foot problems should also be considered as it has
been reported in two studies that foot problems are more prevalent in people with a
greater number of chronic conditions [13, 102].

The study sample was found to perform poorer for the tests of balance and functional
ability compared to reference groups. This is to be expected due to the inclusion
criterion of an increased risk of falling. However, surprisingly, the foot and ankle
strength and range of motion of the sample group was generally better than the
reference groups. The differences cannot be explained by methodological differences as
the measurement methods used were the same, albeit by different assessors. Age may
explain some of the difference as the sample group was broadly younger than the
reference groups (74 years versus 78 years).
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In summary, the control and intervention groups were similar in their baseline
characteristics but the sample as a whole differed on a number of measures in relation to
reference data. The trial population performed worse than the general population on
most measures of foot problems, balance and functional ability but better in measures of
foot strength and range of motion. These poorer performance measures can largely be
explained by the focus and inclusion criteria of the trial that looked to recruit people
with foot problems and an increased risk of falling.
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CHAPTER 6

Foot and ankle strength and range of
motion are associated with balance and
functional ability in older people
6.1 Introduction
This chapter describes an analysis that evaluates the associations between the foot and
ankle strength and range of motion characteristics and performance in balance and
functional tests in older people. The data used was collected at baseline from the
participants in the podiatry intervention falls trial described in Chapter 5. The results of
this study have been published in Archives of Physical Medicine and Rehabilitation
[457], (Appendix 22).

6.2 Background
The maintenance of balance when performing functional tasks is a complex
phenomenon that is influenced by a range of sensorimotor factors including lower
extremity muscle strength [62], peripheral sensation [63], visual acuity [62] and reaction
time [62]. All of these factors have been reported to deteriorate with age [59, 65-68].
There is also an increasing body of evidence to indicate that foot and ankle
characteristics may influence performance in balance and functional tests. Strength of
ankle dorsiflexion and plantarflexor muscles have been shown to be correlated with
postural sway and coordinated stability [122, 420], walking speed [128], stair ascent
[77], sit to stand [132] and the functional movements of stooping, crouching and
kneeling [133]. Similarly, foot and ankle range of motion has been shown to reduce
with age [331], with ankle range of motion in both the sagittal [122, 134] and frontal
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[134] planes being associated with balance ability, and reduced ankle dorsiflexion
identified as a significant independent predictor of falls [14].

A previous study on community-dwelling older people reported that the strength of the
toe plantarflexors and ankle dorsiflexion range of motion were significantly associated
with balance and functional ability [122]. However, the battery of tests included in that
study was limited to only two strength measures (ankle dorsiflexion strength and a
dichotomous measure of toe plantarflexor strength) and two range of motion measures
(ankle joint dorsiflexion and first metatarsophalangeal joint dorsiflexion). Given that the
control of medio-lateral stability in both unipedal standing [180] and walking [458] are
influenced by the degree of frontal plane control of the subtalar/ankle joint complex, it
is likely that inversion-eversion strength and range of motion may also contribute to an
older person’s ability to perform balance and functional tests.

The aims of this chapter were twofold; (i) to evaluate the relationship between foot and
ankle strength and range of motion variables and performance in balance and functional
tests, and (ii) to determine whether sensorimotor factors (i.e. vision, sensation, reaction
time and balance) and age explain any additional variance in the performance of balance
and functional tests.

6.3 Methods
6.3.1 Participants
The sample consisted of the 305 participants recruited for the randomised controlled
trial, described in detail in Chapter 5. There were 94 men and 211 women aged 65 to 93
years (mean age 73.9 years, SD 5.9 years).

6.3.2 Measurements
Each of the measurements used are described in detail in Chapter 3. For the purpose of
the analysis outlined in this chapter, measures of foot and ankle strength and range of
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motion, foot posture and foot deformity and sensorimotor function were considered to
be the independent (‘predictor’) variables, and each of the balance and functional test
were considered to be the dependent variables.

6.4 Statistical analysis
Statistical analysis was undertaken using SPSS version 17.0 (SPSS Corp, Chicago, Ill,
USA) statistical software. Variables with right-skewed distributions were log
transformed. Pearson correlation coefficients were calculated to examine the bivariate
relationship between foot and ankle strength and range of motion measures and the
balance and functional test performance scores. Independent sample t tests were
conducted to assess whether there were differences in the balance and functional test
scores for the dichotomous measure of the presence of hallux valgus. Significance for
all statistical comparisons was set at p=0.05. Hierarchical stepwise multiple regression
analysis was conducted using four blocks. The first block consisted of the foot and
ankle strength and range of motion variables; the second block of the foot posture and
presence of hallux valgus variables; the third block of other sensorimotor factors
associated with balance (vision, proprioception, tactile sensitivity, hand reaction time
and knee extension strength); and finally, age was forced into the model to determine
whether it could explain any more variance in the balance and functional test scores.
Based on the correlation results, only variables found to be significantly associated with
the balance and functional tests were entered into the regression analyses. In addition,
for the first block (strength and range of motion), variables were only entered if they
had a biomechanically plausible relationship to the balance or functional test being
analysed.

The coefficient of determination (R²), which represents the proportion of the total
variation in the test score that is explained by the regression variables, was calculated.
Beta weights and signs for all variables entered into the regression model were also
examined to ensure they made meaningful contributions to the test performance.
Standardised beta weights give an indication of the relative importance of the various
measures entered into the model in explaining variance in the balance and functional
test scores [414].
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6.5 Results
6.5.1 Bivariate correlations between strength and range of
motion variables and balance and functional ability
The correlations between the strength and range of motion tests and the balance and
functional test scores are shown in Tables 6.1 to 6.8. Pearson’s r correlations for each
test are presented as well as the partial r adjusted for age. The majority (67 out of 88) of
the correlations between the foot and ankle strength and range of motion tests and
performance on the balance and functional tests were statistically significant with the
strength variables being more consistently associated than the range of motion
variables. The associations were modest, ranging from 0.11 to 0.41. The foot posture
index was associated with postural sway on the floor and foam, maximum balance
range, alternate step test and walking speed.

Postural sway with the participant standing on the floor was significantly associated
with ankle plantarflexion, ankle inversion, ankle eversion, hallux flexion, knee
extension strength and foot posture. After adjusting for age, the strength of these
associations were only slightly reduced (see Table 6.1).
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Table 6.1 Associations between standing sway on the floor and the strength,
range of motion and foot posture measures
Pearson’s r

Partial r †

Ankle dorsiflexion

-0.099

-0.090

Ankle plantarflexion

-0.121*

-0.113*

Ankle inversion

-0.166**

-0.159**

Ankle eversion

-0.160**

-0.152**

Lesser digits flexion

-0.073

-0.067

Hallux flexion

-0.150**

-0.143*

Knee extension strength

-0.181**

-0.176**

Ankle dorsiflexion, knee extended

-0.040

-0.031

Ankle dorsiflexion, knee flexed

-0.049

-0.044

Ankle inversion-eversion

-0.062

-0.056

1st MTPJ dorsiflexion

-0.010

-0.011

0.123*

0.119*

Strength

Range of motion

Foot Posture
Foot Posture Index

* p<0.05, ** p<0.01, † after adjusting for age
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Postural sway with the participant standing on a medium density foam block was
significantly associated with all the strength, range of motion and foot posture variables
with the exception of 1st MTPJ range of motion. After adjusting for age, lesser digits
plantarflexion strength, ankle dorsiflexion with knee flexed and ankle inversioneversion range of motion were also no longer significant (see Table 6.2).

Table 6.2 Associations between standing sway on foam and the strength, range
of motion and foot posture measures
Pearson’s r

Partial r †

Ankle dorsiflexion

-0.192**

-0.150**

Ankle plantarflexion

-0.230**

-0.189**

Ankle inversion

-0.256**

-0.220**

Ankle eversion

-0.262**

-0.219**

Lesser digits plantarflexion

-0.130*

-0.102

Hallux plantarflexion

-0.177**

-0.142*

Knee extension strength

-0.239**

-0.217**

Ankle dorsiflexion, knee extended

-0.152**

-0.112*

Ankle dorsiflexion, knee flexed

-0.121*

-0.096

Ankle inversion-eversion

-0.129*

-0.104

0.028

0.024

0.172**

0.153**

Strength

Range of motion

st

1 MTPJ dorsiflexion

Foot Posture
Foot Posture Index

* p<0.05, ** p<0.01, † after adjusting for age
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Lateral stability was significantly associated with all the strength variables and with
range of motion for ankle dorsiflexion with the knee flexed. After adjusting for age, the
strength of these associations were only slightly reduced, but remained significant (see
Table 6.3).
Table 6.3 Associations between lateral stability and the strength, range of
motion and foot posture measures
Pearson’s r

Partial r †

Ankle dorsiflexion

-0.217**

-0.186**

Ankle plantarflexion

-0.204**

-0.172**

Ankle inversion

-0.215**

-0.186**

Ankle eversion

-0.226**

-0.192**

Lesser digits plantarflexion

-0.264**

-0.245**

Hallux plantarflexion

-0.281**

-0.256**

Knee extension strength

-0.206**

-0.188**

Ankle dorsiflexion, knee extended

-0.107

-0.076

Ankle dorsiflexion, knee flexed

-0.160**

-0.142*

Ankle inversion-eversion

-0.021

0.002

1st MTPJ dorsiflexion

-0.100

-0.105

0.049

0.031

Strength

Range of motion

Foot Posture
Foot Posture Index

* p<0.05, ** p<0.01, † after adjusting for age

153

Maximum balance range was significantly associated with ankle plantarflexion strength,
ankle eversion strength, the range of motion variables of ankle dorsiflexion with the
knee extended and knee flexed and ankle inversion-eversion, as well as the Foot Posture
Index. After adjusting for age, the strength and foot posture variables were no longer
significant (see Table 6.4).
Table 6.4 Associations between maximum balance range and the strength, range
of motion and foot posture measures
Pearson’s r

Partial r †

Ankle dorsiflexion

0.090

0.027

Ankle plantarflexion

0.158**

0.098

Ankle inversion

0.079

0.018

Ankle eversion

0.119*

0.050

Lesser digits plantarflexion

-0.004

-0.050

Hallux plantarflexion

0.041

-0.015

Knee extension strength

0.054

0.015

Ankle dorsiflexion, knee extended

0.129*

0.076

Ankle dorsiflexion, knee flexed

0.181**

0.152**

Ankle inversion-eversion

0.317**

0.295**

1st MTPJ dorsiflexion

0.063

0.072

-0.123*

-0.097

Strength

Range of motion

Foot Posture
Foot Posture Index

* p<0.05, ** p<0.01, † after adjusting for age
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Coordinated stability was significantly associated with all the strength and range of
motion variables except 1st MTPJ dorsiflexion and ankle inversion-eversion range of
motion. After adjusting for age, the strength of these associations were only slightly
reduced, but remained significant (see Table 6.5).

Table 6.5 Associations between coordinated stability and the strength, range of
motion and foot posture measures
Pearson’s r

Partial r †

Ankle dorsiflexion

-0.319**

-0.284**

Ankle plantarflexion

-0.262**

-0.224**

Ankle inversion

-0.339**

-0.307**

Ankle eversion

-0.340**

-0.302**

Lesser digits plantarflexion

-0.352**

-0.332**

Hallux plantarflexion

-0.353**

-0.327**

Knee extension strength

-0.296**

-0.277**

Ankle dorsiflexion, knee extended

-0.198**

-0.162**

Ankle dorsiflexion, knee flexed

-0.240**

-0.220**

Ankle inversion-eversion

-0.101

-0.076

-0.063

-0.069

0.050

0.028

Strength

Range of motion

st

1 MTPJ dorsiflexion

Foot Posture
Foot Posture Index

* p<0.05, ** p<0.01, † after adjusting for age
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Performance in the alternate step test was significantly associated with all the strength,
range of motion and foot posture variables except 1st MTPJ dorsiflexion. After adjusting
for age, the strength of these associations were only slightly reduced, except for the 1st
MTPJ dorsiflexion where the association slightly increased. This resulted in the
association becoming significant as the p value changed from 0.067 to 0.048 (see Table
6.6).

Table 6.6 Associations between alternate step test and the strength, range of
motion and foot posture measures
Pearson’s r

Partial r †

Ankle dorsiflexion

-0.377**

-0.342**

Ankle plantarflexion

-0.411**

-0.378**

Ankle inversion

-0.320**

-0.284**

Ankle eversion

-0.334**

-0.292**

Lesser digits plantarflexion

-0.260**

-0.235**

Hallux plantarflexion

-0.287**

-0.254**

Knee extension strength

-0.263**

-0.240**

Ankle dorsiflexion, knee extended

-0.230**

-0.192**

Ankle dorsiflexion, knee flexed

-0.270**

-0.250**

Ankle inversion-eversion

-0.235**

-0.212**

1st MTPJ dorsiflexion

-0.105

-0.113*

0.141*

0.120*

Strength

Range of motion

Foot Posture
Foot Posture Index

* p<0.05, ** p<0.01, † after adjusting for age
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Walking speed was significantly associated with all the strength, range of motion and
foot posture variables except 1st MTPJ dorsiflexion. After adjusting for age, the strength
of these associations were only slightly reduced with the Foot Posture Index no longer
significantly associated with walking speed (see Table 6.7).

Table 6.7 Associations between walking speed and the strength, range of
motion and foot posture measures
Pearson’s r

Partial r †

Ankle dorsiflexion

0.232**

0.185**

Ankle plantarflexion

0.258**

0.213**

Ankle inversion

0.179**

0.132*

Ankle eversion

0.207**

0.152**

Lesser digits plantarflexion

0.187**

0.157**

Hallux plantarflexion

0.205**

0.165**

Knee extension strength

0.182**

0.154**

Ankle dorsiflexion, knee extended

0.187**

0.144*

Ankle dorsiflexion, knee flexed

0.283**

0.262**

Ankle inversion-eversion

0.285**

0.263**

0.035

0.041

-0.122*

-0.099

Strength

Range of motion

st

1 MTPJ dorsiflexion

Foot Posture
Foot Posture Index

* p<0.05, ** p<0.01, † after adjusting for age
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Performance in the sit to stand test was significantly associated with all the strength and
range of motion variables except ankle inversion-eversion. After adjusting for age, the
strength of these associations were only slightly reduced (see Table 6.8).

Table 6.8 Associations between sit to stand and the strength, range of motion
and foot posture measures
Pearson’s r

Partial r †

Ankle dorsiflexion

-0.375**

-0.363**

Ankle plantarflexion

-0.336**

-0.322**

Ankle inversion

-0.279**

-0.264**

Ankle eversion

-0.308**

-0.292**

Lesser digits plantarflexion

-0.355**

-0.345**

Hallux plantarflexion

-0.404**

-0.393**

Knee extension strength

-0.291**

-0.281**

Ankle dorsiflexion, knee extended

-0.201**

-0.185**

Ankle dorsiflexion, knee flexed

-0.262**

-0.252**

Ankle inversion-eversion

-0.063

-0.050

-0.184**

-0.187**

-0.053

-0.064

Strength

Range of motion

st

1 MTPJ dorsiflexion

Foot Posture
Foot Posture Index

* p<0.05, ** p<0.01, † after adjusting for age
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Table 6.9 shows the independent sample t-tests for the relationship between the
presence of hallux valgus and performance on the balance and functional test scores.
Performance in the lateral stability and coordinated stability tests were significantly
worse in participants with hallux valgus.

Table 6.9 Balance and functional test scores according to presence of hallux valgus
Hallux valgus
Test

Better
performance

Present (n=122)

Absent (n=183)

Postural sway on floor, mm²‡

Lower score

120.98 (131.13)

129.57 (190.58)

Postural sway on foam, mm²‡

Lower score

247.59 (249.14)

213.13 (197.32)

Lateral stability, mm‡

Lower score

70.47 (48.40)

54.72 (37.65)*

Maximum balance range, mm

Higher score

108.77 (32.13)

114.62 (30.24)

Coordinated stability, errors‡

Lower score

11.24 (8.66)

8.66 (7.85)*

Alternate step test, s‡

Higher score

12.15 (4.45)

11.49 (3.88)

Walking speed, m/s.

Higher score

0.95 (0.21)

0.96 (0.20)

Sit to stand, s‡

Lower score

13.60 (4.27)

13.25 (4.42)

Note: *p<0.05, ‡Log transformed

6.5.2 Multiple regression analyses
Table 6.10 shows the results of the hierarchical stepwise multiple regression analyses to
identify which variables were predictive of performance on each of the balance and
functional tests.

One or more of the foot and ankle test scores were found to be independent predictors
of each of the tests. The most consistent strength variable with significant associations
across the balance and functional tests was hallux plantarflexion strength, which was a
predictor in five tests and exhibited the highest beta weight for coordinated stability, sit
to stand and lateral stability. Ankle inversion-eversion range of motion was the most
consistent range of motion variable being a predictor in five tests and exhibiting the
highest beta weight for the six metre walk and the maximum balance test. Tactile
sensitivity and contrast sensitivity were the sensorimotor variables that most commonly
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explained further variance in the test scores. The inclusion of age only explained further
variance in half the tests. The amount of variance explained by the regression models
ranged from 2% (for postural sway on the floor) to 25% (for the alternate step and sit to
stand tests).
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Table 6.10 Results of the hierarchical multiple regression analyses

Test

Predictor Variable

Postural sway, floor

Ankle Inversion strength

Beta
weights
-0.166†

Postural sway, foam

Ankle eversion strength
Ankle inversion-eversion ROM
Foot Posture Index
Contrast sensitivity
Age

-0.262†
-0.112*
0.137*
-0.157†
0.128*

Hallux plantarflexion strength
Tactile sensitivity
Contrast sensitivity

-0.281†
0.224†
-0.114*

Ankle inversion-eversion ROM
Ankle plantarflexion strength
Contrast sensitivity
Tactile sensitivity
Age

0.317†
0.143†
0.170†
-0.113*
-0.208†

Hallux plantarflexion strength
Ankle inversion-eversion ROM
Lesser digits plantarflexion strength
Tactile sensitivity
Contrast sensitivity

-0.353†
-0.174†
-0.188*
0.174†
-0.127*

0.157
0.183
0.196

Ankle plantarflexion strength
Ankle inversion-eversion ROM
Hallux plantarflexion strength
Tactile sensitivity
Age

-0.411†
-0.216†
-0.148*
0.151†
0.116*

0.221
0.240
0.250

Ankle inversion-eversion ROM
Hallux plantarflexion strength
Ankle plantarflexion strength
Tactile sensitivity
Age

0.285†
0.268†
0.134*
-0.178†
-0.157†

0.153
0.180
0.200

Hallux plantarflexion strength
Ankle dorsiflexion ROM, knee flexed
Tactile sensitivity

-0.404†
-0.176†
0.264†

0.187
0.251

Lateral stability, M-L

Maximum balance range

Coordinated stability

Alternate step test

Walking speed

Sit to stand

Note: *p<0.05, †p<0.01, ROM=Range of motion; M-L=Medio-lateral

Adjusted R²
0.024

0.075
0.090
0.110
0.121
0.076
0.131

0.115
0.148
0.183
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Postural sway with the participant standing on the floor was predicted by only one
variable, ankle inversion strength. This variable explained 2% of the variance in this
parameter. Adding the sensorimotor variables into the equation made no difference to
the model nor did forcing age into the model.

Postural sway with the participant standing on foam was predicted by ankle eversion
strength and ankle inversion-eversion range of motion which explained 8% of the
variance in this parameter. The variance was increased to 9% by the inclusion of the
Foot Posture Index. Adding the sensorimotor variables into the equation increased the
multiple r2 value to 11% with tactile sensitivity and contrast sensitivity being significant
predictors. Forcing age further increased the variance explained to 12%.

Lateral stability was predicted by hallux plantarflexion strength. This variable explained
8% of the variance in this parameter. Including the sensorimotor variables the multiple
r2 value increased to 13% with tactile sensitivity and contrast sensitivity being
significant predictors. Forcing age into the equation made no difference to the model.

Maximum balance was predicted by ankle inversion-eversion range of motion and ankle
plantarflexion strength. These two variables explained 12% of the variance in this
parameter. Adding the sensorimotor variables into the equation increased the multiple r2
value to 15% with tactile sensitivity and contrast sensitivity being significant predictors.
Forcing age further increased the variance explained to 18%.

Coordinated stability was predicted by hallux plantarflexion strength, ankle inversioneversion range of motion and lesser digits plantarflexion strength. These three variables
explained 16% of the variance in this parameter. Including the sensorimotor variables
into the equation increased the multiple r2 value to 20% with tactile sensitivity and
contrast sensitivity being significant predictors. Forcing age into the equation made no
difference to the model.

Performance in the alternate step test was predicted by ankle plantarflexion strength,
ankle inversion-eversion range of motion and hallux plantarflexion strength. These three
variables explained 22% of the variance in this parameter. Adding the sensorimotor
variables into the equation increased the multiple r2 value to 24% with tactile sensitivity
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being a significant predictor. Forcing age further increased the variance explained to
25%.

Walking speed was predicted by ankle inversion-eversion range of motion, hallux
plantarflexion strength and ankle plantarflexion strength. These three variables
explained 15% of the variance in this parameter. Adding the sensorimotor variables into
the equation increased the multiple r2 value to 18% with tactile sensitivity being a
significant predictor. Forcing age further increased the variance explained to 20%.

Performance in the sit to stand test was predicted by hallux plantarflexion strength and
ankle dorsiflexion range of motion with the knee flexed. These two variables explained
19% of the variance in this parameter. Including the sensorimotor variables into the
equation increased the multiple r2 value to 25% with tactile sensitivity being an
additional significant predictor. Forcing age into the equation made no difference to the
model.

6.6 Discussion
6.6.1 Foot and ankle strength and performance in balance and
functional tests
Regression analysis identified hallux plantarflexion strength as the strength variable
which was most consistently an independent predictor of performance in the balance
and functional tests, adding to the variance explained in five of the eight tests. Despite
differences in measurement techniques used, the significant contribution of hallux
plantarflexion strength is consistent with previous studies that have reported
associations in older people between toe plantarflexor strength and maximum balance
range [435], postural sway [459] and leaning balance tests and functional measures
[122]. These associations may have important implications for older people, as it has
recently been shown that toe plantarflexion strength is also an independent predictor of
falls [14, 15].
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Ankle plantarflexion strength was identified as an independent predictor of performance
in the alternate step test, maximum balance range and walking speed. While impaired
ankle plantarflexion strength has been reported in older people [325, 420], one study of
48 community-dwelling older people (mean age 75.5 years) has also identified it as an
independent predictor of performance in functional ability tests of stooping, crouching
and kneeling [133]. However, previous studies have found ankle dorsiflexion strength to
be an independent predictor of performance of walking [128], sit to stand [132] and
clinical tests of balance including postural sway [62] and maximum balance range
[122], although in all these studies ankle plantarflexion strength was not recorded. As
ankle dorsiflexors and plantarflexors are mutual antagonists the consistency of findings
that both are predictors of performance in balance and functional tests balance is
plausible.

6.6.2 Foot and ankle range of motion and performance in
balance and functional tests
Ankle inversion-eversion range of motion was found to be the most consistent range of
motion variable that independently predicted performance on the balance and functional
tests. This is consistent with Mecagni et al [134], who reported that ankle inversion
range of motion was associated with scores on the functional reach test and the
Performance-Oriented Mobility Assessment in a sample of 34 older women (mean age
74.7 years). It has also been reported that impaired ankle dorsiflexion range of motion
has relevance to standing balance and walking, as the available range of the body’s
centre of mass on the base of support is decreased [330]. The results from this study
indicate the same may be true in regard to ankle inversion-eversion range of motion and
the limits of stability in the medio-lateral direction. This has been suggested in
biomechanical modelling studies which have shown that the control of medio-lateral
stability in both unipedal standing [180] and walking [458] are influenced by the degree
of frontal plane control of the subtalar/ankle joint complex.
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6.6.3 Sensorimotor, foot posture and hallux valgus variables
and performance in balance and functional tests
The addition of sensorimotor factors explained more variance in all the balance and
functional tests except the postural sway on the floor test. Tactile sensitivity and
contrast sensitivity were the variables most frequently and strongly associated with
performance in the balance and functional tests. This is consistent with previous
evaluations of these variables as determinants of postural sway [62], sit to stand [132]
and walking speed [128]. Interestingly, knee extension strength was not found to be a
significant independent predictor in the regression models despite previous studies
identifying it as determinant of postural sway [62], sit to stand [132] and walking speed
[128]. A possible explanation for this is that it did not explain any additional variance
over the foot and ankle strength measures included in the first block of regression
analysis.

Foot posture was found to be a significant independent predictor for postural sway on
the foam with a more pronated (flatter) foot corresponding to poorer performance.
While foot posture has been identified as a predictor of balance or functional ability in
younger persons [370, 460], this was not found to be the case in the study by Menz et al
[122] on older people. This discrepancy may be due to the fact that the Menz et al study
did not have foot pain as an inclusion criteria (possibly resulting in sample group
differences in relation to foot posture) or difference in measurement method with Menz
et al using the now obsolete 8 criteria FPI [461] compared to the more recent 6 criteria
FPI [377].

Hallux valgus was found to be correlated with performance in the lateral stability and
coordinated stability tests. This concurs with a previous study of 135 communitydwelling older people (mean age 78.9 years) which also found a significant correlation
between hallux valgus and performance in the coordinated stability test [121]. In the
hierarchical regression analysis, hallux valgus was not found to be an independent
predictor of performance in any of the balance and functional tests suggesting that the
lateral deviation of the hallux is not as important as the strength and/or mobility of the
hallux. While the importance of hallux strength has already been reported in this study,
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the range of motion of the 1st MTPJ appears to have minor relevance, being poorly
correlated with all of the tests except the sit to stand and alternate step tests.

6.6.4 Comparison to similar studies and study limitations
The findings of this study are comparable to a previous study by Menz et al [122] which
investigated 176 retirement village residents (mean age 80.1 years) and compared
balance and functional ability to a range of foot and ankle characteristics. Menz et al
reported the strength of the toe plantarflexors and ankle dorsiflexion range of motion to
be significantly associated with balance and functional ability. However, Menz et al
conducted a smaller number of strength and range of motion tests than this study, and
used a subjective test (paper grip test [462]) to assess toe plantarflexor strength. The
amount of explained variance in the Menz et al study was in the range of 11 to 59%,
which is considerably higher than the 2 to 25% reported here. Other studies on older
people using multiple regression have also found higher explained variance for sit to
stand (31%) [132], walking speed (34%) [128] and postural sway (24% standing on the
floor and 31% standing on foam) [62]. An explanation for this may be the different
sample groups, with the Menz et al sample being older (mean 80.1 years versus 73.9
years), more active (incidental activity < 1 hour/day of 19% versus 43%) and residing in
a retirement village rather than the general community.

It is clear that in spite of the significant associations described, much of the variance in
the balance and functional tests remains unaccounted for (between 75% and 98%). This
may be because the participants were required to have foot pain and an elevated risk of
falling, resulting in greater homogeneity than previous studies. Alternatively other
relevant sensorimotor factors such as vestibular function or foot pain were either not
assessed or not included in the model, or that the measures used were too insensitive to
detect subtle but significant impairments in the musculoskeletal and sensory systems.

Despite these limitations, the results have potentially important implications for older
people. Given that improvements in muscle strength have been shown to improve
balance [463] and functional ability [278] in older people, there may be a role for
exercise interventions to increase toe strength, thereby improving balance. Only two
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such studies have been undertaken to date; a trial of 19 older people indicating that toe
grasping exercises improve standing balance [295] and more recently, a trial of 56 older
people reporting that the addition of toe grasping and tip-toe walking exercises to a
general exercise and balance programme had no additional benefit on gait and
functional ability [293]. In addition, the importance of ankle inversion-eversion range of
motion was highlighted and one trial has reported improvements in balance associated
with increasing ankle dorsiflexion range of motion [298]. Further investigation into the
potential for foot and ankle exercises to improve balance and functional ability in older
people appears warranted.

In summary, the analysis outlined in this chapter identified the foot and ankle strength
and range of motion characteristics that are important determinants of balance and
functional ability in older people, particularly plantarflexor strength of the hallux and
ankle inversion-eversion range of motion. While lower limb strength and range of
motion would appear to be important predictors of performance in balance and
functional ability tests, it is acknowledged that a large proportion of the variance
remains unexplained. However, there is some evidence that the strength and range of
motion predictors are modifiable with intervention, indicating that programmes that
include strengthening and stretching exercises for the foot and ankle may achieve
improvements in balance and functional ability for older people.
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CHAPTER 7

Predictors of adherence to a
multifaceted podiatry intervention for
the prevention of falls in older people
7.1 Introduction
This chapter describes an analysis of the adherence to a multifaceted podiatry
intervention for the prevention of falls in older people. It examines the adherence, the
barriers to adherence and the predictors of adherence for each component of the
intervention from the randomised trial described in Chapter 3 (with results reported in
Chapters 8 and 9). A manuscript based on this study has been accepted for publication
in BMC Geriatrics.

7.2 Background
Several interventions have been developed that have successfully reduced the rate of
falls in older people, including exercise, home modifications in those with visual
impairment, cataract surgery, and withdrawal of psychotropic medications [86, 260,
284, 464]. However, it has been noted in some falls prevention programmes, that to be
effective, high levels of adherence to the intervention are required [284, 465]. Previous
fall prevention studies have found that adherence rates vary depending on the type of
intervention, ranging from 42 to 87% for exercise [283, 314], 50% for home
modifications [466], and as low as 35% for withdrawal of psychotropic medications
[86].

Identification of older people who are most likely to adhere to intervention
recommendations would assist in the effective targeting of fall prevention programmes
and may help target those who need greater support to implement recommended
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interventions. Several factors have been associated with greater adherence to
interventions for preventing falls, such as male sex [138], living with others (compared
with living alone) [138], having a caregiver [138, 466], believing that interventions are
effective in preventing falls [466], infrequent feelings of loneliness [467], low selfperceived probability of falling [467] and better physical and cognitive abilities [467].

The randomised trial conducted as part of this thesis used three main interventions: (i)
foot orthoses, (ii) footwear advice and footwear cost subsidy and (iii) home-based foot
and ankle exercises. The aims of this chapter were to examine the adherence, barriers to
adherence and predictors of adherence for each component of the intervention.

7.3 Methods
7.3.1 Participants
The sample for the study described here consisted of all participants randomised to the
intervention group (n=153) in the multifaceted podiatry intervention to prevent falls
trial. Baseline characteristics of this group are described in detail in Chapter 5. There
were 47 men and 106 women aged 65 to 91 years (mean age 74.2 years, SD 6.0 years).

7.3.2 Methods
The trial protocol is described in detail in Chapter 3. To evaluate adherence to the
exercise intervention, participants were provided at baseline with a daily exercise diary
to document each day they completed the exercise programme (Appendix 12). They
were also provided with postage-paid envelopes and instructed to return the exercise
diary each month. Participants were classified as having adhered to the exercise
programme if they reported completing 50% or more of the recommended 30 minute,
thrice weekly exercise sessions. For orthoses and footwear adherence, participants were
asked at the six months follow-up assessment how often they wore the orthoses and the
new footwear (“most of the time”, “some of the time”, “a little of the time” or “none of
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the time). Participants who reported wearing the orthoses or new footwear “most of the
time” or “some of the time” were considered to be adherent.

7.4 Statistical analysis
The data were analysed using SPSS version 17.0 (SPSS Corp, Chicago, Ill, USA).
Comparisons between participants who adhered to recommendations (“adherers”) and
those who did not (“non-adherers”) were determined separately for each of the three
interventions using the chi-square statistic for dichotomous variables and independent
samples t-tests for continuous variables. Variables found to significantly differ between
adherers and non-adherers were then entered into a discriminant function analysis
model to determine their relative importance in predicting group membership, as well as
to establish the most important determinants of adherence for each intervention (Wilks’
λ). Significance for all statistical comparisons was set at p=0.05.

7.5 Results
7.5.1 Intervention adherence
Adherence for each intervention is shown in Table 7.1. At baseline, 50 participants
(33%) in the intervention group were using foot orthoses. A total of 103 participants
(67%) were issued with foot orthoses as part of the intervention. Of these, 16
participants (15%) were lost to follow-up and 87 participants (85%) attended the
follow-up assessment, with 71 (69%) being adherent to the orthoses intervention.

There was a relatively low need to provide new footwear with 41 participants (27%)
identified as having inappropriate footwear at the baseline assessment. Of these, 3
participants (7%) were lost to follow-up and of the 38 participants who attended the
follow-up assessment, 22 (54%) were adherent to the footwear intervention.

All 153 participants in the intervention group were issued the foot and ankle exercise
programme, of which 149 (97%) completed six months of the exercise programme. Of
these, 109 (72%) were adherent to the exercise intervention. The group completed 68%
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of the total number of exercise sessions, although adherence declined steadily over the
six months of the trial with 83% of the total requested exercise sessions being
completed in the first month and 53% in the last month (Figure 7.1).

Table 7.1 Adherence to each of the three interventions. Values are n (%)

Orthoses (n=103)
Wore most of the time

57 (55)

Wore some of the time

14 (14)

Wore a little of the time

8 (8)

Wore none of the time

8 (8)

Lost to follow-up

16 (15)

Overall adherence

71 (69)

Footwear (n=41)
Wore most of the time

15 (37)

Wore some of the time

7 (17)

Wore a little of the time

3 (7)

Wore none of the time

1 (3)

Did not purchase footwear

12 (29)

Lost to follow-up

3 (7)

Overall adherence

22 (54)

Exercise (n=153)
Completed > 75% of sessions

80 (52)

Completed 50 to 74% of sessions

29 (19)

Completed 25 to 49% of sessions

24 (16)

Completed 0 to 24% of sessions

16 (10)

Withdrew from study
Overall adherence

4 (3)
109 (72)

% completed exersie sessions
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Figure 7.1 Percentage of monthly completed exercise sessions

7.5.2 Barriers to adherence
The reasons for non-adherence are shown in Table 7.2. Participants who were unable to
fit the orthoses in the shoes they wished to wear (56%) or who found the orthoses to be
uncomfortable (38%) accounted for the majority of non-adherence with the use of the
orthoses. Non-adherence to the footwear intervention was mostly due to participants
declining to purchase new footwear (76%). Of those who did purchase footwear, nonadherence was due to the footwear being uncomfortable (12%) or not appropriate for
the time of year (12%). The main reasons given for failing to complete the exercise
sessions were poor general health (18%), a pre-existing condition/limitation (18%) and
lack of time (15%).
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Table 7.2 Reasons given for non-adherence. Values are n (%)

Orthoses (n=16/87)
Orthoses did not fit in shoes that were being worn

9 (56)

Orthoses uncomfortable

6 (38)

Underwent foot surgery

1 (6)

Footwear (n=16/38)
Footwear uncomfortable

2 (12)

Footwear purchased were wrong for the season

2 (12)

Declined to purchase new footwear

12 (76)

Exercise (n=40/149)
Poor general health

7 (18)

Pre-existing condition or limitation

7 (18)

Lack of time

6 (15)

Exercises are too painful

3 (7)

Lack of motivation

2 (5)

Surgery/injury

2 (5)

Other reason

3 (7)

No reason given

2 (5)

Lost to follow-up

8 (20)

7.5.3 Predictors of adherence
Variables considered as potential predictors of adherence for participants who did and
did not adhere are shown in Table 7.3. With the orthoses intervention, age was the only
variable that significantly discriminated between adherers and non-adherers, with lower
age being associated with better adherence. A significant difference was found between
participants who adhered to recommendations compared to non-adherers for the SF-12
physical score for both the footwear intervention and the exercise intervention with a
higher score (i.e. better health status) being associated with better adherence. For the
footwear intervention, greater adherence was also associated with less fear of falling
(determined by a lower FES-I score).
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Table 7.3 Comparisons of baseline characteristics between adherers and non-adherers used in prediction analysis. Values are mean (SD) unless
otherwise stated
Orthoses (n=87)
Characteristics
Age, yrs
Gender, n (%)
Male
Female
BMI, kg/m²
University education, n (%)
Yes
No
Fall in last 12 months, n (%)
Yes
No
PPA score †
MFPDI pain scale ‡
MFPDI function scale β
SF12 Physical δ
SF12 Mental δ
FES-I ϕ
Physical Activity, hrs/week
Incidental Activity, hrs/week
Heel pain, n (%)
Yes
No

Footwear (n=38)

Exercise (n=149)

Adherers (n=71)

Non-adherers (n=16)

Adherers (n=22)

Non-adherers (n=16)

Adherers (n=109)

Non-adherers (n=40)

73.0 (5.6)*

76.9 (5.7)

74.0 (6.0)

77.6 (7.4)

73.9 (6.1)

74.8 (6.0)

27 (38)
44 (62)
29.8 (5.1)

2 (12)
14 (88)
28.4 (4.0)

2 (9)
20 (91)
28.6 (4.5)

2 (12)
14 (88)
27.5 (4.9)

33 (30)
76 (70)
29.4 (5.1)

12 (30)
28 (70)
29.6 (4.9)

11 (15)
60 (85)

1 (6)
15 (94)

5 (23)
17 (77)

1 (6)
15 (94)

14 (13)
95 (87)

4 (10)
36 (90)

42 (59)
29 (41)
1.1 (0.8)
4.1 (1.9)
8.1 (4.3)
39.9 (10.3)
50.1 (10.6)
12.6 (3.9)
36.3 (14.7)
32.7 (15.0)

7 (44)
9 (56)
1.5 (1.3)
3.7 (2.3)
6.4 (4.0)
36.0 (10.5)
49.3 (12.0)
14.3 (3.8)
36.8 (14.7)
33.5 (14.4)

11 (50)
11 (50)
1.7 (0.8)
4.2 (1.8)
9.2 (3.9)
41.8 (8.0)*
50.2 (9.3)
13.2 (4.2)*
37.4 (11.5)
33.3 (11.5)

8 (50)
8 (50)
1.6 (1.3)
3.6 (2.1)
8.8 (5.2)
34.8 (8.9)
43.2 (11.4)
16.4 (3.6)
35.3 (14.3)
32.7 (14.3)

61 (56)
48 (44)
1.3 (0.9)
3.9 (2.0)
7.9 (4.2)
40.1 (10.6)*
49.9 (10.6)
12.8 (3.9)
38.1 (14.8)
34.5 (14.9)

19 (48)
21 (52)
1.3 (0.9)
3.8 (1.9)
8.3 (4.8)
35.1 (7.6)
51.3 (12.8)
13.9 (3.9)
33.8 (15.8)
31.1 (15.4)

24 (34)
47 (66)

4 (25)
12 (75)

6 (27)
16 (73)

6 (37)
10 (63)

39 (36)
70 (64)

19 (47)
21 (53)
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Table 7.3, continued Comparisons of baseline characteristics between adherers and non-adherers used in prediction analysis.
Orthoses (n=87)
Characteristics
Arch of foot pain, n (%)
Yes
No
Forefoot pain, n (%)
Yes
No
Toe pain, n (%)
Yes
No
Hallux valgus, n (%)
Yes
No

Footwear (n=38)

Exercise (n=149)

Adherers (n=71)

Non-adherers (n=16)

Adherers (n=22)

Non-adherers (n=16)

Adherers (n=109)

Non-adherers (n=40)

32 (45)
42 (53)

3 (19)
42 (61)

11 (50)
39 (55)

7 (44)
13 (81)

49 (45)
60 (55)

16 (40)
24 (60)

47 (59)
33 (41)

46 (67)
23 (33)

42 (59)
29 (41)

10 (63)
6 (37)

65 (60)
44 (40)

28 (70)
12 (30)

56 (70)
24 (30)

50 (73)
19 (27)

53 (75)
18 (25)

14 (88)
2 (12)

78 (72)
31 (28)

28 (70)
12 (30)

33 (41)
47 (59)

25 (36)
44 (64)

23 (32)
48 (68)

6 (37)
10 (63)

42 (39)
67 (61)

16 (40)
24 (60)

Note: * significant difference between adherers and non-adherers, p<0.05
† no fixed range with higher score indicating better performance
‡ possible score ranges from 0 to 10 with lower score indicating better performance
β possible score ranges from 0 to 20 with lower score indicating better performance
δ possible score ranges from 0 to 100 with higher score indicating better performance
ϕ possible score ranges from 7 to 28 with lower scores indicating better performance
PPA=Physiological Profile Assessment, MFPDI=Manchester Foot Pain and Disability Index, SF-12=Short Form-12, FES-I=Falls Efficacy Scale-International
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The discriminant function analyses are presented in Table 7.4. For the orthoses
intervention, age classified participants into the adherent or non-adherent group with an
accuracy of 62.1% following validation (Wilks’ λ = 0.93; p=0.014). For the footwear
intervention, the combination of the SF-12 physical score and the FES-I classified
participants into the adherent or non-adherent group with an accuracy of 68.4%
following validation (Wilks’ λ = 0.78; p=0.014). For the exercise intervention, the SF12 physical score classified participants into the adherent or non-adherent group with an
accuracy of 63.1% following validation (Wilks’ λ = 0.95; p=0.007).
Table 7.4 Results of discriminant function analyses

Predictor variables*

Orthoses

Footwear

Exercise

Age (1.00)

SF-12 Physical (0.63)

SF-12 Physical (1.00)

FES-I (-0.62)
Wilks’ λ
Canonical correlation
Classification accuracy‡

0.93 (p=0.014)†

0.78 (p<0.014)†

0.95 (p=0.007)†

0.26

0.47

0.22

62.1% (62.1%)

71.1% (68.4%)

63.1% (63.1%)

Note: *Significant predictor variables shown, standardised discriminant function coefficients (in brackets).
†p<0.05
‡Percentage of cases correctly classified with cross-validated classification accuracy (in brackets)
SF-12=Short Form-12, FES-I=Falls Efficacy Scale-International

7.6 Discussion
7.6.1 Adherence
Adherence to the three components of the podiatry-related falls prevention interventions
in this study varied, with high adherence for foot orthoses (69% classified as adherent)
and intermediate levels of adherence for footwear (54%) and exercise (72%).

There are no previous studies that have reported adherence to the use of foot orthoses in
older people, although high adherence has been reported in younger people,
sportspeople and people with foot symptoms [189]. The level of adherence (69%) for
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the use of orthoses found in this study suggests that the prefabricated orthoses used
were well tolerated and are therefore a suitable intervention for future research into
investigating foot-related problems in older people. However, footwear suitability needs
to be carefully considered, as the most frequently reported reason for non-adherence
was difficulty accommodating the orthoses in existing footwear.

There are no previous studies that have reported adherence to a footwear intervention in
older people at risk of falling. Low adherence to a footwear intervention has been
reported in a study of 50 people aged 37 to 81 years (mean age 60 years) with diabetes
where only 22% regularly wore their prescribed footwear [468]. This is considerably
lower than the 54% found in the study reported in this thesis. This discrepancy may be
due to the participants in the diabetes study having no choice in the style of shoe they
were issued with a resultant reporting of a “dislike” for the style of shoe.

While direct comparisons are difficult due to variations in the definition of adherence,
method of reporting and exclusion of dropouts across trials, the level of adherence to the
exercise programme reported here is comparable to previous exercise-based
interventions in older people [463]. The progressively declining rate of adherence over
time observed in this trial, where 83% of the total requested exercise sessions were
completed in the first month and 53% in the last month, has also been reported
previously [469]. This is despite the participants being contacted by telephone at a
number of intervals by the researchers to promote adherence to the program, indicating
that further strategies are required to maintain adherence over the longer term.

7.6.2 Barriers to adherence
Reasons for non-adherence to a foot orthotic intervention have not been reported
previously. However, this trial identified that footwear suitability needs to be carefully
considered, as the most frequently reported reason for non-adherence was difficulty
accommodating the orthoses in existing footwear (56%). The devices were correctly
fitted in the footwear the participants presented with at baseline and they were requested
to wear the orthoses and footwear as often as possible. Further, they were instructed on
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how to transfer the orthoses to different footwear. However, it was not possible to
ensure the orthoses fitted in all the participants’ footwear.

In regard to footwear, this study concurs with several previous studies that have
reported the reluctance of older people to change their footwear to improve foot health
or to reduce the risk of falling [468, 470, 471]. Of those who were non-adherent to the
footwear intervention, 76% declined to buy new footwear, despite receiving advice as to
the potential hazards of their footwear as well as being provided with a voucher to
partly cover the costs. This reluctance has previously been attributed to the unique role
of footwear as both an item of clothing and a health-related intervention [472]. Given
the somewhat conflicting requirements of aesthetics and function, it is likely that full
adherence to footwear interventions will continue to be difficult to achieve, particularly
in older women.

Several barriers to undertaking exercise were identified and some, such as lack of time
and having a pre-existing condition that may make exercising uncomfortable, have been
identified as barriers in previous studies [473, 474]. It has been reported that the
strongest motivators of adherence to exercise are self-efficacy (the concept that a person
is capable of performing a course of action to attain a desired outcome) and outcome
expectation (the belief that specific consequences will result from specific personal
actions) [473, 475]. While these factors were not directly evaluated, it is probable that
they exerted an influence in this study. The sample may have been biased towards
volunteers with a heightened interest in and commitment to the intervention, as another
195 people who initially expressed interest in the study declined participation at study
entry, primarily due to a reluctance to commit to the extended study period (Chapter 5).
Furthermore, none of the participants who completed the trial indicated that the reason
for failing to complete the exercise sessions was that they did not feel the exercises were
beneficial.

7.6.3 Predictors of adherence
Few strong predictors of adherence were identified, although some evidence was found
that people with better physical abilities, a lower fear of falling and participants with a
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younger age were more likely to adhere to the recommended interventions. This is
consistent with previous studies. The absence of strong predictors of adherence has been
reported in a number of other fall prevention trials [466, 467, 476]. Similarly, previous
studies have shown that those who have a history of regular exercise and better general
health are more likely to adhere to exercise [467, 475, 477]. This indicates that the
participants with the poorest physical function, and thus those who may benefit most
from the interventions, are also those who are most likely to have poor adherence.
Consequently, some participants may have benefited more if they were identified early
as potential non-adherers and encouraged to continue participation. This has
implications for the development and implementation of pre-intervention screening to
identify non-adherers and develop strategies to maximise their participation.

The translation of falls prevention interventions into clinical practice appears difficult
and requires further investigation. Previous studies indicate that many older people
attribute falls to environmental factors [478] and even though they may recognise the
relevance of falls prevention recommendations addressing physiological factors, they
believe such recommendations to be useful for people other than themselves [478, 479].
Furthermore, it has also been reported that some older people consider falls to be
inevitable [479], which suggests that messages to promote health and independence
may be more effective than advice on strategies to specifically prevent falls [479, 480].

7.6.4 Limitations
There are some limitations associated with this study. Firstly, as previously mentioned,
the sample may have been biased towards volunteers with a heightened interest and
commitment in the intervention. Secondly, adherence to the interventions was reliant on
self-report by participants and the accuracy of this information could not be verified.
Finally, care needs to be taken in generalising these findings, as all participants were
living independently in the community, had foot pain and an increased risk of falling,
and regularly accessed podiatry services. Whether the same adherence would be
achieved in residential care settings or in older people without foot pain requires further
investigation.
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7.6.5 Conclusion
In older people with disabling foot pain and an increased risk of falling, adherence to a
multifaceted podiatry intervention was found to be 69% for foot orthoses, 54% for
footwear and 72% for exercise. Few strong predictors of adherence were identified,
although participants with better physical health, less fear of falling and a younger age
exhibited greater adherence. Further research is required to maximise adherence with
recommended multifaceted podiatry falls prevention interventions, particularly in frailer
older people who are at greater risk of falls.

180

CHAPTER 8

Effect of intervention on secondary
outcome measures
8.1 Introduction
The aim of this thesis is to determine the effectiveness of a multifaceted podiatry
intervention in; (i) reducing disabling foot pain, (ii) enhancing balance and mobility,
and (iii) preventing falls in older people. The primary outcome of the trial therefore
pertains to reducing falls, which is reported in detail in the subsequent chapter (Chapter
9). Prior to presenting the primary results of the trial, this chapter provides an analysis
and discussion of the secondary outcome measures used in the trial. The secondary
outcome measures were assessed in the domains of muscle strength, joint range of
motion, balance, functional ability, falls risk, foot pain and disability, fear of falling and
health-related quality of life. The results presented in this chapter and the subsequent
chapter have been published in the British Medical Journal (BMJ) [481], Appendix 23.

8.2 Methods
8.2.1 Participants
The sample consisted of the 305 participants recruited for the randomised controlled
trial described in detail in Chapter 5. There were 94 men and 211 women aged 65 to 93
years (mean age 73.9 years, SD 5.9 years).
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8.2.2 Measurements
Each of the secondary outcomes assessed in this trial are described in detail in Chapter
3. For each outcome, data were collected at baseline and after 6 months by the same
assessor who was blind to group allocation. The clinical trial protocol is described in
detail in Chapter 3.

8.3 Statistical analysis
The statistical analyses for the secondary measures are reported in detail in Chapter 3.
In brief, all analyses were conducted using the intention-to-treat principle. The
continuously scored secondary outcome measures were compared using the linear
regression approach to analysis of covariance (ANCOVA), with baseline scores and
intervention group entered as independent variables [394, 395]. Multiple imputation
was used to replace missing data for the secondary measures at the six months’ followup, using five iterations, with age, baseline scores, and group allocation as predictors
[405, 407]. Post hoc multiple testing using the Hochberg procedure [408] was
conducted on the secondary outcome measures, which were divided into eight domains
of muscle strength, joint range of motion, balance, functional ability, falls risk, foot pain
and disability, fear of falling and health-related quality of life. Significance for all
statistical comparisons was set at p=0.05. Effect size (Cohen’s d), which is a measure of
the difference between sample means relative to the sample variability for that measure,
was calculated as the difference between the two means divided by a pooled standard
deviation for the data [439], with a value of ≥0.75 considered a large effect, ≥0.4 to
<0.75 to be a medium effect, ≥0.15 to <0.4 to be a small effect and <0.15 to be a
negligible effect [482]. Statistical analysis was undertaken using SPSS version 17.0
(SPSS Corp, Chicago, Ill, USA) statistical software.
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8.4 Results
8.4.1 Participant retention and intervention adherence
Of the 305 participants who were recruited and were assessed at baseline, 277 (91%)
completed the follow-up assessment at 6 months. Completion rates were 134 out of 153
participants (88%) in the intervention group and 143 participants out of 152 participants
(94%) in the control group. Figure 8.1 shows the reasons given for non-completion.
None of the participants reported any adverse events during the trial. At baseline, 46
participants (30%) in the control group and 50 participants (33%) in the intervention
group were using foot orthoses, resulting in 103 participants (67%) in the intervention
group being issued with orthoses. There was a relatively low need to provide new
footwear with 41 participants (27%) identified as having inappropriate footwear at the
baseline assessment. All 153 participants (100%) in the intervention group were issued
the exercise programme. Adherence to the three components of the intervention was as
follows: foot orthoses (69%), footwear (54%) and home-based exercise (72%). Full
details of adherence to the interventions are provided in Chapter 7.
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Assessed for eligibility (n=847)

Excluded (n=542)
No foot pain (n=213)
Declined (n=195)
Low falls risk (n=78)
Degenerative neurological condition (n=23)
Use of walking aid (n=18)
Insufficient English (n=15)

Randomised (n=305)

Allocated to intervention group (n=153)
Received allocated intervention (n=153)

Attended 6 month assessment (n=134)

Allocated to control group (n=152)
Received allocated intervention (n=152)

Attended 6 month assessment (n=143)

Did not attend (n=19)

Did not attend (n=9)

No reason given (n=5)
Illness / injury (n=13)
Lack of time (n=1)

No reason given (n=4)
Illness / injury (n=3)
Lack of time (n=2)

Figure 8.1 Flow of participants through study after six months follow-up.

8.4.2 Strength and range of motion
Table 8.1 shows baseline and six month scores for the secondary outcome measures in
the domains of muscle strength and joint range of motion. Significant improvements in
the intervention group compared to the control group were found for the strength of
ankle inversion and eversion. Significant improvements were also found for the range of
motion of ankle dorsiflexion and the total range of ankle inversion-eversion motion.
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After applying a post hoc correction for multiple testing, the improvements in all these
strength and range of motion variables remained significant except for ankle inversion
(Table 8.1). In addition, a trend towards improvement for ankle dorsiflexion strength
was observed but it did not achieve the pre-defined level of statistical significance. The
effect size for these changes were all found to be small (range 0.21 to 0.38) according to
the criteria proposed by Cohen [439].
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Table 8.1 Strength and range of motion outcome measures at baseline and 6 months follow-up. Values are means (SD) unless otherwise stated
Intervention group
(n=153)
Outcome measure

Control group
(n=152)

Adjusted mean
difference (95% CI)

p value

Effect size Cohen’s d

0.21 (small)

Baseline

Follow-up

Baseline

Follow-up

Ankle dorsiflexion

154.72 (41.65)

171.29 (44.77)

152.11 (46.11)

161.74 (44.45)

7.60 (−0.41 to 15.62)

0.063

Ankle plantarflexion

206.17 (55.29)

229.05 (51.86)

199.01 (51.72)

220.63 (51.10)

3.94 (−5.75 to 13.63)

0.423

Ankle inversion

100.73 (34.91)

106.15 (34.58)

102.90 (34.66)

102.43 (31.56)

5.33 (0.53 to 10.13)

0.030

0.26 (small)

Ankle eversion

97.85 (29.08)

107.76 (28.53)

99.18 (30.60)

100.99 (28.26)

7.69 (2.87 to 12.51)

0.002*

0.38 (small)

Lesser toe plantarflexion

68.00 (25.06)

74.15 (30.04)

67.95 (27.18)

70.09 (27.11)

4.01 (−1.14 to 9.17)

0.125

Hallux plantarflexion

68.23 (26.97)

69.62 (30.15)

68.95 (27.98)

69.79 (28.16)

0.43 (−4.00 to 4.87)

0.847

30.91 (5.6)

32.81 (6.75)

30.41 (6.32)

31.06 (5.95)

1.37 (0.34 to 2.41)

0.009*

0.27 (small)

39.96 (7.07)

40.70 (7.50)

38.69 (6.81)

38.60 (6.10)

1.05 (0.18 to 1.92)

0.018*

0.21 (small)

32.56 (9.51)

36.12 (11.23)

32.63 (9.65)

33.51 (9.62)

2.66 (0.65 to 4.66)

0.010*

0.34 (small)

72.85 (18.76)

76.32 (18.44)

75.83 (16.71)

78.98 (15.54)

−0.18 (−2.27 to 1.91)

0.865

Strength (Newtons)

Range of motion (degrees)
Ankle dorsiflexion,
knee extended
Ankle dorsiflexion,
knee flexed
Ankle inversion/eversion
st

1 MTPJ dorsiflexion

Note: *p< 0.05 after applying a post hoc correction for multiple testing using Hochberg procedure
MTPJ=metatarsophalangeal joint
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8.4.3 Balance and functional ability
Significant improvements in the intervention group compared to the control group were
found in the balance domain for the tests of postural sway when standing on the floor
barefoot and the maximum balance range when wearing shoes. In the functional ability
domain, performance of the alternate step test was found to significantly improve in the
intervention group compared to the control group. However, after applying a post hoc
correction for multiple testing, this difference was no longer significant (Table 8.2).
There were also trends towards greater improvement in postural sway when standing on
foam barefoot and coordinated stability barefoot in the intervention group compared to
the control group. The effect sizes for these changes were generally small with shod
maximum balance recording a medium effect size (d=0.41) and postural sway barefoot
standing on foam a small effect size (d=0.34).

8.4.4 Falls risk and health related measures
Table 8.3 shows baseline and six month scores for the secondary outcome measures in
the domains of falls risk (PPA score), foot pain and disability (MFPDI), fear of falling
(FES-I) and health-related quality of life (SF-12). No significant improvements in the
intervention group compared to the control group were found in any of these domains.
However, there was a trend towards greater improvement in the PPA score in the
intervention group. The effect sizes for these changes were small for the pain subscale
of the MFPDI (d=0.15) and negligible for the PPA falls risk score (d=0.14).

The baseline and six month scores for the component parts of falls risk assessment
(PPA) are shown in Table 8.4. Proprioception was the only component that recorded
significant improvement in the intervention group compared to the control group,
although a trend was observed for the balance component (postural sway) and the
strength component (knee extension strength). The effect sizes for these components of
the falls risk score were all small (d=0.23 to 0.34).
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Table 8.2 Balance and functional ability outcome measures at baseline and 6 months follow-up. Values are means (SD) unless otherwise stated
Intervention group
(n=153)
Outcome measure

Control group
(n=152)

Adjusted mean
difference (95% CI)

p
value

Effect size Cohen’s d

Baseline

Follow-up

Baseline

Follow-up

‡Postural sway on floor barefoot, mm²

137.82 (205.87)

94.43 (39.82)

114.37 (121.06)

119.58 (126.34)

−28.63 (−49.08 to −8.17)

0.003*

0.34 (small)

‡Postural sway on foam, barefoot, mm²

215.87 (203.26)

163.92 (104.26)

238.03 (235.39)

221.58 (323.97)

−51.02 (−103.49 to 1.44)

0.083

0.10 (negligible)

‡Postural sway on floor – shod, mm²

114.66 (75.67)

104.65 (41.00)

120.62 (76.03)

118.26 (119.62)

−10.95 (−29.76 to 7.87)

0.478

‡Postural sway on foam – shod, mm²

201.49 (148.90)

181.07 (115.58)

224.15 (182.76)

191.68 (190.93)

−2.96 (−34.42 to 31.50)

0.888

†Max balance range, barefoot, mm

116.16 (33.17)

132.99 (31.29)

108.37 (28.41)

123.88 (26.65)

4.00 (−1.21 to 9.20)

0.131

†Max balance range – shod, mm

125.02 (27.74)

140.29 (28.12)

122.48 (27.18)

127.80 (29.10)

10.83 (5.48 to 16.19)

<0.001*

0.41 (medium)

‡Coordinated stability, barefoot, errors

9.20 (8.13)

8.11 (7.73)

10.18 (8.40)

9.27 (7.83)

−0.50 (−1.74 to 0.74)

0.051

0.19 (small)

‡Coordinated stability – shod, errors

7.78 (7.17)

7.15 (6.67)

8.96 (7.80)

7.42 (6.65)

0.48 (−0.58 to 1.54)

0.421

‡Lateral stability – barefoot, mm

58.42 (40.79)

52.79 (38.94)

63.64 (44.91)

53.58 (40.38)

1.54 (−6.71 to 9.80)

0.889

‡Lateral stability – shod, mm

50.09 (37.27)

49.54 (32.16)

48.78 (32.83)

48.55 (29.82)

0.52 (−6.07 to 7.11)

0.918

‡Alternate step test, s

11.95 (4.39)

10.30 (3.93)

11.56 (3.84)

10.54 (3.93)

−0.53 (−1.12 to 0.07)

0.038

†Six metre walk, m/s

0.95 (0.20)

0.98 (0.20)

0.96 (0.20)

0.99 (0.21)

0.00 (−0.03 to 0.03)

0.959

‡Sit to stand, s

13.41 (4.16)

12.78 (6.64)

13.37 (4.56)

12.45 (5.79)

0.29 (−0.79 to 1.38)

0.348

Balance tests

Functional ability

Note: *p< 0.05 after applying a post hoc correction for multiple testing using Hochberg procedure
† Higher score corresponds to better performance; ‡ Lower score corresponds to better performance.

0.27 (small)
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Table 8.3 Falls risk, foot pain, fear of falling and health-related quality of life outcome measures at baseline and 6 months follow-up. Values are
means (SD) unless otherwise stated
Intervention group
(n=153)
Outcome measure

Control group
(n=152)

Adjusted mean
difference (95% CI)

p
value

Effect size Cohen’s d

Baseline

Follow-up

Baseline

Follow-up

1.28 (0.93)

0.82 (0.92)

1.38 (1.00)

1.05 (0.98)

−0.17 (−0.35 to 0.01)

0.059

0.14 (negligible)

‡MFPDI – pain subscale

3.86 (1.95)

2.76 (2.11)

4.03 (2.04)

3.27 (2.52)

−0.42 (−0.91 to 0.08)

0.101

0.15 (small)

‡MFPDI – function subscale

8.01 (4.39)

5.67 (4.59)

8.04 (4.40)

6.23 (4.85)

−0.55 (−1.49 to 0.40)

0.257

13.08 (3.99)

12.00 (4.28)

13.38 (4.51)

12.50 (3.97)

−0.31 (−1.06 to 0.44)

0.419

†SF-12 Physical score

38.77 (10.08)

40.01 (10.06)

39.83 (9.28)

39.49 (10.72)

1.33 (−0.40 to 3.06)

0.131

†SF-12 Mental score

50.16 (11.14)

50.51 (10.32)

49.09 (10.44)

50.08 (9.55)

−0.14 (−2.00 to 1.71)

0.881

Falls risk
‡PPA total score

Foot pain and disability

Fear of falling
‡FES-I‡

Health-related quality of life

Note: *p< 0.05 after applying a post hoc correction for multiple testing using Hochberg procedure
† Higher score corresponds to better performance; ‡ Lower score corresponds to better performance
PPA= Physiological Profile Assessment, MFPDI=Manchester Foot Pain and Disability Index, SF-12= Short Form health survey,
FES-I= Falls Efficacy Scale – International
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Table 8.4 Secondary outcome measures at baseline and 6 months follow-up. Values are means (SD) unless otherwise stated.
Intervention group
(n=153)
Outcome measure

Control group
(n=152)

Adjusted mean
difference (95% CI)

p
value

Effect size Cohen’s d

0.14 (negligible)

Baseline

Follow-up

Baseline

Follow-up

‡PPA total score

1.28 (0.93)

0.82 (0.92)

1.38 (1.00)

1.05 (0.98)

−0.17 (−0.35 to 0.01)

0.059

†Contrast sensitivity, dB

18.43 (1.89)

18.61 (1.63)

18.75 (1.14)

18.67 (1.10)

0.13 (−0.11 to 0.36)

0.349

‡Proprioception, º error

2.62 (1.98)

2.00 (1.48)

2.55 (1.79)

2.44 (1.90)

−0.46 (−0.86 to −0.07)

0.022*

0.23 (small)

†Knee extension strength, N

222.81 (85.51)

246.24 (91.79)

223.20 (94.44)

235.65 (95.61)

10.98 (−2.65 to 24.61)

0.114

0.20 (small)

‡Reaction time - hand, ms

259.35 (51.20)

246.12 (46.53)

265.08 (66.70)

245.64 (38.11)

2.56 (−6.28 to 11.39)

0.569

‡Postural sway on foam,
barefoot, mm²

215.87 (203.26)

163.92 (104.26)

238.03 (235.39)

221.58 (323.97)

−51.02 (−103.49 to 1.44)

0.083

Note: *p< 0.05
† Higher score corresponds to better performance; ‡ Lower score corresponds to better performance
PPA= Physiological Profile Assessment

0.34 (small)
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8.5 Discussion
The results of this analysis of secondary outcomes from a randomised controlled trial of
a multifaceted podiatry programme identified significant improvements across a range
of foot and ankle muscle strength and joint range of motion measures as well as tests of
balance. These are discussed individually in the context of related literature in the
following section.

8.5.1 Strength and range of motion
Muscle strength
Although increases in muscle strength following exercise interventions with associated
improvements in balance, functional ability and reduction in falls is well established
[260, 278, 463], previous studies have concentrated on muscle groups proximal to the
foot and ankle. While this is the first large randomised trial to focus specifically on the
foot and ankle, it concurs with a number of trials that have reported foot and ankle
strength improvements in older people following exercise programmes [282, 287, 295,
297-299].

Measurement of ankle inversion and eversion strength has not been commonly assessed
in exercise trials. Consequently, this trial is the first to report significant improvements
in eversion strength following an exercise program. Improvements in inversion, but not
eversion, has been reported previously by Buchner et al [282] in the only falls trial that
has assessed inversion and eversion strength. The trial reported here and the trial by
Buchner et al [282] indicate that inversion and eversion strength can be modified
through exercise. Furthermore, as both these trials also reported reductions in the rate of
falling for the exercise group compared to the control group (Chapter 9), further
investigation into the relatively unexplored contribution of ankle inversion/eversion
strength to falls prevention appears warranted.
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The trend toward improvement for ankle dorsiflexion strength found in this study is
reflected in previous falls trials that have reported improved ankle dorsiflexion strength
following an exercise programme [287, 298]. A significant improvement in
plantarflexion strength has also been noted in older people following exercise
interventions [282, 293, 299] but as with the present trial, other trials have found no
significant improvement [297, 483]. This may be related to the differences in the sample
populations or exercise prescription. Alternatively, it may be due to measurement error
as the trials showing improvements in plantarflexion strength used isokinetic
dynamometry while the trials showing no improvement used a portable hand-held
dynamometer, where reliability has been found to be lower for stronger muscle groups,
as it is more dependent upon the strength of the examiner [427].

Despite two of the exercises in the programme being specifically aimed at strengthening
the toes (Archxerciser® and picking up marbles), this study found no significant
improvements in toe plantarflexion strength. There is little data to compare this result
to, as no previous falls intervention studies have assessed toe strength. There has only
been one study where toe strength has been recorded following an intervention aimed
specifically at toe strengthening. This study, by Ungar and Wooden [296], reported a
significant increase in toe strength following toe exercises that were performed three
times a week for six weeks. This is in contrast to the findings of the randomised trial
reported in this thesis despite both trials using the same exercise device (Archxerciser®)
and prescription. The discrepancy in outcome may be due to the trial by Ungar and
Wooden using a smaller, younger sample (n=15 with an age range of 21 to 62 years)
and assessing toe strength as the combined grip of the hallux and lesser digits, rather
than assessing them separately. However, the fact that no significant improvements in
toe strength were found in this randomised trial infers that toe strengthening exercises
may be difficult for some older people. The high prevalence of toe deformities such as
hallux valgus and claw toes in older people [9, 248] may be a contributing factor. The
demonstrated correlation between toe deformities and reduced toe strength [15] is
indicative of the difficulties associated with performing gripping tasks/exercises for
people with toe deformities. Further investigation is required to identify practical and
appropriate exercises for older people, especially those with toe deformities, to improve
toe plantarflexion strength.
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Joint range of motion
Range of motion exercises can improve flexibility with an association between reduced
ankle dorsiflexion range of motion to both falls [14, 331] and impaired performance on
balance and functional tests [122] having been reported. The randomised trial reported
in this thesis found significant improvements in ankle dorsiflexion and total ankle
inversion-eversion range of motion. The calf stretch exercise and dosage used in this
trial was similar to that used in a number of other studies that have all recorded
significant improvements in ankle dorsiflexion [298, 300, 302]. A study by Mills [297]
also demonstrated significant improvements in ankle range of motion following an eight
week low-intensity exercise programme using a composite score of ankle range of
motion in the sagittal plane and coronal plane. There were a number of similarities
between the exercise programme used in this study and that used by Mills [297]
indicating that low intensity activity may be sufficient to improve ankle flexibility in
older people.

8.5.2 Balance and functional ability
There were mixed results for the effect of the intervention on balance measures in this
trial, with significant improvements recorded in two of the 10 balance measures
(postural sway when standing on the floor barefoot and the maximum balance range
when wearing shoes) and a trend towards improvement in a further two measures
(postural sway when standing on foam and barefoot coordinated stability). Similar
findings have been reported previously in a systematic review of progressive resistance
training on balance performance in older people by Orr et al [279]. Of the 29 trials
included in the review, only 22% of results from the balance tests examined offered
support for the efficacy of progressive resistance training to improve balance. The
authors noted that this may be due to balance being only one of a number of outcomes
explored in the studies reviewed. As such, the interventions may not have been
optimally designed to investigate change in balance performance alone or the studies
may have been insufficiently powered to detect such an effect [279]. Another possible
explanation for the mixed results are that some balance measures may be more sensitive
to change in the population used in this study, with other measures suffering from
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ceiling effects. Alternatively, the dose of the training programme may have been of
insufficient intensity or of an inappropriate nature to produce significant improvements
in some of the balance measures. Further, the exercise programme used in this trial did
not incorporate any specific balance training exercises, which a number of metaanalyses have demonstrated produces significant improvements in balance measures
[269, 271, 273].

In the domain of functional ability, a significant improvement was found only for the
alternate step test, although this was no longer significant after applying a post hoc
correction for multiple testing. This is in contrast to a Cochrane review of progressive
resistance training for improving physical function that found a small improvement in
gait speed and a moderate to large effect for sit to stand [278]. This difference may be
due to a number of reasons. The exercise programme used in this trial was different to
most progressive resistance programmes in that it was; unsupervised, self-paced, the
increments in intensity or repetitions were not documented, and the initial intensity was
not tailored to the individual. Also, the programme did not target knee extension
strength that has been shown to be a significant predictor of performance in gait speed
and sit-to-stand tests [128, 132]. Another factor may be the non-linear relationship that
has been demonstrated between strength and function among older people where a
critical amount of strength (the threshold level) is needed for ‘normal’ performance of
specific activities [78]. Above this threshold level, further increases may not enhance
performance of the task [484]. Finally, the dose of the training programme may have
been inadequate, and the programme lacked functional training exercises that have been
shown to result in improved functional ability [283, 485, 486].

While benefits from the footwear and orthoses components of the intervention used in
this trial cannot be completely ruled out, improvements in balance and functional ability
are more likely due to the effect of the exercise intervention. The lack of consistent
improvements in balance and functional test performance in the shod state compared to
barefoot, plus the low numbers of participants requiring new footwear indicate a limited
effect of the footwear and orthoses interventions on balance and functional ability.
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8.5.3 Falls risk
The falls risk tool used in this study was the Physiological Profile Assessment (PPA)
[7]. The PPA provides an overall measure of a person’s physiological ability through
assessment of a number of domains that have been shown to decline with age and are
associated with an increased risk of falling [7]. The PPA has been reported to have 75%
predictive accuracy for falls in older people [68, 70]. Significant reductions in the risk
of falling, using the PPA as an outcome measure, has been demonstrated in previous
randomised trials that evaluated group resistance and agility training [314], and a
multifactorial intervention of exercise and strategies to improve vision and sensation
[315]. The trial reported in this thesis did not find a significant reduction in the PPA
score, but there was a trend towards improvement. The omission of balance-specific
exercises or interventions to address other sensory factors such as vision may account
for the lower level of improvement in the PPA score found in this trial.

Table 8.4 shows the values for the component parts of PPA. While only the measure of
proprioception significantly improved, the other measures most plausibly affected by an
exercise intervention, strength (knee extension) and balance showed a trend towards
improvement. Although the exercise programme did not specifically target knee
extension strength, some of the exercises required stabilisation of the knee that would
require use of the knee extensors. As expected, there was relatively little change in
those measures of the PPA not addressed by the intervention, namely vision and hand
reaction time.

8.5.4 Health related measures: foot pain, fear of falling and
quality of life
While not explicitly targeting foot pain, a stated aim of this trial was that a foot specific
intervention would result in a reduction in disabling foot pain. At the six month followup both the intervention and control group had reductions in the pain sub-scale of the
Manchester Foot Pain and Disability Index (MFPDI) by 40% and 23%, respectively.
This may be due to participants receiving regular podiatric treatment during the trial.
However, while not reaching statistical significance, the between-group difference
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demonstrated a trend towards improvement for the intervention group. As reported in
Chapter 5, the participants in this study had a long history of foot pain prior to
recruitment with the average period for the existence of foot pain being seven years. For
such chronic conditions, the generic intervention used in this study may require a longer
intervention or a more targeted/individualised intervention to have an effect.

The higher levels of reduction in pain scores for the intervention group can plausibly be
attributed to the demonstrated exercise-related improvements in physiological
impairments such as strength, range of motion, proprioception and balance. Similar
findings have been found in older people with osteoarthritis with two systematic
reviews reporting a significant reduction in pain following exercise interventions [278,
487]. The foot orthoses issued as part of the intervention may also have played a part in
reducing foot pain. Pain reduction has been recorded in previous clinical trials following
intervention with orthoses, although these trials have been on the general population
rather than older people and for specific conditions such as plantar fasciitis [198-200],
painful pes cavus [126] and rheumatoid arthritis [127]. It is not well understood how
foot orthoses affect foot pain and it is likely that orthoses have different mechanisms for
different types of foot pain [190]. A number of theoretical explanations have been
suggested, including controlling or facilitating motion [242], plantar pressure reduction
and redistribution [203], altered muscle activity [243] and enhanced proprioception
[194]. The most likely explanation for any pain relieving benefits of orthoses
attributable in this study is from reduction and redistribution of plantar pressure. The
orthoses in this study were issued primarily as a device to relieve pressure around
plantar lesions rather than for a specific foot condition or region of foot pain.
Furthermore, the design of the orthoses used in this study has been shown to redistribute
force from the heel and forefoot to the midfoot [126, 210], which has been associated
with a reduction in pain [126].

It has been recommended in falls reporting guidelines that health-related quality of life
questionnaires be included to capture unanticipated effects of an intervention in terms of
general, emotional and social health [354]. There was no significant difference between
the groups for the physical subscale of the Short Form Health Survey (SF-12). A
possible explanation for this is the sample was relatively inactive. The questions
comprising the SF-12 physical score are strongly geared towards levels of activity. As
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reported in Chapter 5, the sample, at baseline, engaged in much lower levels of planned
physical activity compared to reference groups (3.7 hours versus 6.6 hours per week).

There was no significant difference between the groups in the psychometric assessments
of the SF-12 mental scale or fear of falling (FES-I). This may be due to the fact that
programmes that reduce the risk of falling may not always reduce the fear of falling,
because this fear is, to some extent, independent of the risk of falling [353, 488].
However, reductions in fear of falling scales have been reported following an exercise
intervention [283, 489], although it has also been suggested that exercise may only have
beneficial effects on fear of falling levels in people with higher levels of fear of falling
[490]. The omission of an education component in this trial may be another contributing
factor to explain the lack of improvement in these psychometric measures. A number of
trials using an education intervention aimed at identifying and reducing risk factors for
falls have been shown to be effective in reducing fear of falling [38, 491, 492].

Finally, there are a number of limitations associated with this study that will be
described briefly here and discussed in more detail in the subsequent chapter (Chapter
10). First, due to the nature of the intervention, it was not possible to blind participants
to their group allocation. Second, the sample may have been biased towards volunteers
with a heightened interest and commitment to the intervention, as 195 people who
initially expressed interest declined participation, primarily due to reluctance to commit
to the study for a 12 month period (Chapter 5). Finally, care needs to be taken in
generalising these findings, as all participants were living independently in the
community, had disabling foot pain and an increased risk of falling, and regularly
accessed podiatry services.

8.6 Conclusions
The analysis outlined in this chapter identified that a number of the secondary outcome
measures demonstrated small to moderate, but statistically significant improvements,
following a multifaceted podiatry programme. The secondary outcome measures
evaluated a number of domains including strength, range of motion and balance, which
have all been associated with an increased risk of falling. These findings indicate that
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the podiatry intervention had an effect on the musculoskeletal and sensory systems,
which may enhance balance and mobility whereby falls in older people are reduced.
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CHAPTER 9

Effect of intervention on falls
9.1 Introduction
This chapter presents an analysis and discussion of the primary outcome measures used
in the randomised trial of a multifaceted podiatry intervention to prevent falls. The
primary outcomes recorded were the number of fallers, the number of multiple fallers,
the falls rate and fall-related injuries. The results presented in this chapter have been
published in the British Medical Journal (BMJ) [481], Appendix 23.

9.2 Methods
9.2.1 Participants
The sample consisted of the 305 participants recruited for the randomised controlled
trial, described in detail in Chapter 5. There were 94 men and 211 women aged 65 to 93
years (mean age 73.9 years, SD 5.9 years).

9.2.2 Measurements
Monthly falls calendars were used to collect falls data for a period of 12 months
following the baseline assessment. Participants were provided with a booklet of
monthly calendars and requested to place a cross on the calendar for any day on which
they had a fall. Falls, were defined as “an unexpected event in which the participant
comes to rest on the ground, floor, or lower level” [354]. At the end of the month they
returned the calendar to the researchers in a pre-paid envelope provided. If the
researchers did not receive a calendar, a phone call was made to the participant to
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request the information. Participants contacted the researchers as soon as possible after
a fall and specific details about the fall were obtained through a structured telephone
interview. Alternatively, the participants were contacted by phone to obtain details of a
fall where a fall was recorded on a monthly fall calendar but the participant had not
contacted the researchers. The trial protocol is described in detail in Chapter 3.

9.3 Statistical analysis
The statistical analysis for the primary measures is reported in detail in Chapter 3. In
brief, all analyses were conducted using the intention-to-treat principle. The number of
falls per person was analysed using negative binomial regression to estimate the
difference in falls rate between the groups. This approach takes into account all falls and
adjusts for varying duration of follow-up [391]. The proportion of fallers and multiple
fallers in each group were compared using relative risks. The proportion of participants
in each group with fall-related fractures or who sought medical attention following a fall
were also compared using relative risks with the Fisher’s exact test used to establish the
level of statistical significance due to the small number of these events [493].
Significance for all statistical comparisons was set at p=0.05. Statistical analysis was
undertaken using SPSS version 17.0 (SPSS Corp, Chicago, Ill, USA) and STATA
version 9.2 (StataCorp, College Station, Tx, USA) statistical software.

9.4 Results
9.4.1 Participant retention and intervention adherence
All 305 participants completed one or more falls calendars and 296 (97%) participants
returned all 12 calendars: 147 (96%) in the intervention group and 149 (98%) in the
control group. Figure 9.1 shows the reasons given for non-completion. There was one
death during the trial, which was unrelated to the intervention and was not fall-related.
None of the participants reported any adverse events during the trial. During analysis it
was identified that one participant who should have been excluded from the study (due
to Parkinson’s disease) was inadvertently included and allocated to the control group.
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To satisfy the intention-to-treat principle [494], data for this participant were included
in the analyses (this participant did not report any falls during the trial period). There
was a significant difference in the mean number of visits to a podiatrist during the 12
month trial period between the intervention and control group (4.4 [SD 3.0] versus 5.2
[SD 3.0], p=0.022). At baseline, 46 participants (30%) in the control group and 50
participants (33%) in the intervention group were using foot orthoses, resulting in 103
participants (67%) in the intervention group being issued with orthoses. There was a
relatively low need to provide new footwear with 41 participants (27%) in the
intervention group identified as having inappropriate footwear at the baseline
assessment. All 153 participants (100%) in the intervention group were issued the 30
minute, thrice weekly foot and ankle exercise programme. Adherence for each of the
interventions was described in Chapter 7, but briefly it was 69% for foot orthoses, 54%
for the footwear intervention, and 72% for the home-based exercise intervention.
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Assessed for eligibility (n=847)

Excluded (n=542)
No foot pain (n=213)
Declined (n=195)
Low falls risk (n=78)
Degenerative neurological condition (n=23)
Use of walking aid (n=18)
Insufficient English (n=15)

Randomised (n=305)

Allocated to intervention group (n=153)
Received allocated intervention (n=153)

Attended 6 month assessment (n=134)

Allocated to control group (n=152)
Received allocated intervention (n=152)

Attended 6 month assessment (n=143)

Did not attend (n=19)

Did not attend (n=9)

No reason given (n=5)
Illness / injury (n=13)
Lack of time (n=1)

No reason given (n=4)
Illness / injury (n=3)
Lack of time (n=2)

Completed 12 month follow-up (n=147)

Completed 12 month follow-up (n=149)

Did not complete (n=6)

Did not complete (n=3)

No reason given (n=3)
Illness / injury (n=3)

No reason given (n=2)
Deceased (n=1)

Analysed (n=153)

Figure 9.1 Flow of participants through study

Analysed (n=152)
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9.4.2 Falls and fallers
In total, 264 falls occurred during the study, with the intervention group recording 103
falls and the control group 161 falls. Additional data, involving the location and nature
of the fall, were collected for 262 of these falls. Table 9.1 shows the location of the falls
during the trial. The majority of the falls (60%, 158 falls) occurred outside the home
with 31% (81 falls) taking place inside the person’s own home. The causes of falls, as
reported by the participants, are shown in Table 9.2. The most common cause of falls
were trips (48%), with slips, losing balance and legs giving way accounting for 15%,
13% and 10%, respectively.

Table 9.1 Location of falls

Inside own home
On a level surface
In the shower/bath
Getting out of bed
Getting in/out of a chair
On stairs
Other
Inside, but not own home
Outside the home
Total

n
81

%
31

55
2
7
8
4
5
23
158
262

21
1
3
3
2
8
9
60
100

Table 9.2 Causes of falls

Trip
Slip
Turning
Legs gave way
Lost balance
Dizzy
Other
Total

n

%

126
38
17
25
35
4
17
262

48
15
6
10
13
2
6
100
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Table 9.3 and Figure 9.2 show a comparison by group of the number of fallers and
multiple fallers recorded during the 12 month trial period. A total of 139 participants
recorded at least one fall with 64 participants (42%) of the intervention group recording
a fall compared to 75 participants (49%) in the control group. There were a total of 54
multiple fallers, i.e. participants who recorded two or more falls, comprising 21
participants (14%) of the intervention group and 33 participants (22%) in the control
group. There were no significant differences between the groups in the proportion of
fallers (relative risk [RR] 0.85, 95% CI 0.66 to 1.08, p=0.188) or multiple fallers (RR
0.63, 95% CI 0.38 to 1.04, p=0.068).

Table 9.3 Proportions of fallers, multiple fallers, and falls rate per person by treatment
group over the 12 month trial period.

Outcome measure

Intervention

Control

(n=153)

(n=152)

0.67 (0 – 6)

Participants ≥ 1 fall – n (%)
Participants ≥ 2 falls – n (%)

Mean (range) falls rate per

Falls risk (95% CI)

p value

1.06 (0 – 15)

0.64 (0.45 to 0.91)*

0.013

64 (42)

75 (49)

0.85 (0.66 to 1.08)†

0.188

21(14)

33 (22)

0.63 (0.38 to 1.04)†

0.068

person

* Incidence rate ratio, † Relative risk
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Multiple Faller

Figure 9.2 Comparison by group allocation of the number of fallers and multiple fallers

The rate of falls (falls per person per year) is shown in Table 9.3. There was a
significant 36% reduction in the falls rate during the trial for the intervention group
compared to the control group (incidence rate ratio [IRR] 0.64, 95% confidence interval
[CI] 0.45 to 0.91, p=0.013). After the exclusion of a possible outlier (one participant
recording 15 falls in the control group), there was still a significant 30% reduction in the
falls rate for the intervention group compared to the control group (IRR 0.70 [95% CI
0.50 to 0.99], p=0.042).

To demonstrate that the intervention was not having a detrimental effect, the time to the
first fall was analysed [354]. The survival curve for the time to a falls event is shown in
Figure 9.3. There was a non-significant difference between the groups in the survival
time (days) to a falls event during follow-up (log rank test p=0.72, CI 234.79 to 266.81).
For those that did fall, the median time to the first fall during follow-up was 85 days in
the intervention group and 64 days in the control group.
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Figure 9.3	
  	
  Survival curve for time to first fall

9.4.3 Falls injuries
Table 9.4 shows the number of fractures and the number of falls where medical
treatment was sought. For each fall, the type of treatment is reported once only as the
most ‘severe’ treatment received, with the declining order of severity being: (i)
requiring hospitalisation, (ii) a visit to a hospital emergency department or (iii) a visit to
a general practitioner. In total, eight participants had falls that resulted in fractures, with
the intervention group accounting for one of these falls and the control group the other
seven falls (RR 0.14, 95% CI 0.02 to 1.15, Fisher’s exact test, p=0.07). Five participants
in each group were hospitalised following a fall. A further seven (two in the
intervention group and five in the control group) presented to the emergency department
following a fall, and another 24 (13 in the intervention group and 11 in the control
group) consulted their general practitioner following a fall. None of these differences
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were statistically significant, although the differences in fractures approached
significance (p=0.07).

Table 9.4 Proportions of fall-related injuries by treatment group. Values are number
(%) unless otherwise stated

Outcome measure

Intervention

Control

Relative risk

p value*

(n=153)

(n=152)

(95% CI)

Fractures

1 (1)

7 (5)

0.14 (0.02 to 1.15)

0.07

Hospitalisations

5 (3)

5 (3)

0.99 (0.29 to 3.36)

0.62

Visit to emergency department

2 (1)

5 (3)

0.40 (0.08 to 2.02)

0.22

Visit to general practitioner

13 (8)

11 (7)

1.08 (0.49 to 2.38)

0.51

* Fisher’s exact test

9.5 Discussion
This is the first randomised trial to evaluate a falls prevention intervention specifically
targeting foot and footwear risk factors. The findings indicate that a multifaceted
podiatry intervention is effective in reducing falls in community-dwelling older people
with foot pain, suggesting that this approach may be a useful addition to existing falls
prevention programmes. The observed 36% reduction in falls rate reported here is
similar to the reduction achieved with individually prescribed multiple-component
home-based exercises (34% reduction in falls), multiple-component group exercises
(22%), Tai Chi (37%) and cataract surgery (34%) reported in the most recent Cochrane
review of community-based falls prevention trials [260]. The intervention may have had
a stronger effect than the reported 36% reduction, as the trial was underpowered in
respect of the number of fallers. The a priori sample size calculation (section 3.34) was
based on a falls rate of 60% in the control group derived from a previous study of older
people with foot pain [14], but during the trial only 49% of the control group fell.
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There was no significant difference between the groups in the number of fallers or
multiple fallers, although the trend was for a greater proportion of fallers in the control
group, particularly multiple fallers. It is not uncommon for falls trials to report no
significant difference in the proportion of fallers or multiple fallers despite showing a
significant reduction in the falls rate (falls / person / time). Indeed, such a finding
supports the recommendations of several authors that the dichotomous categorisation of
recurrent events such as falls is overly simplistic and may fail to detect important
differences between groups [390, 391, 393].

In addition to the reduced falls rate, fewer participants in the intervention group
compared to the control group had a fracture resulting from a fall during the trial. This
difference did not quite reach statistical significance (p=0.07). This pattern has been
reported in other fall prevention studies involving home-based exercise [289] and
cataract surgery [464]. It is likely that the lack of a significant reduction in this trial was
due to the relatively small number of fractures with consequent low statistical power for
this outcome measure.

The multifaceted nature of the intervention makes it difficult to delineate the relative
contribution of each component in preventing falls. However, it is likely that the
exercise programme was the key component of the intervention, for two main reasons.
First, there were improvements in the secondary outcomes of foot and ankle strength
and range of motion (reported in Chapter 8), which are unlikely to have resulted from
the footwear or foot orthoses components. It has previously been demonstrated that the
strength of the ankle muscles are correlated with balance [122, 420], walking speed
[128], functional movements [77, 133, 287] and risk of falling [14, 15]. While the effect
sizes for changes in the individual measures of strength, range of motion and balance
were generally small, the reduction in falls indicates that there may be a more profound
combined effect. Second, as reported in Chapter 7, less than one third of the study
population presented with inappropriate footwear and only 26 (17%) of the intervention
group purchased new footwear. Consequently, the contribution of footwear to the
overall intervention group effect would have been relatively minor. Finally, the foot
orthoses used in the study were not specifically designed to improve balance, and the
literature pertaining to the effects of orthoses on balance is inconsistent [126, 127, 218,
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219, 236, 239]. As such, the foot orthoses are unlikely to have exerted a major influence
on the overall group effect.

This study is comparable to previous intervention trials that used a home-based exercise
programme which demonstrated a reduction in falls. Trials using the home-based Otago
exercise programme (OEP) have reported reductions in the rate of falls of 42% to 62%
[283, 289, 290]. These reductions are higher than the 36% found in this study, despite
the sample population in this trial having a higher falls risk than those in the OEP trials.
A probable explanation for this is the predominance of specific balance training
exercises in addition to strength exercises in the OEP. Pooled results from systematic
reviews report that programmes which include exercises that challenge balance have
greater effects on falls reduction [271, 277, 279]. However, the similarity of findings
adds to the evidence that home-based, low intensity exercise programmes can reduce
falls, and that the addition of foot and ankle exercises to the OEP may be worthwhile.

The relatively low need to provide new footwear was a surprising aspect of this trial, as
previous studies have indicated that between 43% and 75% of older people wear
inappropriate footwear [139, 140, 145]. A likely explanation for the relatively low
prevalence of inappropriate footwear is that most of the participants of this study
regularly accessed podiatry services, where appropriate footwear would have been
frequently emphasised. However, it also needs to be acknowledged that participants’
indoor footwear was not considered. It has previously been reported that selection of
indoor footwear by older people is influenced primarily by comfort and low cost, and
that household shoes are infrequently replaced [495]. As such, it is possible that several
participants wore sub-optimal indoor footwear that may have contributed to their risk of
falling.

Despite the inherent difficulties in promoting adherence to footwear recommendations
reported in Chapter 7, the multifaceted intervention evaluated in this study could
potentially be incorporated into routine podiatry practice or multidisciplinary falls
prevention clinics. The home-based exercise programme was feasible for older people
to undertake unsupervised at home. It requires simple and inexpensive equipment, and
can be easily explained to participants with the assistance of a booklet and
accompanying DVD. Furthermore, the foot orthoses used are prefabricated, so do not
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require the time-consuming and costly casting and manufacturing processes associated
with individually customised devices.
Finally, the findings of this study need to be interpreted in the context of certain
limitations that will be described briefly here and discussed in more detail in the
subsequent chapter (Chapter 10). First, due to the nature of the intervention, it was not
possible to blind participants to their group allocation. Second, the sample may have
been biased towards volunteers with a heightened interest and commitment to the
intervention, as 195 people who initially expressed interest declined participation,
primarily due to reluctance to commit to the study for a 12 month period (Chapter 5).
Third, the intervention did not target all relevant foot and ankle risk factors. Both hallux
valgus and deformity of the lesser toes have been shown to increase the risk of falls [14,
15], but these conditions generally require surgical treatment, which was beyond the
scope of the study. Finally, care needs to be taken in generalising these findings, as all
participants were living independently in the community, had disabling foot pain and an
increased risk of falling, and regularly accessed podiatry services. Whether the
intervention is effective in residential care settings or in older people without foot pain
requires further investigation.

9.6 Conclusions
The findings of this study demonstrate that a multifaceted podiatry intervention is an
effective falls prevention strategy in older people with foot pain and an increased risk of
falling. The reduction in falls is likely to be related to the significant improvements
found in several measures of foot and ankle strength and range of motion, balance and
functional ability. The components of the intervention are inexpensive and relatively
simple to implement, suggesting that the programme could be incorporated into routine
podiatry practice or multidisciplinary falls prevention clinics.
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CHAPTER 10

Summary and conclusions
10.1 Introduction
This chapter summarises the findings of this thesis, describes the strengths and
limitations of the studies undertaken, and suggests potential directions for future
research.

10.2 Overview of major findings
Hand-held dynamometry is a reliable measure of foot and ankle strength
In order for clinicians to have confidence in assessing foot and ankle strength, a
reliability study for the use of hand-hand dynamometry in assessing the muscles of the
foot and ankle was conducted (Chapter 4). The study found an excellent level of
intrarater (ICC range 0.78 to 0.94) and interrater (ICC range 0.77 to 0.88) reliability in
assessing foot and ankle strength of young and older people using hand-held
dynamometry and provides further evidence for its potential use in research studies.
Furthermore, this study identified that ageing is associated with a reduction in strength
of between 24% and 37% between a young and older sample for the muscles
responsible for movement of the foot and ankle.

Foot and ankle strength and range of motion are associated with balance
and functional ability
A significant association between the muscle strength and joint range of motion of the
foot and ankle and balance and functional test performance was found in the study
presented in Chapter 6. This confirms earlier findings by Menz et al [122] of the
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relationship between lower limb strength and range of motion and the maintenance of
balance and functional ability. Further investigation using hierarchical linear regression
analysis identified that hallux plantarflexion strength and ankle inversion-eversion range
of motion were the most consistent, significant and independent predictors of balance
and functional test performance. These factors explained up to 25% of the variance in
the balance and functional ability test scores. As such, to reduce the risk of falling in
older people, the assessment of these measures and inclusion of exercises to improve
them should be considered as part of a falls prevention programme.

Few predictors of adherence to the podiatry intervention were identified
Overall, the levels of adherence to the podiatry intervention used in the falls trial were
69% for foot orthoses, 54% for footwear and 72% for the home-based exercise (Chapter
7). The level of adherence (69%) found for the prefabricated orthoses used in this trial
suggests older people readily accept this device and that they appear appropriate for
future trials investigating the management of foot-related problems in older people. In
contrast, the low levels of adherence for the footwear change recommendation are
indicative of the difficulties of implementing an intervention that is also regarded as a
fashion item. The falls trial found few strong predictors of adherence to the podiatry
intervention, although participants with better physical health, less fear of falling and a
younger age exhibited greater adherence. The limited number of predictors of adherence
concurs with previous studies highlighting the need for further investigation into how to
maximise adherence to falls prevention interventions.

A low intensity, home-based exercise programme is effective in improving
foot and ankle strength and range of motion
The improvements in the muscle strength and range of motion tests (Chapter 8)
observed in the falls trial demonstrates the effectiveness of the low intensity, homebased exercise programme. These improvements are also a reflection of the
predominance of strength and range of motion exercises in the exercise programme.
Improvements were also recorded in some measures of balance ability. While increases
in lower limb strength have been associated with improvements in balance [496, 497],
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pooled results from systematic reviews [271, 277, 279] have reported an inconsistent
and unclear effect of lower limb strength on balance. Similarly the regression analysis
reported in Chapter 6 found relatively low variance in the balance and functional tests
accounted for by the strength and range of motion measures. While the other
components of the multifaceted intervention may have had an effect upon balance, the
low numbers involved in the uptake of new footwear and the uncertainty about the
effect of orthoses on balance indicate a minimal effect. Consequently, the effect of the
improvements in strength and range of motion to influence balance and reduce falls
should not be understated.

A non-significant trend for a reduction in foot pain observed with
multifaceted podiatry intervention
At the six month follow-up, the levels of foot pain were reduced in the falls trial but the
finding was not significant (Chapter 8). Both intervention and control groups had
reductions in the level of foot pain by 40% and 23% respectively, which may be a
reflection of receiving regular podiatric treatment during the trial. The between-group
difference however, indicates a trend towards greater improvement in the intervention
group. The chronic nature of the foot pain may be a mitigating factor for the lack of a
significant between-group difference. The reported duration of foot pain prior to entry
into the trial was seven years (Chapter 5), so it is possible that a longer intervention
period or a more targeted intervention would be required to detect a significant
reduction in chronic foot pain.

A multifaceted podiatry intervention is effective at reducing the rate of
falling in older people with foot pain
As presented in Chapter 2, it is now well recognised that falls result from an interaction
between environmental hazards and a broad array of physiologic risk factors, including
impaired vision, reduced muscle strength, diminished peripheral sensation and slow
reaction time [7]. Consequently a number of interventions have been developed and
proven to reduce falls in older people [260]. The falls prevention trial presented in this
thesis adds to that knowledge base by demonstrating, for the first time, that an

213

intervention that specifically targets the foot and ankle can reduce falls in older people.
As reported in Chapter 9, this study found a significant 36% reduction in the falls rate
for the intervention group compared to the control group (incidence rate ratio [IRR]
0.64, 95% confidence interval [CI] 0.45 to 0.91, p=0.013). While there were no
significant differences between the groups in the proportion of fallers or multiple fallers,
the difference with the multiple fallers approached significance indicating that the
intervention may be more beneficial to those with a higher risk of falling.

Despite the inherent difficulties in promoting adherence to footwear recommendations,
the multifaceted intervention evaluated in this study could potentially be incorporated
into routine podiatry practice or multidisciplinary falls prevention clinics. The current
expertise and practice of podiatrists makes them ideally placed to implement this foot
and ankle based intervention, especially in light of the high usage of podiatry services
by older people [148]. All the interventions are common modalities currently practised
by podiatrists. The home-based exercise programme is feasible for older people to
undertake, requires simple and inexpensive equipment, and can be easily explained to
participants with the assistance of a booklet and accompanying DVD. Furthermore, the
foot orthoses used were prefabricated, so do not require the time consuming and costly
casting and manufacturing processes associated with individually customised devices.
To maximise uptake of this multifaceted intervention in the broader field of podiatry
practice, there is likely to be a need for assistance to podiatrists in the form of a manual
outlining the assessments and indications for intervention, as well as details of the
intervention.

10.3 Strengths of the study design
Randomised controlled trial design
The falls trial used a rigorous randomised trial design. This study had a relatively large
sample size to allow detection of clinically meaningful results. The sample size was
calculated a priori based on the falls rate in a previous falls trials on older people with
foot pain [14]. To minimise bias, appropriate randomisation and allocation concealment
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were conducted using an external randomisation service with all data collection and
data entry conducted by researchers blind to group allocation. There were only small
losses to follow-up with an overall completion rate of 97% for the falls data and 90%
for the secondary outcome measures data. In addition, appropriate statistical analyses
were conducted. All randomised participants were included in the analysis in their
assigned groups as per the intention to treat principle [400]. Falls data were analysed
using a negative binomial regression model which allows for comparison of recurrent
event rates in different groups and adjusts for variable follow-up times [391, 392].
Missing data were handled using multiple imputation and the statistical significance of
the secondary outcome measures was established using Hochberg’s post hoc multiple
testing [408].

10.4 Limitations of the study design
Sample bias
Although the falls trial reported in Chapters 8 and 9 was randomised, it was not double
blinded. While the assessors were blinded at all times, due to the nature of the
intervention, it was not possible to blind participants to their group allocation.
Participant’s knowledge of group allocation can affect their responses to the
intervention particularly if the response criteria are subjective, such as a falls event,
resulting in a reduction of the differential assessment of outcomes or bias [498, 499]. To
minimise this potential bias, a simple, standard and internationally-recognised definition
of what constituted a fall [354] was given to all participants, and the gold standard
approach of prospectively collecting falls data from falls calendars with regular followup was used [61].

Sample bias, which is inherent in all studies involving recruitment of participants from
the community, also applied to the falls trial presented in this thesis. There may have
been some bias due to self-selection of volunteers with a heightened interest in and
commitment to the intervention, as 195 people who initially expressed interest
ultimately declined participation, primarily due to reluctance to commit to the study for

215

a 12 month period. It is unknown whether those who volunteered and participated
differed systematically from those who declined to participate. Similarly, an inability or
unwillingness to travel to two separate data collection sessions of two hours duration
may have precluded frailer people.

Measurement issues
The potential for measurement error is a factor that should be considered as a limitation
in a number of the studies reported in this thesis. In the hand-held dynamometer trial
reported in Chapter 4, the assessor was not blinded to the value displayed on the handheld dynamometer during testing. This was not possible as before each trial, the reset
button was pressed and if the value displayed was not zero, a small wheel was manually
moved to zero the device. The device also had an automatic shut-off after 15 seconds,
which resulted in some participants having to repeat some trials, possibly leading to
fatigue-related reductions in strength. In addition, inadequate force and stabilisation by
the tester may have affected the results. The tester needs to be strong enough to counter
the force generated by the muscle action being tested as well as stabilise the test limb
[427, 440]. This may have resulted in lower values than the true strength in the stronger
participants. Furthermore, the validity of the hand-held dynamometer measurements
recorded in this study was not investigated. The difference in strength was quantified
but the absolute values may not accurately reflect the normative maximal strength for
young and older people.

Chapter 3 described the assessments used for the secondary measures reported for the
falls trial (Chapter 8) and the comparison of foot and ankle strength and range of motion
to balance and functional ability (Chapter 6). They were all noted to have good
reliability in older people. However the relatively low correlations of strength and range
of motion to balance and functional ability reported in Chapter 6 indicate that some of
the assessments used lacked the sensitivity to detect subtle but potentially important
differences in the musculoskeletal and sensory systems. This lower level of sensitivity
might also be a factor in the predominantly small effect sizes that were observed in the
falls trial (Chapter 8) for the statistically significant measurements of strength, range of
motion and balance.
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Finally, the assessment of adherence to the intervention in the falls trial reported in
Chapter 7 was contingent on the self-report by participants. The accuracy of this
information could not be verified.

Not all foot and ankle risk factors were targeted by the intervention
A number of foot and ankle risk factors have been identified as falls risk factors but the
multifaceted podiatry intervention used in the falls trial did not target all of them. Both
hallux valgus and deformity of the lesser toes have been shown to increase the risk of
falls [14, 15]. However, conservative treatment has not been found to be effective and
these conditions generally require surgical treatment [500, 501]. A surgical intervention
arm was beyond the scope of this study. While the regression analysis conducted in
Chapter 6 of this study found limited correlation between the presence of hallux valgus
and performance in the balance and functional tests, it is possible the presence of hallux
valgus and toe deformity may have impacted on the rate of falls in this trial or the
participant’s adherence to the intervention.

Adherence to footwear
The unexpected high level of appropriate footwear worn by the participants as well as
the poor adherence to purchasing new footwear when requested was reported in Chapter
7. The resultant low number of participants who were adherent to this part of the
intervention limited the ability of this trial to assess the effectiveness of appropriate
footwear in improving balance and preventing falls. Furthermore, a number of falls
occur around the home when indoor footwear is being worn. Sub-optimal indoor
footwear is common among older people [495] but its relationship to falls was not
assessed in this study.
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Generalisability of findings
With the exception of the hand-held dynamometer reliability study (Chapter 4), all the
studies reported in this thesis (Chapters 6 to 9) used the same sample of participants.
The inclusion criteria limited the participants to be living independently in the
community, having foot pain and having an increased risk of falling. Foot pain has been
correlated to an increased incidence of falls [14, 125] and as reported in Chapter 5 the
baseline characteristics of this sample were generally poorer than the general population
in the domains of balance and functional ability. In addition, it has been documented
that older community-dwelling people have fewer falls than older people living in
institutional care [502] despite the former being exposed to more environmental hazards
due to higher level of mobility [135]. The Cochrane reviews of interventions for
preventing falls in older people have concluded that depending on the setting, different
participant characteristics and environments may warrant different types of
interventions [260, 503]. Therefore, the findings of this study may not be generalisable
to the broader older population.

10.5 Indications for further research
Improvements to exercise program
Due to the lack of good evidence from appropriate trials, a novel and untested exercise
programme (Chapter 3) was used for the falls prevention trial. The findings of the study
provide good quality evidence that this exercise programme can facilitate a reduction in
falls in older people. The next logical question is whether the programme can be
improved. The only degree of individualisation of the exercises was the prescription of
the strength of the resistive exercise band for the ankle inversion-eversion strengthening
exercises, although as all exercises were unsupervised there may also have been some
self-selected individualisation in terms of the number of repetitions completed. A
systematic review by Lord et al [4] reported a significant reduction in falls in 10 out of
12 studies using an individual prescription of the exercise intensity. However,
individualisation of the exercise prescription was also found in 10 out of 13 studies
where no significant reduction in falls was reported. While this may indicate individual
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prescription in isolation does not appear to be an essential feature to prevent falls, the
fact remains that virtually all the successful falls exercise programmes do use some
degree of individualisation. Consequently, an investigation into the individualisation of
the prescription (i.e. by adjusting the selection, number, intensity, and repetition
frequency of exercises according to level of ability) for this programme appears
warranted.

The exercise programme used in this trial focused on strength and flexibility exercises
of the foot and ankle. No balance exercises were included, as the objective of the
intervention was foot-specific. There is a body of evidence indicating that exercises that
challenge balance are important in reducing falls in older people. A meta-analysis by
Sherrington et al [271] of 44 trials using exercise interventions to prevent falls reported
the greatest effect in reducing falls was with the use of balance exercises. A similar
finding was made in the Frailty and Injuries: Cooperative Studies of Intervention
Techniques (FICSIT) prospective meta-analysis of individual participant data from
eight trials [273]. The FICSIT study found a pooled estimate of a 17% lower falls risk
from exercise programmes that included balance training but not from other forms of
exercise [273]. With this in mind, further investigation should establish whether the
inclusion of exercises that challenge balance could be incorporated into the exercise
programme reported in this study, and thereby may increase the overall effect of the
intervention. Alternatively, it may be appropriate to add some of the foot and ankle
exercises described in this thesis to an existing exercise programme, which included
balance training exercises, such as the Otago exercise programme [283, 289, 504].

Toe plantarflexion strength has been identified as a falls risk [14, 15] and two
strengthening exercises were included in the exercise programme. Improvements were
recorded for both the hallux and lesser toes but neither was found to be statistically
significant. In Chapter 8 it was suggested that that this may be related to the high
prevalence of toe deformities such as hallux valgus and claw toes among the older
population [9, 248] and the reduced toe strength associated with toe deformities [15]. In
addition, measurement error may have been a factor. As reported in Chapter 4, the
reliability study of the hand-held dynamometer used in this study found the intrarater
reliability to be less reliable for the assessment of the lesser toes and hallux in
comparison to the muscles of the ankle [328]. It is also possible that the type of exercise
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or exercise prescription used may have been inadequate. Only two trials have
investigated toe exercises. One trial found a significant improvement in toe strength but
used a younger athletic population [296]. The other trial used an older population and
did not assess strength, but instead reported a significant improvement in postural sway
following toe exercises [295]. Both trials utilised similar toe exercises and prescription
levels used in this trial. Further investigation is clearly needed to identify exercises that
can improve toe plantarflexion strength.

Different participant groups
The inclusion criterion for this study was an increased risk of falling and foot pain, but
age-related declines in foot and ankle strength and range of motion have been observed
across a broad spectrum of older people. In light of the large number of risk factors that
have been associated with falls, a logical extension of this work would be to examine
whether the intervention is applicable to other groups at risk, as well as the broader
older population. Another home-based, low-intensity exercise programme designed to
prevent falls (the Otago exercise programme), has already been shown to be successful
in reducing falls in the general community-dwelling population [283, 289].
Furthermore, it has been shown that the Otago programme produces the greatest impact
in terms of falls reduction in people aged 80 and older [505].

Alternative assessments
As previously reported, the design of the intervention precludes identification of the
relative contribution of each component of the intervention in preventing falls. To
address this, a trial using a factorial design incorporating distinct treatment arms for
each intervention separately, as well as all of the possible combinations of the three
interventions could be conducted. While this may be the optimum solution, the number
of participants required and associated research manpower and cost will limit the
likelihood of such a trial being initiated. Alternatively, further evidence of the
mechanisms by which the intervention was effective could be obtained through different
assessments or data recording methods. One example of this would be the assessment of
plantar pressure in relation to the role of orthoses in preventing falls. A study by Mickle
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et al [125] identified a significant association between higher plantar pressures during
gait and falls. Mickle et al [125] hypothesised that the higher plantar pressures
generated while walking by older fallers may contribute to their foot pain and
discomfort, which in turn, may cause gait and balance disturbances, predisposing these
individuals to falls. This is based on the known association between foot pain and
impaired balance and functional ability [121, 122, 125, 506] as well as the use of
orthoses to redistribute pressure with an associated reduction in pain [126, 210]. Plantar
pressure can be reliably assessed through the use of in-shoe devices [507, 508] and
therefore these devices could be used to assess whether the use of orthoses reduce
plantar pressure during gait in older people, and if so, whether this impacts on the falls
rate.

While social and comfort factors relating to footwear present inherent difficulties for
adherence, the problem is compounded through the lack of precision in the data
collection method for the use of footwear, which is generally self-reported using a
Likert scale. Advances in motion sensor technology (such as accelerometer pedometers)
allows small, lightweight devices to be attached to footwear that could provide a
measure of ambulatory activity, including time in use [509]. These have been shown to
be more reliable and valid than self-reported questionnaires in assessing activity levels
in older people [509-511]. A more accurate and continuous measure of the participants
usage of footwear could then be developed and assessed in relation to the rate of falling.

Cost of intervention
Prior to being accepted as a worthwhile public health intervention, a full cost
effectiveness study of the intervention needs to be undertaken. The clinical context in
which it is to be administered would also need to be considered. This trial used a
number of resources such as assessment exercise equipment, foot orthoses, financial
assistance to purchase new footwear and free access to a podiatry service. Further, the
cost of assessing people and prescribing the intervention also needs to be taken into
account. The total cost of these resources would be in the range of AUD $400 to $500
per participant. In the trial reported in this thesis, these resources were provided at no
cost to the participants. The participation rates and adherence to the programme would
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almost certainly be considerably lower if the cost of these resources were passed on to
the participants. This was possibly evident in this trial, with cost being a likely
explanation for the 29% of participants who were requested, but declined, to purchase
new footwear (Chapter 7). The approximate cost of appropriate footwear was AUD$150
to $250, requiring a significant contribution in addition to the AUD$100 voucher given
to those participants who were requested to purchase new footwear. The intervention
used in this trial could easily be implemented in the podiatry clinic setting, but with
75% of podiatrists in private practice in Australia [148], for example, an assessment of
the uptake of this intervention where the costs are borne by the participant would be
relevant to establishing the setting where this intervention would be most likely to be
successful.

10.6 Conclusions
The findings of this thesis have added to the knowledge about the relationship of the
foot and ankle to falls in older people. The following conclusions can be made:

(i)

Hand-held dynamometry is a reliable instrument to measure foot and
ankle strength of young and older people.

(ii)

Ageing is associated with a reduction in strength of between 24% and
37% for the muscles responsible for movement of the foot and ankle.

(iii)

Based on regression analysis, the foot and ankle strength and range of
motion characteristics that are the most important determinants of
balance and functional ability in older people are plantarflexor strength
of the hallux and ankle inversion-eversion range of motion.

(iv)

Further investigation into factors affecting adherence to falls
interventions is required as, in accord with previous trials, strong
predictors of adherence are not readily identifiable.

(v)

The intervention produced significant improvements in a number of foot
and ankle strength, range of motion and balance measures.

(vi)

A multifaceted, podiatry intervention can significantly reduce the rate of
falling by 36% in older people with foot pain and an increased risk of
falling. The intervention comprised a home-based exercise program,
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prefabricated insoles customised to accommodate plantar lesions and
footwear advice and assistance with the purchase of new footwear if
current footwear was inappropriate.
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Abstract
Background: Falls in older people are a major public health problem, with at least one in three
people aged over 65 years falling each year. There is increasing evidence that foot problems and
inappropriate footwear increase the risk of falls, however no studies have been undertaken to
determine whether modifying these risk factors decreases the risk of falling. This article describes
the design of a randomised trial to evaluate the efficacy of a multifaceted podiatry intervention to
reduce foot pain, improve balance, and reduce falls in older people.
Methods: Three hundred community-dwelling men and women aged 65 years and over with
current foot pain and an increased risk of falling will be randomly allocated to a control or
intervention group. The "usual cae" control group will receive routine podiatry (i.e. nail care and
callus debridement). The intervention group will receive usual care plus a multifaceted podiatry
intervention consisting of: (i) prefabricated insoles customised to accommodate plantar lesions; (ii)
footwear advice and assistance with the purchase of new footwear if current footwear is
inappropriate; (iii) a home-based exercise program to strengthen foot and ankle muscles; and (iv)
a falls prevention education booklet. Primary outcome measures will be the number of fallers,
number of multiple fallers and the falls rate recorded by a falls diary over a 12 month period.
Secondary outcome measures assessed six months after baseline will include the Medical
Outcomes Study Short Form 12 (SF-12), the Manchester Foot Pain and Disability Index, the Falls
Efficacy Scale International, and a series of balance and functional tests. Data will be analysed using
the intention to treat principle.
Discussion: This study is the first randomised trial to evaluate the efficacy of podiatry in improving
balance and preventing falls. The trial has been pragmatically designed to ensure that the findings
can be generalised to clinical practice. If found to be effective, the multifaceted podiatry
intervention will be a unique addition to common falls prevention strategies already in use.
Trial registration: Australian New Zealand Clinical Trials Registry: ACTRN12608000065392
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Background
Falls in older people are a major public health problem,
with one in three people aged 65 and over falling each
year [1,2]. One-quarter to one-half of all falls among community-dwellers cause some injury, 10–15% of falls are
associated with serious injury, 2–6% with fractures and
around 1% with hip fractures [3]. The most commonly
self-reported injuries include superficial cuts and abrasions, bruises and sprains. The most common injuries that
require hospitalisation comprise femoral neck fractures,
other fractures of the leg, fractures of radius, ulna and
humerus and fractures of the neck and trunk [3]. Falls are
the leading cause of injury-related hospital admissions in
older people, accounting for 4% of all hospital admissions in this age-group [4].

http://www.biomedcentral.com/1471-2318/8/30

by a podiatrist [19-21]. In light of this, it is surprising to
find that podiatry has been largely overlooked in falls
intervention trials. Only one intervention study has
included foot and footwear assessment as part of a nurseled multifactorial approach to falls. In this study, the
assessments were conducted by trained nurses who
referred to a relevant specialist depending on the problem
found, which in the case of foot problems or inappropriate footwear was a podiatrist [22]. Furthermore, podiatry
currently plays a relatively minor role in multidisciplinary
falls clinics, with two recent surveys indicating that only 4
out of 25 Australian falls clinics [23] and 1 out of 105
National Health Service trusts in London involved in falls
prevention activities [24] utilised podiatrists.

It is now well recognised that falls result from an interaction between environmental hazards and a broad array of
physiologic risk factors, including impaired vision,
reduced muscle strength, diminished peripheral sensation
and slow reaction time [5]. However, one potentially significant falls risk factor that has only recently been
explored is foot impairment. Foot problems affect one in
three community dwelling people over the age of 65 years
[6,7] and are associated with reduced walking speed and
difficulty performing activities of daily living [8-10]. A
recent prospective study of 176 older people indicated
that ankle flexibility, toe plantarflexor strength and
plantar sensation were significant and independent predictors of balance and functional test performance,
explaining up to 59% of the variance in these test scores
[11]. A 12-month follow-up of this cohort confirmed that
these factors, in addition to foot pain, were significant
independent predictors of falls [12].

While falls prevention guidelines have recommended that
older people have their feet and footwear examined by a
podiatrist, these guidelines do not specify the assessment
or intervention activities to be undertaken. This may be
due to the limited amount of evidence from clinical trials
regarding the efficacy of podiatry treatment in reducing
pain, improving mobility and decreasing the risk of falls.
Although callus debridement and accommodative padding have been shown to reduce weightbearing pressures
under the foot [25-27] and reduce pain [28-30], a small
pilot study by Balanowski and Flynn is the only study to
assess any form of podiatric treatment in relation to functional ability and balance in older people [28]. Functional
and static balance tests were conducted before and seven
days after scalpel debridement of painful plantar keratoses
in 19 older people. Follow-up tests indicated significant
improvements in functional ability, however the small
sample size, lack of a control group and short follow-up
time indicate that further work in this area is required.

In addition to foot pain and impairment, inappropriate
footwear may also play a role in increasing falls risk. A
number of studies have assessed footwear in older people
who have fallen, and the evidence indicates going barefoot or wearing stockings increases the risk of a fall, as
does an increased heel height and smaller sole contact
area [13,14]. A number of other studies have investigated
the main features of a shoe thought to affect balance, with
heel height [15], heel collar height [16], fixation (method
used to attach the shoe to the foot) [17] and the slip resistance properties of the sole [18] all being associated. This
evidence suggests there is a relationship between footwear
and falls and that wearing appropriate footwear may
reduce the risk of falls.

An additional factor that has been largely overlooked in
the literature is the role of foot and ankle stretching and
strengthening in improving balance and decreasing the
risk of falls. Although muscle weakness has been shown to
be an important risk factor for falls [31] and exercise is recommended in recent evidence-based guidelines for falls
prevention [32-34], only one study has demonstrated that
increasing toe plantarflexor strength can improve balance
ability [35]. Similarly, while reduced ankle flexibility is
associated with falls [12], few studies have directly evaluated the potential benefits of ankle stretching and
strengthening in improving balance even though it has
been shown to improve with stretching [36] and water
exercise [37].

Given the emerging evidence that foot problems and
inappropriate footwear increase the risk of falls, it has
been suggested that podiatry may have a role to play in
falls prevention, with several guidelines recommending
that older people have their feet and footwear examined

Given the detrimental effects of foot problems and inappropriate footwear and the paucity of studies undertaken
to ascertain the efficacy of podiatry treatment in falls prevention, the aims of this project are to determine the effectiveness of a multifaceted podiatry intervention in (i)
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reducing disabling foot pain, (ii) enhancing balance and
mobility, and (iii) preventing falls in older people.

Methods
Design
This study is a parallel-group randomised trial with a oneyear follow-up (Figure 1). The Human Ethics Committee
of La Trobe University Human has approved the trail and
all participants will give written informed consent. Participants will be randomly allocated to either a "usual care"
control group or the "multifaceted podiatry" intervention
group. Permuted block randomisation will be undertaken
using an interactive voice response telephone service provided by the National Health and Medical Research Council Clinical Trials Centre at the University of Sydney.
Assessors will be blinded to group allocation but due to
the nature of the trial, the participants will not be blinded
to group allocation.
Participants
Community dwelling men and women aged 65 years and
over will be recruited by a mail-out letter from two databases: (i) people who are currently accessing podiatry
services at the La Trobe University Health Sciences Clinic,
Bundoora, Victoria, Australia and (ii) people who are currently accessing podiatry services at the Bundoora
Extended Care Centre, Victoria, Australia as well as from
advertisements placed in seniors newspapers and websites. Respondents will be initially screened by telephone
to ensure they are able to walk household distances without the use of a walking aid and are able to read and speak
basic English. Individuals who meet the initial screening
criteria will then be invited to be assessed for eligibility.

To be included in the study, participants must meet the
following inclusion criteria:
(i) an elevated risk of falling, defined as either a history of
a fall in the previous 12 months, a score of > 1 on the short
Physiological Profile Assessment (PPA) [5] or performance on the alternate stepping test (the time taken to alternately place each foot on a 19 cm high step eight times) of
> 10 seconds [38];
(ii) self-reported disabling foot pain (defined as people
who have had foot pain lasting for at least a day within the
last month and a positive response to at least one item on
the Manchester Foot Pain and Disability Index [39]);
(iii) cognitively intact (defined as a score of t 7 on the
Short Portable Mental Status Questionnaire [40]).
Participants will be excluded if they have Parkinson's disease (or other neurodegenerative disorders) or lower limb
amputation (including partial foot amputation).

http://www.biomedcentral.com/1471-2318/8/30

Control group
The control group will be asked to continue whatever
podiatry treatment they currently receive for the 12
months of the study. All participants will be offered basic
podiatry treatment free of charge in the La Trobe University Health Sciences clinic for the 12 months of the study
regardless of whether they are current patients of the
clinic. This will typically include toenail maintenance and
scalpel debridement of hyperkeratotic lesions (corns and
calluses). This intervention is consistent with the usual
ongoing "maintenance" care that is provided to older people attending public sector podiatry services (such as community health centres, outpatient podiatry clinics and
Department of Veterans' Affairs subsidised private podiatry).
Intervention group
The intervention group will also be asked to continue
whatever podiatry treatment they currently receive for the
12 months of the study and all participants will be offered
basic podiatry treatment free of charge in the La Trobe
University Health Sciences clinic for the 12 months of the
study regardless of whether they are current patients of the
clinic. In addition, they will receive a multifaceted podiatry intervention consisting of:

(i) Footwear advice and provision: participants' outdoor
footwear will be assessed using a footwear assessment
form for which the component variables have been
shown to have good intra-rater reliability (intra-rater
kappa 0.62 – 1.0) [41]. Participants will be deemed to
have inappropriate footwear if the heel height is greater
than 4.5 cm or the shoe has any two of the following; no
fixation, no heel counter or the heel counter can be
depressed to greater than 45°, the tread pattern of the sole
is fully worn or manufactured with a smooth sole, or the
shoe heel width is narrower than the participant's heel
width by greater than or equal to 20%. Participants with
inappropriate footwear will be counselled regarding the
specific hazardous footwear feature/s identified, and will
be provided with a handout on what constitutes a safe
shoe. They will then be given the contact details of an
extra-depth and medical grade footwear retailer and will
be asked to purchase a more appropriate pair of shoes.
Their purchase of footwear will be assisted by the provision of an AUD$100 voucher.
(ii) Foot orthoses: Prefabricated insoles (Formthotics™,
Foot Science International Ltd, Christchurch, New Zealand) manufactured from a thermoformable cross-linked
closed cell polyethylene foam will be shaped to fit the participant's foot (Figure 2). The orthoses will then be appropriately customised using 3 mm thick PPT urethane to
redistribute pressure away from plantar lesions (Figure 3).
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Figure 2
Prefabricated
orthoses (Formthotics(tm), Foot Science International Ltd, Christchurch, New Zealand) used in the study.
Prefabricated orthoses (Formthotics(tm), Foot Science International Ltd, Christchurch, New Zealand) used in
the study.

(iii) Home-based exercise program: participants will be provided with instructions and practical demonstrations at
the baseline assessment to allow them to undertake a 30
minute home-based exercise program aimed at stretching
and strengthening the muscles of the foot and ankle.
Strength will be assessed at baseline and appropriate
intensity prescribed. A summary of the individual exercises is provided in Table 1. All necessary equipment to
undertake the exercise program, including an Archxerciser™ (Elginex Corporation, Lombard, Illonois, USA)
(Figure 4) will be provided. Participants will also be given
an illustrated explanatory booklet of each exercise, a DVD

demonstrating the exercises and an exercise diary to be
returned monthly to the researchers. The program will be
performed three times per week for six months, and participants will be contacted at one, four, twelve and twenty
weeks by telephone to promote adherence to the program.
(iv) Falls prevention education: the booklet "Don't fall for it.
Falls can be prevented!" subsidised by the Commonwealth Department of Health and Ageing will be provided. This booklet provides a general overview of risk
factors for falls and outlines strategies to prevent falls,
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Figure 3used
Examples
orthoses
of insole
in the
designs
study.to redistribute pressure away from plantar hyperkeratotic lesions to be incorporated into the foot
Examples of insole designs to redistribute pressure away from plantar hyperkeratotic lesions to be incorporated into the foot orthoses used in the study.
including regular eye checks, medication assessment,
household hazard assessment and general exercise guidelines.
Baseline assessments
Demographic data will be collected at baseline and will
include age, gender, height, weight, country of birth, edu-

cation, source of income, falls history, eye problems,
health conditions, medications, walking aids, use of community services, foot problems, foot posture and use of
podiatry services. The Active Australia survey questionnaire
will be used to obtain a baseline measurement of the
physical activity levels of the participants [42].

Table 1: Description of specific exercises.

Name

Description

Ankle range of motion

Sitting with leg extended. Rotate foot in
clockwise direction then anti-clockwise
Sitting, hip and ankle at 90°. Dorsiflex
both feet to end range of motion and
hold.
Ankle inversion strength
Sitting, hip and ankle at 90°. Invert foot
against resistive exercise band anchored
by chair leg
Ankle eversion strength
Sitting, hip and ankle at 90°. Evert foot
against resistive exercise band anchored
by chair leg
Ankle plantarflexion strength From standing, rise up on to toes of both
feet and back down
Gastrocnemius stretch
Standing stretch leaning against wall.
Stretch leg is extended with knee locked.
Support leg forward with knee bent
Toe plantarflexion strength
Heel on plate of Archxerciser™. Toes
over spring loaded toebar. Retract bar
Toe plantarflexion strength
Pick up 25 mm stones and place in box.
Ankle dorsiflexion strength

Adductor hallucis stretch

Elastic band around both hallux. Move
feet apart

Dosage

Increments

1 × 10 repetitions for each foot in
each direction
Hold feet in dorsiflexion for 3 ×
10 seconds

None

3 × 10 repetitions for each foot

Increase resistance strength of
resistive exercise band

3 × 10 repetitions for each foot

Increase resistance strength of
resistive exercise band

3 × 10 repetitions

Increase repetitions up to
maximum of 50.
Increase forward lean to increase
stretch as required

Hold stretch for 3 × 20 seconds
on each leg

Increase repetitions up to
maximum of 10

3 × 10 repetitions for each foot

Increase distance bar is retracted

Pick up 2 × 20 stones for each
foot.
3 × 20 seconds

None
None

All exercises to be performed 3 times a week for 6 months from baseline to follow up assessment.
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Figure
The
Archxerciser
4
(Elginex Corporation, Lombard, Illinois, USA) to strengthen toe plantarflexor muscles..
The Archxerciser (Elginex Corporation, Lombard, Illinois, USA) to strengthen toe plantarflexor muscles..

Primary outcome measures
All participants will be followed for 12 months following
baseline assessment to record the number of falls. Falls,
defined as "an unexpected event in which the participant
comes to rest on the ground, floor, or lower level" [43]
will be monitored using monthly mail-out calendars.
When a fall occurs, specific details about fall injuries will
be obtained through structured telephone interviews. If
falls calendars are not returned at the end of each month,
research staff will contact the participants by telephone to
obtain the missing data. Consistent with the recommendations of the Prevention of Falls Network Europe group,
three falls outcomes will be used as the primary outcomes:
the number of fallers, the number of multiple fallers and
the falls rate. As a safety measure, the time to first fall will
be recorded as a secondary measure to reflect adverse
events from the intervention [43].

Secondary outcome measures
All participants will be assessed at baseline and at six
months by an assessor blinded to group allocation. The
secondary outcome measures include:

(i) Foot pain: the Manchester Foot Pain and Disability
Index (MFPDI) will be used to assess foot pain [39]. The
MFPDI consists of 19 statements prefaced by the phrase
"Because of pain in my feet", formalised under three constructs: functional limitation (10 items), pain intensity
(five items), and personal appearance (two items), with
three possible answers: "none of the time" (score = 0),
"some days" (score = 1), and "most days/every day" (score
= 2). The last two items are concerned with difficulties in
performing work or leisure activities, which are omitted if
the respondent is of retirement age. The total score (range:
0 to 34) will be used to measure the degree of improve-
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ment in foot pain. The MFPDI has been shown to be a
suitable tool for assessing foot pain in the older population [44], has high construct validity and has been shown
to be sensitive to improvement following a self-management intervention [45].
(ii) Physiological falls risk: changes in physiological falls
risk will be assessed using the Physiological Profile Assessment (PPA) [5]. Based on the performance of five physiological domains (vision, proprioception, strength,
reaction time and balance), the PPA computes a falls risk
score (standardised score) for each individual; this measure has a 75% predictive accuracy for falls in older people
[46]. The five assessment items (Figure 5) are a test of
vision (edge contrast sensitivity using the Melbourne Edge
test), peripheral sensation (lower limb proprioception),
lower limb strength (knee extension strength), reaction
time using a finger press as the response, and body sway
(sway when standing on a medium density foam rubber
mat). Details regarding each of these tests are provided
elsewhere [5]. Several studies have reported significant
improvements in PPA scores following exercise interventions [47,48].
(iii) Fear of falling: Fear of falling will be measured using
the 7-item short Falls Efficacy Scale-International (FES-I)
[49]. The FES-I uses a Likert scale to score the participant's
level of concern regarding the possibility of falling when
performing certain activities of daily living (e.g. taking a
bath/shower or climbing up or down stairs). There are
four responses which are: "not at all concerned" (score =
1), "somewhat concerned" (score = 2), "fairly concerned"
(score = 3) and "very concerned" (score = 4). The total
score ranges from 7 (no concern about falling) to 28
(severe concern about falling). The FES-I has been shown
to have excellent validity [50] and reliability in the older
people (Cronbach's alpha 0.92, ICC = 0.83) [49].
(iv) Generic health related quality of life: Mental and physical health status will be measured with the Mental (MCS12) and Physical (PCS-12) Component Summary scores
of the short form Health Survey (SF-12). The SF-12 was
developed and validated as a shorter alternative to the SF36 [51]. To calculate PCS-12 and MCS-12 scores, SF-12
items are scored and normalized via a standardised algorithm. PCS-12 and MCS-12 scores range from 0 to 100,
with higher scores indicating better functioning. The
MCS-12 and PCS-12 were designed to have a mean score
of 50 and a standard deviation of 10 in a representative
sample of the US population [52]. Test-retest correlations
of 0.89 and 0.76 were observed for the 12-item PCS-12
and the MCS-12, respectively [51].
(v) Foot and ankle strength: Maximal isometric muscle
strength of foot and ankle muscles (ankle dorsiflexion,
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plantarflexion, inversion and eversion, hallux plantarflexion and lesser toe plantarflexion) will be assessed as the
average of three trials using a hand held dynamometer
(Citec, CIT Technics, Haren, The Netherlands). Using
hand-held dynamometry for testing foot and ankle
strength has been shown to have good reliability (ICC
0.88 to 0.95) [53]. Plantarflexion strength of the toes will
also be tested using the paper grip test, where the participant is seated with their knee and ankle at 90°, and
instructed to use their toe muscles to push down on a 1
mm piece of card (e.g. a business card) while the examiner
stabilises their ankle and attempts to slide the card away
from the toes (Figure 6A). An inability to hold the card on
any one of three trials is recorded as a fail. Using receiver
operating characteristics (ROC) curves, this test has been
shown to have a positive predictive value of detecting
weakness of 95% for the hallux and 90% for the lesser toes
[54]. Maximal isometric muscle strength for ankle dorsiflexion will also be measured as the maximum of three trials with the participant sitting in a high chair with their
foot secured to a footplate attached to a spring gauge (Figure 6B). This test has been shown to have good reliability
(ICC 0.88) [5]. Testing will be conducted on the selfreported dominant side identified by the response to the
question "Which foot would you use to kick a ball with?".
(vi) Foot and ankle range of motion: First metatarsophalangeal joint dorsiflexion range of motion will be measured
using a goniometer as the maximum angle at which the
hallux cannot be passively moved into further extension
in a non-weightbearing position (Figure 7A). The reliability of this test (ICC 0.95) has been reported previously
[55]. Ankle dorsiflexion flexibility will be recorded using
a modified version of the lunge test which has been
shown to have high reliability (ICC = 0.88) [56]. Participants will be asked to take a comfortable step forward and
squat as low as possible, keeping their trunk upright, without lifting the heel of their backfoot from the ground. The
degree of motion will be recorded using a digital inclinometer placed on the mid-point of the anterior tibial
border (Figure 7B). The test will be conducted with the
knee extended and then with the knee flexed [57,58]. To
assess ankle inversion and eversion, participants will be
seated with the lower leg unsupported. Landmarks will be
made on the participants at the midpoint between the
malleoli on the anterior aspect of the ankle, the midline
on the anterior aspect of the lower leg using the crest of
the tibia as a reference point, and the longitudinal midline
on the anterior surface of the second metatarsal. A flexible
universal goniometer will be aligned along the landmarks
and the participants will move their ankle from a selfselected neutral position actively to the end of range of
inversion and eversion (Figure 7C). High intra-observer
reliability has been reported for these tests (ICC 0.82 to
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The short-form Physiological Profile Assessment tests. A: Visual contrast sensitivity, B: proprioception, C: knee extension strength, D: reaction time, E: postural sway standing on a foam rubber mat.
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Muscle strength assessment of A: toe plantarflexors, and B: ankle dorsiflexors.
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Assessment of joint range of motion in the foot. A: first metatarsophalangeal joint, B: ankle joint dorsiflexion, C: ankle
joint complex inversion/eversion.
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0.96) [59]. Testing will be conducted on the self-reported
dominant side.
(vii) Balance and functional ability: Balance will be assessed
through four tests. Postural sway will be measured as previously described in the section regarding the PPA (Figure
8A). The reliability (ICC 0.57 to 0.68) of this test has been
reported previously [60]. Lateral stability will be measured using a sway meter that measures displacement of
the body at the waist with testing performed with the participant standing with one foot in front of the other. Participants will choose which foot to place in the forward
position and will be instructed to stand as still as possible
for 30 seconds. Lateral displacement of the body will then
be recorded [61]. Leaning balance will be measured using
the maximum balance range test and coordinated stability
tests [62]. For the maximum balance test, (Figure 8B) the
sway meter is attached around the waist with the rod
extending anteriorly. Participants are asked to lean forward then backwards from the ankles without moving
their feet, as far as possible, i.e. to the point where they can
just retain their balance. Maximal anterior-posterior displacement is measured over three trials. Using similar
apparatus, the coordinated stability test (Figure 8C)
requires the participant to bend and rotate at the hips
without moving their feet to move the sway meter pen
around a convoluted track marked on a piece of paper
attached to the top of an adjustable height table. A total
error score is calculated by summing the number of occasions the pen strays outside the track [62]. Good reliability
has been reported for both the maximum balance test
(ICC = 0.74) and the coordinated stability test (ICC =
0.83) [62] and both tests are predictive of falls[63]. These
tests will be performed twice, once with the participant
barefoot and again with their preferred outdoor footwear.
Lateral stability, maximum balance range, coordinated
stability and walking speed will be corrected for height
prior to analysis [11].
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power to detect a 30% reduction in the intervention group
in the primary outcome of the percentage of fallers. This
reduction in falls was based on the following: (i) a falling
rate of 60% in the control group (as has been observed in
older people with foot pain in a previous risk factor study
by Menz et al [12]), and (ii) a falling rate of 42% in the
intervention group (which equates to a 30% reduction in
the number of fallers, recently demonstrated in a similar
multifaceted study by Clemson et al [68]). We chose an
alpha level of 0.05 and allowed for a drop-out rate of
15%. To allow for unforeseen circumstances we will aim
to recruit 300 participants (i.e. 150 per group).
Statistical analysis
Statistical analysis will be undertaken using SPSS version
14.0 (SPSS Corp, Chicago, Ill, USA) and STATA 8 (Stata
Corp, College Station, Tex., USA) statistical software. All
analyses will be conducted on an intention-to-treat principle using all randomised participants [69]. Missing data
will be replaced with the last score carried forward. Demographic characteristics and baseline data will be summarised by descriptive statistics. Consistent with the
recommendations of the Prevention of Falls Network
Europe group [43], three falls outcomes will be used as the
primary outcomes: the number of fallers, the number of
multiple fallers and the falls rate. The number of fallers
and multiple fallers (two or more falls) will be compared
by calculating relative risks. The number of falls and falls
rate per person per year in the two groups will then be
compared using negative binomial regression models.
This approach takes into account all falls and adjusts for
varying duration of follow-up [70,71]. The continuouslyscored secondary outcome measures at baseline and the
six month follow-up appointments will be compared
using analysis of covariance with baseline scores and
intervention group entered as independent variables
[72,73].

Discussion
Functional ability will be evaluated using the sit to stand
test (time taken to rise from a 43 cm high chair five times
without using the arms) (Figure 8D), alternate stepping
test (the time taken to alternately place each foot on a 19
cm high step eight times) (Figure 8E), and walking speed
over 6 metres (Figure 8F). These tests have been shown to
be reliable in previous studies of older people (sit to stand
(ICC = 0.89) [64], alternate stepping test (reliability coefficient of 0.98) [65] and 6 m walk (reliability coefficient
of 0.93) [66] and have demonstrated good sensitivity and
specificity in identifying multiple fallers [38].
Sample size
The sample size for the study has been determined a priori
using an appropriate sample size formula [67]. A sample
size of 143 participants in each group provides 80%

This study is a randomised trial designed to investigate
whether a multifaceted podiatry intervention can prevent
falls, enhance balance and reduce disabling foot pain in
older people. It will report on all the outcome measures
recommended by Prevention of Falls Network Europe, a
collaborative project to promote best practice in research
in falls in older people. These outcome measures are falls,
fall injury, physical activity, psychological consequences,
and generic health related quality of life [43].
While current guidelines [20,32] generally recommend
multifactorial interventions, a recent meta-analysis has
highlighted that a single targeted intervention can be as
effective as multifactorial fall prevention programs [74].
The current study targets podiatry interventions using a
multifaceted approach. The trial interventions are all
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alternate step test, F = walking speed.
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management strategies commonly used by podiatrists for
treatment of foot-related problems in the general population. While there is some evidence that these interventions can improve balance, this is the first trial to combine
specific foot and shoe-related interventions in a falls prevention trial.
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have all been shown to increase adherence. To optimise
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RESEARCH AND GRADUATE STUDIES OFFICE

MEMORANDUM

To:

Associate Professor Hylton Menz, Musculoskeletal Research Centre,
Faculty of Health Sciences

From:

Secretary, La Trobe University Human Ethics Committee

Subject:

Review of Human Ethics Committee Application No. 07-118

Title:

Randomised controlled trial of a multifactorial podiatry intervention to
improve balance and prevent falls in older people

Date:

12 October 2007

Thank you for submitting your application for ethics approval to the La Trobe University Human
Ethics Committee (UHEC) for the project referred to above.
Your response was forwarded to a subcommittee of the UHEC, who has assessed the project as
complying with the National Health and Medical Research Council’s National Statement on
Ethical Conduct in Human Research and with University Human Research Ethics Guidelines.
Your project has been granted ethics approval. You may now commence the study.

The project has been approved to 31 November 2010.

Please note that your application has been reviewed by a sub-committee of the UHEC in the
interest of facilitating a decision on your application before the next committee meeting. The
decision to approve your project will need to be ratified by the full UHEC and consequently
approval for your project may be withdrawn or conditions of approval altered. However, your
project may commence prior to ratification of the approval decision. You will be notified if the
approval status of your project is altered.
The following standard conditions apply to your project:
• Complaints. If any complaints are received or ethical issues arise during the course of the
project, researchers should advise the Secretary of the UHEC on telephone (03) 9479 1443;
• Limit of Approval. Approval is limited strictly to the research proposal as submitted in your
application while taking into account the conditions and approval dates advised by the UHEC;
• Variation to Project. As a consequence of the previous condition, any subsequent variations
or modifications you may wish to make to your project must be notified formally to the UHEC.
This can be done using the appropriate form (Application for Approval of Modification to
Research
Project)
which
is
available
on
the
internet
at
http://www.latrobe.edu.au/www/rgso/ethics/ethics.htm or from the UHEC Secretary in
electronic or hard copy. If the UHEC considers that the proposed changes are significant,
you may be required to submit a new application form for approval of the revised project;
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• Progress Reports. You are required to submit a Progress Report form annually, by 12
February (if your project continues for more than 12 months) and at the conclusion of your
project. The form is also available on the internet (see above address) and can be collected in
electronic or hard copy. When completed the form should be returned to the Secretary of the
UHEC. Failure to submit a progress report will mean approval for this project will lapse. An
audit may be conducted by the UHEC at any time.
A Final Report will be due by 31 May 2011.
If you have any queries on the matters mentioned above or require any further clarification please
contact me at the Research and Graduate Studies Office on telephone (03) 9479 1443, facsimile
(03) 9479 1464 or e-mail address humanethics@latrobe.edu.au

Barbara Doherty
Acting Secretary
La Trobe University Human Ethics Committee
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FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

Date
Dear (persons name),
RE: INVITATION TO PARTICIPATE IN A PODIATRY AND FALLS RESEARCH PROJECT
The Musculoskeletal Research Centre at La Trobe University is conducting a research project
investigating the effects of podiatry intervention on falls and balance in the older population. You
have been sent this letter as a past or current patient of the Bundoora Extended Care Podiatry
Clinic, as you may be eligible to participate in the project.

Falling and the consequences of such an event are common health risks experienced as a person
ages. The aim of our research is to determine if podiatry interventions are effective in improving
balance and preventing falls in the older population.

As a project participant, you will be required to attend 2 project appointments at the La Trobe
university podiatry clinic for data collection, where you will be asked to perform some assessments
and answer some questionnaires for the researchers.

Details regarding participation and about the research project can be found in the information
document enclosed with this letter.

If you have further questions, or if you are interested to participate in the project, please contact
either Reza or Elin on 9479 5258 or you can email them at m.footohabadi@latrobe.edu.au and
e.wee@latrobe.edu.au respectively. Alternatively, you can fill in the attached response form and
return it to us in the reply-paid envelope. We will contact you once we receive it.
We look forward to hearing from you.
Regards

Falls RCT Research Team
Martin Spink (PhD Candidate)
Reza Footohabadi (Research Officer)
Elin Wee (Research Officer)

Musculoskeletal Research Centre
La Trobe University, Bundoora, Victoria 3086, Australia
Ph. +61-3-9479 5258, Fax. +61-3-9479 5415
Email: m.spink@latrobe.edu.au
www.latrobe.edu.au/mrc
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FEET AND FALLS
Volunteers for
Falls Research Project
The Musculoskeletal Research Centre at
La Trobe University is conducting a
government funded research study to
assess how podiatry treatment may
improve balance and prevent falls in
people with foot pain.

	
  

To be eligible for the study, you must:



Be aged 65 years or older
Have had foot pain in the last month

	
  

If you are interested to
participate, or for
more information,
please contact us on:
9479 5258

9479 5258

FREE PODIATRY
TREATMENT
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Appendix 6 Advertising flyer used at
Bundoora Extended Care Facility
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Date :

Subject Code:

Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

Physical Screening Form
PARTICIPANT INFORMATION

First Name:

Last Name:

DOB:

SUBJECT CODE:

TESTER:

RF

EW

Date of Baseline Testing:

For official use
Screening result: Pass

Fail

Collect & Complete
Consent Form:
Baseline General Questionnaire
Data Entered

1
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Date :

Subject Code:

Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora
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2
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Date :

Subject Code:

Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

Physical Screening Form
MANCHESTER FOOT PAIN DISABILITY INDEX (MFPDI)
Below are some statements about problems people have because of pain in their feet.
If you have more than one sites of pain in your feet, please answer in regard to the site that is the MOST
painful.
For each statement , place a tick in the box to indicate how often the statement applied to you in the past
month.

Because of pain in my feet:

none of
the time

on some
days

on most /
every day/s

I avoid walking outside at all MFPDI1

1

2

3

I avoid walking long distances MFPDI2

1

2

3

I don’t walk in a normal way MFPDI3

1

2

3

I walk slowly MFPDI4

1

2

3

I have to stop and rest my feet MFPDI5

1

2

3

I avoid hard or rough surfaces when possible MFPDI6

1

2

3

Because of pain in my feet:

none of
the time

on some
days

on most/
every day/s

I avoid standing for a long time MFPDI7

1

2

3

I catch the bus or use the car more often MFPDI8

1

2

3

I need help with housework / shopping MFPDI9

1

2

3

I still do everything but with more pain or discomfort MFPDI10

1

2

3

I get irritable when my feet hurt MFPDI11

1

2

3

I feel self-conscious about my feet MFPDI12

1

2

3

I get self-conscious about the shoes I have to wear MFPDI13

1

2

3

I have constant pain in my feet MFPDI14

1

2

3

My feet are worse in the morning MFPDI15

1

2

3

My feet are more painful in the evening MFPDI16

1

2

3

I get shooting pains in my feet MFPDI17

1

2

3

Tick here when you have read all the statements on this page

3
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Date :

Subject Code:

Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

MANCHESTER FOOT PAIN DISABILITY INDEX (MFPDI) – Foot
Only complete if patient has pain in their feet.
How long have you had foot pain?

MFPDI18

_____________ weeks

Where is your foot pain? (locate on diagram)
Right foot –
Has patient got R-foot pain

Left foot
Has patient got L-foot pain

MFPDI19

MFPDI20

Yes1

No2

Yes1

No2

4
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Date :

Subject Code:

Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

FUNCTIONAL TESTS
Alternate stepping test
Screening test: if time taken ≥10s, PASS

Time taken (s) STEP

6m walk test
Time taken (s) WALK1

No. of steps WALK2

Sit to stand test (5 reps)
Time taken (s) SS

5
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Date :

Subject Code:

Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

PHYSIOLOGICAL PROFILE ASSESSMENT (PPA) – Short Form Screening
Dominant hand DomH: Right1

Side Assessed:

Left2

Dominant leg DomL:

Right1

Left2

Right / Left (assess dominant side where possible)
1

2

Contrast Sensitivity (MET)
MET score MET1: _______________
Corrective aid used MET2
None1

Reading glasses2

Distance glasses3

Bifocals4

Multifocals5

Contact lenses6

Reaction Time
Side Assessed:

PRACTICE

Right / Left
Time (ms)
Hand
Foot

TRIAL

Time (ms)
Hand
Foot

1

1

RTH1

FTF1

2

2

RTH2

FTF2

3

3

RTH3

FTF3

4

4

RTH4

FTF4

5

5

RTH5

FTF5

6

RTH6

FTF6

7

RTH7

FTF7

8

RTH8

FTF8

9

RTH9

FTF9

10

RTH10

FTF10

RTH

FTF

AV

6
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Date :

Subject Code:

Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

Proprioception

Trial No.

Angular
discrepancy

1 Prop1
2 Prop2
3 Prop3
4 Prop4
5 Prop5
33333333333333333331111111111111111117

Strength
Screening: Dominant knee extension

Side Assessed:

Right / Left

Knee Extn

Dominant

BEST

1
KES1R

2
KES2R

3
KES3R

KESR

Sway test
Time of test = 30s

EO
Barefeet, foam

AP (mm)
ST2

STAP

ML (mm)

PPA SCOREPPA:

PROJECT SCREEN

STML

(Pass, PPA ≥ 1)

PASS [ ]

1

FAIL [ ]

2

7

258

Appendix 8 Phone screening form

259

Date :

Subject Code:

Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

Phone Screening Form
Participant Details

First Name:

Last Name

Gender: Male / Female

File No.

DOB:

Age:

_____ / _____/ 19 ____

Address:

Phone no.:

Mobile:

Email:

BASELINE APPT:
Date

Comment

Followup

Ini.

For official use
Initial appointment made: Yes

No

Appointment letter sent
Baseline general questionnaire

1
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Date :

Subject Code:

Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK

2
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Date :

Subject Code:

Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

MEDICAL SCREEN
Have you been diagnosed with the following neurological conditions?Neuro1
PD

1

AD

2

Dementia

ALS

3

4

MS

5

Huntington

6

(FAIL if any ticked)

Encephalitis

7

None

TBI

9

8

Any other neurological condition? Neuro2Txt
Have you had any toe amputations? ToeAmp
If YES, how many toes? NoAmp

(FAIL if >1)

YES

1

NO

1

1

>1

Can you walk around inside your house (>10m) without using a walking aid?

2

2

AmbInd

(FAIL if NO)

YES

1

NO

2

YES

1

NO

2

(FAIL if NO)

Any lower limb surgery in last 3 months?Surg1

YES

1

NO

2

(PASS if NO)

Any surgery planned in next 6 months?Surg2

YES

1

NO

2

(PASS if NO)

Has it actually been booked? (Record date)

YES

1

NO

2

YES

1

NO

2

Have you had foot/feet pain in the last month? Pain1
SURGERY

FALLS HISTORY
Have you had any falls in the last 12 months?Falls1

(PASS if >YES)

SHORT PORTABLE MENTAL STATUS QUESTIONNAIRE (SPMSQ)
.

Tick box if correct

1. What is the date, month and year?
2. What is the day of the week?
3. What is the name of this place?
4. What is your phone number?
5. How old are you?
6. When were you born?
7. Who is the current Prime Minister?
8. Who was the Prime Minister before him?
9. What was your mother’s maiden name?
10. Can you count backwards from 20 by threes?
SCORE (count no. of ticks) SPMSQ1 (FAIL if <7)

ENGLISHENG

YES

1

NO

PHYSICAL SCREEN

2

YES [ ]

1

NO [ ]

2

3
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Date :

Subject Code:

BASELINE
Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

FOOTWEAR ASSESSMENT FORM
OFA1. General shoe style/ covering
Barefoot1

Socks only2

Stockings only3

Backless slipper4

Mule5

High heel6

Court shoe7

Boot8

Slipper9

Sandal10

Moccasin11

Athletic shoe12

Walking shoe13

Oxford shoe14

Ugg boot15
Surgical/ Bespoke footwear17

Thong16

Heel height (mm) OFA2

Forefoot sole height (mm) OFA3

OFA4. Fixation
None1

Laces2

Velcro4

Zips5

Straps/ buckles3

OFA5. Heel counter stiffness
<45o2

Minimal1

>45o3

N/A4

OFA6. Longitudinal sole rigidity
<45o2

Minimal1

>45o3

OFA7. Sole flexion point
At level of MTPJs1

Before MTPJs2

OFA8. Tread Pattern
Textured1

Sole hardnessOFA9

Smooth (ie no pattern)2

Partly worn3

Shoe Heel width (mm)OFA10

Fully worn4

Foot Heel width (mm)OFA11

FOOTWEAR SOLE IMPRINT on A3 paper

1
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PODIATRY AND FALLS RESEARCH PROJECT

PROJECT BOOKLET
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THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK
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PODIATRY AND FALLS PROJECT BOOKLET
Thank you for participating in this research project to reduce falls and improve balance in
older people.

This project booklet goes through the project activities for the 12 month duration of the
project, as explained to you at the end of the first assessment.

1. Regular podiatric treatment
Please continue to attend the La Trobe University podiatry clinic for your regular foot care
treatment.

For the 12 month duration of the project all your regular appointments at the podiatry clinic are
FREE, as we will pay for them as part of the project. The clinic administration will be informed
of your participation in this study and their computer updated so they know not to charge you
for your regular treatment. However if you require additional treatment such as nail surgery or
orthoses, these costs will be charged to you.

When you arrive for your podiatry treatments, please report to Reception as normal so they
know you are here. At the end of the treatment, book your next appointment with them.

If you need to change your podiatry appointment times, please ring the clinic Reception on
9479 5831.

2. Falls Booklet
This information booklet “Don’t fall for it. Falls can be prevented!” talks about the common
causes of falls and what you can do to reduce the chance of you falling.

Please read this booklet and take any action you feel appropriate to reduce your chance of a
fall.
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3. Safe shoe information

A FIRM HEEL COLLAR
TO PROVIDE STABILITY

LACES ENSURE THE SHOE
'HOLDS' ONTO YOUR FOOT
WHEN WALKING

A BEVELLED HEEL
TO PREVENT SLIPPING
A THIN, FIRM MIDSOLE
SO YOU CAN 'FEEL' THE
GROUND UNDERNEATH

A BROAD, FLARED HEEL
TO MAXIMISE CONTACT
WITH THE GROUND

A TEXTURED SOLE
TO PREVENT SLIPPING

SOFT OR STRETCHED UPPERS
MAKE YOUR FOOT SLIDE AROUND
IN THE SHOE
LACK OF LACES MEANS
YOUR FOOT CAN SLIDE
OUT OF THE SHOE

HIGH HEELS SHOULD
BE AVOIDED AS THEY IMPAIR
STABILITY WHEN WALKING

NARROW HEELS MAKE YOUR
FOOT UNSTABLE AND CAN
CAUSE ANKLE SPRAINS

SLIPPERY OR WORN SOLES
ARE A BALANCE HAZARD,
PARTICULARLY IN WET WEATHER
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4. Insoles
As part of this study, you may have been issued with an insole. This insole is designed to
support the arch of your foot, stabilise your heel and give some padding under the each and
ball of the foot.

You need to “wear in” the device slowly. Wear it for an hour the first day, then two hours the
next day, three hours the third day, and so on until you by the end of a week you can wear it
all day without discomfort.

It is normal for the insole to feel a bit strange at first and you may experience mild aches and
pains in your feet and legs as they adjust to the insole. However, if at anytime during

the first two weeks you experience pain that lasts for more than a day in your ankles, knees,
hips, or back you should stop wearing the orthoses and call us on 9479-5258.
After the one week “wear in” period, please wear this insole as often as possible. It can be
transferred from one pair of shoes to another although it will not fit in all shoes.
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5. Exercise Program
Increased strength and range of motion of the joints has been shown to prevent falls.
You have been given the following exercise program to perform to help improve your
strength and movement in the feet and ankles. Please perform this three times a week on
days that are convenient to you.
The following pages contain instructions and pictures describing the exercises that were
demonstrated to you at the appointment. Please use the instructions and pictures to help you
as you perform your exercise program. If you have a DVD player at home, you would have
been also given an accompanying instructional DVD for the program.
You may experience some muscles soreness from doing your exercises. This is normal with
any strengthening program. If the muscle soreness makes it uncomfortable to continue with
the exercises, stop them for a couple of days until you feel better, then resume again.
If the soreness does not improve after 48 hours, or if the soreness interferes with your ability
to sleep, stand or walk, stop all exercises and contact Martin Spink on 9479 5258.

Remember to tick the days on the exercise calendar that you performed the exercise
program.
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FALLS TRIAL HOME EXERCISE PROGRAM
WARM UP EXERCISE
1. Ankle circling
INSTRUCTIONS
Setup
1. Sit comfortably in a chair with both feet on
the ground.

Clockwise circling exercise
1. Lift one foot off the ground and hold it up in
the air.
2. Using slow and gentle movements, rotate
ankle and circle foot in a clockwise direction,
making as large a circle as possible.
3. Repeat 10 circles in clockwise direction,
then place foot down to rest.
4. Lift the other foot off and repeat 10
clockwise circles using this foot.

Anti-clockwise circling exercise
1. Lift the first foot off the ground again and
hold it up in the air.
2. This time, rotate the ankle and circle the foot
in an anti-clockwise direction again making
as large a circle as possible.
3. Repeat 10 circles in an anti-clockwise
direction and then place the foot down to
rest.
4. Lift the other foot off and repeat 10 anticlockwise circles using this foot.
Dosage
Do only 1 set of 10 circles in each direction on
each foot.

272

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

THERABAND EXERCISES
Attaching your theraband

Theraband
You have been provided with a piece of
theraband that has been double-looped and
knotted at its ends.
Attach the theraband loop around the leg of a
sturdy table as shown:

1. Hold the double-looped theraband horizontal
to the table leg with the knotted end pointing
away from the table.

2. Loop the knotted end over the smooth end.

3. Pull the smooth end through and tighten
the theraband around the table leg to
ensure that it is secure.

Resistance
Start with ______________ theraband.
Once you can complete all 3 sets of 10
repetitions of the theraband exercises
without any difficulty, progress onto
____________ theraband
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2. Ankle Inversion (turn-in) Exercise
INSTRUCTIONS
Setup
1. Place chair side-on to the table just behind where
the theraband is attached and sit in it with your
feet flat on the ground.

Inversion (turn-in) Exercise
1. Loop the free end of the theraband around your
foot that is closest to the table, at the level of the
base of the toes.

2. Pull your foot away from the table until the band is
taut.
3. Place your hands on your exercising knee to
prevent the knee from turning during the exercise.

4. Use your foot to pull on the theraband by slowly
turning your foot away from the table leg and
finishing with the inside sole of your foot off the
ground facing away from the table leg.
5. Slowly return the foot back to flat on the ground.
6. Repeat exercise for 10 times.
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3. Ankle Eversion (turn-out) Exercise
INSTRUCTIONS
Eversion (turn-out) Exercise
1. When you have finished with the inversion
exercise, remove the theraband from around
the inside of your foot and loop it around the
outside of your other foot in the same
manner, at the level of the base of the toes.

2. Pull your foot away from the table until the
band is taut.

3. Place your hands on your exercising knee to
prevent the knee from turning during the
exercise.

4. Use your foot to pull on the theraband by
slowly turning your foot away from the table
leg and finishing with the outside sole of your
foot off the ground facing away from the table
leg.
5. Slowly return the foot back to flat on the
ground.
6. Repeat exercise for 10 times.

Dosage
Do 3 sets of 10 repetitions.
Have a 30 second rest in between each set.

Turn the chair around and repeat the
movements with the opposite feet. As before
start with the inside foot for inversion, then
change the theraband to the outside foot for
eversion.
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4. Ankle Dorsiflexion (toe-up) Exercise
INSTRUCTIONS
Setup
1. Sit in a chair with both feet flat on the
ground.

Exercise
1. Lift your toes on both feet off the ground as
high as you can and hold for 10 seconds.
2. Ensure that your heels remain in contact
with the ground at all times.

Dosage
Start with 1 set of 3 repetitions, holding for 10
seconds each time.
If you can do 3 repetitions without difficulty or
muscle soreness the next day, increase by 1
rep to 4 repetitions of 10 seconds.
Keep increasing the number of repetitions until
you reach 10 repetitions. It does not matter if
you do not reach 10 repetitions.
You only need to do 1 set of repetitions for this
exercise.
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5. Arch Exercise
INSTRUCTIONS
Setup
1. Sit in the chair with your feet on the ground
and the ArchExerciser placed close to the
exercising foot.

2. Position the exercising foot on the
ArchExerciser as shown, with your heel on
the grey-pad and your toes over the slider.

Exercise
1. Grip the slider with your toes and pull it back
towards the heel by arching the middle of
your foot.
2. Do not allow the heel to slide backwards or
lift off the grey-pad.
3. Pull the slider back as far as possible, then
slowly release it by relaxing your foot.
4. Repeat 10 times.

Dosage
Do 3 sets of 10 repetitions on each foot.
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6. Toe Strengthening Exercise
INSTRUCTIONS
Picking up marbles with toes
Setup
1. Sit comfortably in a chair.
2. Place 20 marbles on the floor and an empty
container by the side of the marbles.

Exercise
1. Use your toes to pick up a marble off the
floor.

2. Release it into the container.
3. Keep picking up the marbles with your toes
until all 20 marbles have been picked up
and released into the container.
4. Tip the marbles out onto the floor again, and
repeat the exercise with your other foot.
Dosage
Repeat the exercise twice on each foot, each
time picking up 20 marbles.
If you have difficulty with picking up all 20
marbles with your toes, just pick as many as
you are able to.
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7. Big Toe Stretch
INSTRUCTIONS
Big toe pull
Setup
1. Sit comfortably in a chair.
2. Loop the rubber band provided around both
your big toes.

Exercise
1. Slide one foot away from the other until you
feel a comfortable stretch in your big toes
from the rubber band.
2. Keep both feet on the ground and hold the
stretch in the big toes for 20 seconds.
3. Relax and return the foot back to starting
position.
4. Repeat 3 times.
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8. Double Heel Raise Exercise
INSTRUCTIONS
Rising up on toes
Setup
1. Stand in front of a wall with hands on the wall
for balance with your feet flat on the ground
at a comfortable distance apart.

Exercise
1. Slowly rise up onto your toes on both feet.
2. Rise up as high as you can, then slowly
lower yourself back down onto the ground.
3. Repeat the exercise for 10 times.

Dosage
Do 3 sets of 10 repetitions.
Have a 30 second rest in between each set.
Progression
Start with 10 repetitions.
Once you can complete all 3 sets of 10
repetitions without any difficulty or soreness
next day, increase the number of repetitions by
2 to 12, and do 3 sets of 12 repetitions.
Keep increasing the number of repetitions by 2
up to 50 as you are able to. It does not matter if
you cannot go up to 50 repetitions.
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9. Calf Stretch in Standing
INSTRUCTIONS
Setup
1. Stand in front of a wall with your hands on the wall for
balance, feet flat on the ground at a comfortable
distance apart.

2. Place one foot backwards about a step length.
Ensure the back heel is flat on the ground at all times.
Keep your hips, knees and toes pointing forwards and
square to the wall at all times.

Stretch
1. Keeping the back leg straight, slowly bend the front knee
and bring yourself toward the wall.
2. Lean towards the wall until you feel a stretch in the calf
muscle at the back of your leg.
3. If you have gone as far as you can and cannot feel a
stretch, move your foot a little further behind and try
again.
4. Once you feel a medium-strong stretch in the back leg,
stop and hold the stretch for 20 seconds.
5. After 20 seconds, relax and have a little rest. Then repeat
the stretch again.
6. Repeat the stretch 3 times on 1 leg. Then change foot by
placing the other leg behind and repeat 3 stretches on
times on the other leg.
Dosage
Repeat 3 times on each leg or as able.
Hold the stretch for 20 seconds each time.
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SUMMARY OF EXERCISES AND DOSAGES

Name

Dosage

Increments

1. Ankle Circling Exercise

1 set x 10 circles
in each direction on each foot

No increment

2. Ankle Inversion
(turn-in) Exercise

3 sets x 10 repetitions
on each foot,
30 seconds rest between sets

Increase resistance
strength of
Theraband™

3. Ankle Eversion
(turn-out) Exercise

3 sets x 10 repetitions
on each foot,
30 seconds rest between sets

Increase resistance
strength of
Theraband™

4. Ankle Dorsiflexion
(toe-up) Exercise

1 set of repetitions,
holding 10 seconds each time

Start with 3
repetitions, increase
repetitions by 1 as
able until you reach
10 repetitions

5. Arch Exercise

3 sets x 10 repetitions
on each foot,
30 seconds rest between sets

Increase amount of
slider bar retraction
as able

6. Toe Strengthening Exercise
(Picking up marbles with toes)

2 sets x 20 marbles
on each foot,
30 seconds rest between sets

If you have difficult
with picking up
marbles, start with
picking as many as
you can and increase
as able up to 20.

7. Big Toe Stretch
(Big toe pull)

1 set x 3 repetitions
holding 20 seconds each time

Increase distance of
toe stretch as able

8. Double Heel Raise Exercise
(Rising up on toes)

3 sets x 10 repetitions,
30 second rest between sets

Increase repetitions
in each set by 2, up
to 50 repetitions as
able

9. Calf Stretch in Standing

1 set x 3 repetitions
on each leg,
holding 20 seconds each time

Increase distance of
behind foot as able

282

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

6. Falls and Exercise Calendar
At the end of your first project appointment, you were given a Falls and Exercise Calendar
and a suction hook for hanging it up on the fridge.
Falls Calendar
The Falls Calendar is used to keep track of falls (if any) that you may have for the duration
of the project. You will have to complete all 12-months of the Falls Calendar.
The definition of a fall is:
Where you have lost your balance, including a trip or a slip, and landed on the
floor or ground, or landed on a lower level like your chair or bed.
If you do have a fall:


Please put a tick against the day you had a fall on the calendar.



Ring us on 9479 5258 as soon as convenient and practicable.



It does not matter how minor the fall is, please give us a ring.



If you have more than one fall in a month we would like you to call us after EVERY fall.



If the phone is unanswered, please leave a message on the answer phone and we
will get back to you shortly
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If you do NOT have a fall:


If you have NOT had a fall in the month, tick the circle at the bottom of the calendar
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Exercise Calendar
The Exercise Calendar is used to keep track of when you perform your home exercise
program for the project. You only have to complete 6-months of the Exercise Calendar.

You have also been given a home exercise program. You have to do your exercises
3 times a week.
On the days that you do your exercises:
 Please put a tick against the day on the exercise calendar.

At the end of each month:


Tear off the calendar page for that month and post it back to us in one of the
reply-paid envelopes that we have given you. (These envelopes are pre-paid so you
do not need a stamp, just put it in the post box.)



Remember to return us the calendar page at the end of EVERY MONTH.
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In summary
Project appointments


Baseline – already completed



Followup – 6 months from Baseline (we will contact you closer to date to set
appointment)

For 12 months


Complete Falls Calendar for every month of 12 months



Attend podiatry appointments at the Clinic as you would usually do. There no need to
increase or decrease your visits, just attend as per normal



Wear insoles in closed-in outdoor shoes as often as possible/ practicable

For 6 months


Perform home exercise program 3 times a week



Complete Exercise Calendar for every month of 6 months

At the end of every month


Return completed Falls and Exercise Calendar page for that month in the addressed,
reply-paid envelope

Contact us on 9479 5258 if:


You have a fall. Call us as soon as practicable and convenient



You have any problems or queries about the home exercise program



You have any problems with your insoles



You have any queries about the project

Many thanks for your help and assistance in this research project.

Falls RCT Research Team
Martin Spink (PhD Candidate)
Reza Footohabadi (Research Officer)
Elin Wee (Research Officer)
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Appendix 11 Foot and ankle exercise
DVD
	
  
The DVD used to explain the foot and ankle exercise programme used in the falls trial
can be found in the pocket on inside back cover.
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3

10

17

24

2

9

16

23

SUN

30

25

18

11

4

TUES

26

19

12

5

WED

27

20

13

6

THURS

28

21

14

7

FRI

You have a fall, even if it was minor

You have any queries

§

§

Please call the researchers on 9479 5258 if:

I had NO falls this month m

MON

29

22

15

8

1

SAT

EXERCISE CALENDAR

23

16

9

2

30

SUN

24

17

10

3

31

25

18

11

4

TUES

26

19

12

5

WED

27

20

13

6

THURS

28

21

14

7

FRI

SAT

29

22

15

8

1

post it back to the researchers using the reply-paid envelope

At the end of the month, please tear off this page and

MON

On the days that you have done your exercises, please place a tick (ü
ü) in
the date box.

AUGUST 2009

If you have a fall, place a cross (X) in the date box on the day it occurred.
ü) next to the statement at the bottom.
If you did not have a fall, place a tick (ü

FALLS CALENDAR

Participant Name:
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FALLS CALENDAR

AUGUST 2009

25

18

11

4

You have a fall, even if it was minor

You have any queries

§

§

26

19

12

5

WED

27

20

13

6

THURS

28

21

14

7

FRI

29

22

15

8

1

SAT

post it back to the researchers using the reply-paid envelope

At the end of the month, please tear off this page and

I had NO falls this month m

TUES

If you have a fall, place a cross (X) in the date box on the day it occurred.
If you did not have a fall, place a tick (ü
ü) next to the statement at the bottom.

Please call the researchers on 9479 5258 if:

31

30

SUN

Participant Name:

290

291

Appendix 14 Participant information
sheet
	
  

292

PARTICIPANT INFORMATION SHEET
Randomised controlled trial of a multifactorial podiatry intervention to
improve balance and prevent falls in older people

Introduction
You have been invited to participate in this research project because you are aged over 65 years of
age and currently attend the Health Sciences Clinic for treatment of foot problems. The investigators
are conducting this study to evaluate whether podiatry treatment is effective in improving balance
and preventing falls.
Who is funding the study?
The study is being funded by the National Health and Medical Research Council of Australia.
What is involved?
You would need to see the investigators on two occasions including:
i. An initial appointment where you will be
a. Screened for your risk of falling and level of foot pain.
b. If eligible, based on your risk of falling and level of foot pain, you will be assessed for
muscle strength and balance and allocated to one of two treatment groups – time
approx. 2-3 hours;
ii. An appointment 6 months after the initial appointment to be re-assessed – time approx. 2 hours.
It is important that you can attend both of these appointments.
At the initial appointment, we will also provide you with a calendar to take home with you, so you
can keep a record of any falls you may have. We will ask you to keep a record of falls for 12 months.

Musculoskeletal Research Centre
La Trobe University, Bundoora, Victoria 3086, Australia
Ph. +61-3-9479 5258, Fax. +61-3-9479 5415
Email: m.spink@latrobe.edu.au
www.latrobe.edu.au/mrc
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In between the two appointments, you can continue to visit the clinic as you normally would for
ongoing treatment of your foot problems.
For the 12 months period of the study, all your usual foot care appointments at the podiatry clinic
will be free, therefore there will be no cost incurred by you during this study. However, you will
need to arrange your own transport to the clinic.
At the two appointments for this study we will ask you some questions about your foot problems,
undertake some tests to assess your risk of falling, and undertake some tests to assess the shape,
strength and range of motion in your feet. The tests are described as follows.
Falls risk assessment
The purpose of these tests is to assess your risk of falling. These tests are simple and non-invasive
and have been used in several previous studies of older people. Risks, while remote, include the
possibility of muscle strain when performing the leg strength tests and risk of falling while
undertaking the balance tests. A brief description of the tests is provided below:
(i)

Vision: will be assessed by asking you to read from a letter chart;

(ii)

Leg sensation: will be assessed by asking you detect when a series of fine plastic filaments
are placed on the surface of the skin on your leg;

(iii)

Leg strength: will be assessed by asking you to straighten your leg from a bent position,
while the force produced is measured with a spring gauge;

(iv)

Reaction time: will be measured by measuring the time it takes for you to press a button
on a computer mouse in response to the appearance of a light;

(v)

Balance: will be measured by asking you to stand as still as possible while the movement
of your body is recorded by a pen attached to your waist. This test is undertaken when
standing on a foam rubber mat.

Foot tests
The purpose of these tests is to assess the shape, strength and range of motion in your feet.
(i)

Foot posture: will be assessed by taking a carbon-paper imprint of your feet;

Musculoskeletal Research Centre
La Trobe University, Bundoora, Victoria 3086, Australia
Ph. +61-3-9479 5258, Fax. +61-3-9479 5415
Email: m.spink@latrobe.edu.au
www.latrobe.edu.au/mrc
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(ii)

Toe strength: will be assessed by asking you to use your toes to push against a device
that records the forces applied by your toes;

(iii)

Range of motion: will be assessed by moving your foot joints through their normal
range of motion and measuring the motion with a protractor.

What is the intervention (treatment)?
Everyone in the study will receive a treatment package which will include either usual treatment or
additional treatment. The type of treatment you receive will be dictated by the study; therefore you
have no choice as to the type you receive. You have an equal chance of receiving usual or additional
treatment.
If you are allocated to the usual treatment group, you will continue to receive the ongoing podiatry
treatment you have already been receiving in the clinic.
If you are allocated to the additional treatment group, you will continue to receive the ongoing
podiatry treatment you have already been receiving in the clinic, with the addition of the following
treatments:
(i)

Stretching and strengthening exercises for your feet that you can perform at home;

(ii)

Special insoles to place inside your shoes;

(iii)

Information about appropriate footwear, and if necessary, the provision of a voucher to
assist you in purchasing a new pair of shoes.

At the end of the study, we will provide you with a summary of the results once we have analysed
them.

Musculoskeletal Research Centre
La Trobe University, Bundoora, Victoria 3086, Australia
Ph. +61-3-9479 5258, Fax. +61-3-9479 5415
Email: m.spink@latrobe.edu.au
www.latrobe.edu.au/mrc
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Confidentiality
Any information you provide in this research project will be considered confidential. Your name is
initially required to coordinate the pre-treatment assessment with the post-treatment assessment.
After this, and once the data is entered into a computer, your name will be removed from the
results to ensure confidentiality. The results from this project will be presented in a thesis, at
conferences and in journals/textbooks, however you will not be able to be identified in any way.
Your rights
Participation in this research project is voluntary. You have the right to withdraw from the project at any
time by completing the attached Withdrawal of Consent form. In addition, your results may be obtained on
request. Please also note that if you do withdraw from the project, your treatment at the Health Sciences
Clinic at La Trobe University will not be affected in any way.
Who are the researchers involved in this research project?
The chief researchers involved in this research project are Associate Professor Hylton Menz, a
research fellow and podiatrist who works at the Musculoskeletal Research Centre at La Trobe
University, and Martin Spink, a PhD student and podiatrist who works at the Musculoskeletal
Research Centre at La Trobe University.
We appreciate your participation in this research project. If you have any questions, please do not
hesitate to ask at your appointments or contact Martin Spink on:
Telephone

(03) 9479 5258

E-mail

m.spink@latrobe.edu.au

If you have any complaints or queries that the investigator has not been able to answer
to your satisfaction, you may contact the Secretary, Human Ethics Committee,
Research and Graduate Studies Office, La Trobe University, Victoria, 3086, (ph: 03 9479
1443, e-mail: humanethics@latrobe.edu.au).

Musculoskeletal Research Centre
La Trobe University, Bundoora, Victoria 3086, Australia
Ph. +61-3-9479 5258, Fax. +61-3-9479 5415
Email: m.spink@latrobe.edu.au
www.latrobe.edu.au/mrc
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Date :

Subject Code:

BASELINE
Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

BASELINE GENERAL QUESTIONNAIRE
NAME : _____________________________________________

Thank you for contacting us to be a volunteer in the Podiatry and Falls Research Project.

We look forward to meeting you at your initial appointment.

Before coming for the appointment, we would appreciate if you could please complete this
questionnaire and bring it with you at the appointment.

This questionnaire asks for information about your lifestyle and health in general. There are no right
or wrong answers, and we ask you to answer each question as accurately as possible. If you prefer
not to answer a question, just leave it blank.

If there are any questions that you are unsure of, please note it down and ask us about it when you
come in for your appointment.

All information and data collected about you during the project is STRICTLY
CONFIDENTIAL and is de-identified using numerical SUBJECT CODING.

This page will be removed from the questionnaire once we have collected it so your
name will not be attached to the questionnaire

For official use
Questionnaire Checked
Subject Code entered
Data Entered

1
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Date :

Subject Code:

BASELINE
Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

BASELINE GENERAL QUESTIONNAIRE
1. GENERAL INFORMATION (GI)
GI1.

What is your country of birth?GI1
Australia

1

UK & Ireland

2

New Zealand

3

Vietnam

4

China & Hong Kong

5

Middle East (pls specify below):

6

__________________________ GI1Txt
Europe (pls specify below):

7

__________________________ GI1Txt
Don’t know

8

Other (pls state):

9

__________________________ GI1Txt

GI2.

Who else lives in the home with you? GI2
I live alone

1

I live with my spouse only

2

I live with my spouse and children

3

I live with a child/ children

4

I live with relatives/friend

5

Other (pls state):

6

__________________________ GI2Txt

3
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GI3.

How many years of education have you had? GI3
No. of years attended
(circle a number for each level)
Primary school GI3a

0

1

2

3

4

5

6

7

8

Secondary school GI3b

0

1

2

3

4

5

6

7

8

Technical college GI3c

0

1

2

3

4

5

6

7

8

University GI3d

0

1

2

3

4

5

6

7

8

Other (pls state): GI3e

0

1

2

3

4

5

6

7

8

__________________________ GI3eTxt

GI4.

What is your major income source? (Select 1 only) GI4
Unable to determine

1

Invalid pension

2

Aged pension

3

Salary/ Wage

4

Repatriation pension

5

Carer pension

6

Special benefits

7

Other government pension

8

Superannuation

9

Overseas pension

10

Other non-government income

11

Other (pls state):

12

__________________________ GI4Txt

4
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2. General Health Information (GHI)
GHI1. Do you have/ have you ever had any of the following conditions?

GHI1

Hearing Impairment GHI1a

YES1

NO2

Parkinson’s Disease GHI1b

YES1

NO2

YES1

NO2

Leg cramps GHI1d

YES1

NO2

Diabetes GHI1e

YES1

NO2

Stroke GHI1f

YES1

NO2

Cancer GHI1g

YES1

NO2

Transient ischaemic attack (TIA) GHI1h

YES1

NO2

Heart disease/ heart attack

YES1

NO2

High blood pressure GHI1j

YES1

NO2

Low blood pressure

YES1

NO2

YES1

NO2

Osteoarthritis of hands GHI1m

YES1

NO2

Osteoarthritis of spine GHI1n

YES1

NO2

Osteoarthritis of hips GHI1o

YES1

NO2

Osteoarthritis of knees GHI1p

YES1

NO2

Osteoarthritis of feet GHI1q

YES1

NO2

Rheumatoid arthritis

YES1

NO2

Broken hip GHI1s

YES1

NO2

Other broken bones (pls state) GHI1t

YES1

NO2

Peripheral Vascular Diease/ Leg Ulcers

GHI1c

GHI1i

GHI1k

Urinary incontinence

GHI1l

GHI1r

_____________________________

GHI1tTxt

5
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GHI2. Do you have/ have you ever had any of the following symptoms?

YES1

NO2

YES1

NO2

c. Pain – Back/ neck GHI2c

YES1

NO2

d. Pain – Hip GHI2d

YES1

NO2

e. Pain – Knee/ Leg GHI2e

YES1

NO2

f.

YES1

NO2

YES1

NO2

a. Vertigo/ Dizziness GHI2a
b. Light-headedness when standing up

GHI2b

Pain – Hand/ Wrist GHI2f

g. Painful feet GHI2g

GHI3. Have you got any other significant medical conditions or symptoms?GHI3
YES1

NO2

Other significant medical conditions or symptoms (If Yes, pls state):
a.

GHI3aTxt

b.

GHI3bTxt

c.

GHI3cTxt

d.

GHI3dTxt

3. FALLS HISTORY (FH)
FH1.

Have you fallen in the past year (last 12 months)?

YES1

[ ]

NO2

[ ]

If answered YES, pls respond to the following; if answered NO, go to next section
FH2.

How many falls did you have in the past year (last 12 months)?

FH3.

As a result of these falls, did you suffer any injuries that affect your mobility now?
YES1

[ ]

________ falls

NO2

[ ]

Please specify injuries: _________________________________________________

FH3aTxt

_________________________________________________

FH3bTxt

4. VISION (V)
6
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V1.

V2.

How do you rate your distance vision without glasses?
Very poor

1

Poor

2

Fair

3

Good

4

Very good

5

Do you wear glasses?
YES

1

NO

2

If YES, please answer next 2 questions; If NO, go to next section.
V3.

V4.

What type of glasses do you wear?
Reading glasses

1

Distance glasses

2

Bifocals

3

Multifocals

4

Contact lenses

5

Reading & distance glasses

6

How do you rate your distance vision with glasses or contact lenses?
Very poor

1

Poor

2

Fair

3

Good

4

Very good

5

7
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5. WALKING AIDS (WA)
WA2. What aids do you usually use to help you move about outside the house?
No aids used

1

Walking stick

2

Walking frame

3

Crutches/ 2 walking sticks

4

Wheel chair

5

6. MEDICATIONS (M)
Please list the current medications/ supplements that you are taking and the frequency of taking
them.
Include ALL medications/ supplements bought directly from the chemist or shop with or without
prescription. (Eg, Tablets, capsules, mixtures, powders, injections, eye drops sprays etc)

Do you currently take any medications or supplements?

Daily

Name of medication/ supplement

Yes

M1

Weekly

1

No

2

Less than once a week

M2Txt

1

2

3

M2

M3Txt

1

2

3

M3

M4Txt

1

2

3

M4

M5Txt

1

2

3

M5

M6Txt

1

2

3

M6

M7Txt

1

2

3

M7

M8Txt

1

2

3

M8

M9Txt

1

2

3

M9

M10Txt

1

2

3

M10

M11Txt

1

2

3

M11

M12Txt

1

2

3

M12

M13Txt

1

2

3

M13

8

305

Date :

Subject Code:

BASELINE
Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

8. FOOT PROBLEMS AND PODIATRY SERVICE USE (POD)
POD1. Do you have / have you ever had any of the following foot problems?
Painful heels

YES

1

NO

2

POD1a

Painful arches

YES

1

NO

2

POD1b

Painful ball of foot

YES

1

NO

2

POD1c

Painful toes

YES

1

NO

2

POD1d

Calluses

YES

1

NO

2

POD1e

Corns

YES

1

NO

2

POD1f

Bunions

YES

1

NO

2

POD1g

Foot ulcers

YES

1

NO

2

POD1h

Thick toenails

YES

1

NO

2

POD1i

Fungal infections of the skin

YES

1

NO

2

POD1j

Fungal infections of the toenails

YES

1

NO

2

POD1k

Dry, cracked skin

YES

1

NO

2

POD1l

Burning feet

YES

1

NO

2

POD1m

Cold feet

YES

1

NO

2

POD1n

Pins and needles in your feet

YES

1

NO

2

POD1o

POD2. Do you currently visit a podiatrist or chiropodist?
YES1

NO2

If YES, how often POD2a
Every month1
Every 2 months2
Every 6 months3
Once a year4
Less than once a year5

9
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POD3. Have you ever had any foot surgery?
YES1

NO2

If YES, what surgery did you have? (pls specify) POD3Txt
_______________________________________________________________________
How satisfied were you with the result of your foot surgery?

POD3a

Very satisfied

1

Satisfied

2

Neither satisfied nor unsatisfied

3

Unsatisfied

4

Very unsatisfied

5

POD4. Do you currently wear orthoses, insoles or shoe inserts?
YES1

NO2

10
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PARTICIPANT CONSENT FORM
Randomised controlled trial of a multifactorial podiatry intervention to
improve balance and prevent falls in older people

I

(Print name)

have read and understood the participant

information sheet and consent form, and any questions I have asked have been answered to
my satisfaction. I agree to participate in the project, realising that I may physically withdraw
from the study at any time and may request that no data arising from my participation are
used. I agree that research data provided by me or with my permission during the project
may be included in a thesis, presented at conferences and published in journals on the
condition that neither my name nor any other identifying information is used.

Name of Participant (block letters):
Signature:

Date:

Name of Investigator (block letters):
Signature:

Date:

Musculoskeletal Research Centre
La Trobe University, Bundoora, Victoria 3086, Australia
Ph. +61-3-9479 5258, Fax. +61-3-9479 5415
Email: m.spink@latrobe.edu.au
www.latrobe.edu.au/mrc
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Date :

Subject Code:

BASELINE
Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

PARTICIPANT INFORMATION

First Name:

Last Name:

DOB:

Phone no.:

Baseline Test Date:

SUBJECT CODE:
TESTER:

RF

EW

Date of Baseline Testing:
FC
January
February
March
April
May
June
July
August
September
October
November
December

EC

FC

EC

January
February
March
April
May
June
July
August
September
October
November
December

For official use

Data Entered
Arch index calculated

1
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BALANCE TESTS (Rm A)
Shoes condition

: Use regular outdoor shoes

Insoles usedIns

: Yes

No

1

2

Postural Sway (PS) & Lateral Stability (LS)
BAREFEET
A-P (mm)

SHOES

M-L (mm)

A-P (mm)

M-L (mm)

FLOOR PS1
PS1BAP

FOAM PS2

In PPA

PS1BML

In PPA

PS2BAP

PS1SAP

PS1SML

PS2BML
PS2SAP

M-L (mm)

Step

TANDEM LS

PS2SML

M-L (mm)

YES / NO LSBS

Step
YES / NO LSSS

LSBML

LSSML

Maximum Balance Range (MBR)
Barefeet (MBRB)
Ant (mm)

With shoes (MBRS)

Post (mm)

Ant (mm)

Post (mm)

Max.
MBRBA

MBRBP

MBRSA

MBRSP

Coordinated Stability (CS)
Practice
Sides

Test

Corner

Sides

Corner

Barefeet (CSB)
CSBPS

CSBPC

CSBTS

CSBTC

CSSPS

CSSOC

CSSTS

CSSTS

With shoes (CSS)

For official use

Data Entered
Arch index calculated

3
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Room B
Height and weight

HEIGHT (m)

Ht

WEIGHT (kg)

Wt

Foot size
Side Assessed:

Right / Left

Ask Participant to stand on carbon imprint paper

Foot length (mm)
Foot width (mm)
Arch Index

FL

FW

AI

4
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Foot posture index (FPI)

RIGHT / LEFT

-2

-1

0

1

2

Talar head palpable
laterally but not
medially

Talar head palpable
laterally but only
slightly medially

Talar head equally
palpable laterally and
medially

Talar head palpable
medially but only
slightly laterally

Talar head palpable
medially but not
laterally

Inf. Curce either
straight or convex

Inff. Curve is concave
but less concave than
sup curve

Inf. And sup. Curves
approx equal

Inf curve slightly more
concave than sup
curve

Inf curve markedly
more concave than
sup curve

>5 degrees varus

Btw 0 to 5 degrees
varus

Vertical

Btw 0 to 5 degrees
valgus

>5 degrees valgus

TNJ area markedly
concave

TNJ area slightly
concave

TNJ area FLAT

TNJ area slightly
bulging

TNJ area markedly
bulging

High arch, acute
posterior angle

Moderate arch, slight
posterior angle

Normal arch,
concentrically curved

Low arch, some
central flattening

Very low arch, severe
central flattening and
ground contact

No lat .toes visible,
med. Toes clearly
visible

Med. Toes clearly
more visible than lat.
Toes

Med. And lat. Toes
equally visible

Talar head position FPI1

Supra/ infra malleolar curvature
(concavity of inframalleolar curve) FPI2

Inversion/ eversion of calcaneus FPI3

Prominence of TNJ FPI4

Congruence of medial arch FPI5
Lat/ toes clearly more No med. Toes visible,
visible than med. Toes lat. Toes clearly visible

Abduction/ Adduction of FF on RR FPI6

TOTAL SCORE FPIT :

ROM/ Flexibility Tests
Side Assessed:

Right / Left

Ankle DF – Knee extended (o)
ADF1

o

Ankle DF – Knee flexed ( )
ADF2

Resting foot posture

In (+ve)

Ev (-ve)

In (+ve)

Ev (-ve)

In (+ve)

Ev (-ve)

RFP

Ankle Inversion (o)
Ain

Ankle Eversion (o)
AEv

1st MTPJ ROM (o)
MTP

5
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Foot Problems (FP) (assess BOTH feet)
<1 to 3
Prominence

Lesion (corn or callus)

Total Score R FPR :

Ulcer

Bunion scale

Total Score L FPL:

Right foot

Left foot

PHYSICAL MEASUREMENTS

6
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TACTIILE SENSITIVITY
Side Assessed:

Right / Left
Rod No.

Conv. Score

1st MTPJ
TSMTPJ

1

3.01

2

3.75

3

4.07

4

4.29

5

4.56

6

4.76

7

5.16

8

5.86

7
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Strength Tests
Right / Left

Side Assessed:
HHD
Trial no.

1

2

3

Ankle DF
HHDDF1

HHDDF2

HHDDF3

HHDPF1

HHDPF2

HHDPF3

HHDIn1

HHDIn2

HHDIn3

HHDEv1

HHDEv2

HHDEv3

HHDD1

HHDD2

HHDD3

HHDH1

HHDH2

HHDH3

Ankle PF
Ankle Inversion
Ankle Eversion
Lesser digits flexor
Hallux Flexor
Paper grip test (PG)
1

2

3

RESULT

Digits

PASS / FAIL PGD1

PASS / FAIL PGD2

PASS / FAIL PGD3

PASS / FAIL PGD

Hallux

PASS / FAIL PGH1

PASS / FAIL PGH2

PASS / FAIL PGH3

PASS / FAIL PGH

Ankle DF strength on PPA box
Trial no.

Ankle DF

1
ADFS1

2
ADFS2

3
ADFS3

8
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QUESTIONNAIRES
SF-12 (SF)
This survey asks for your views about your health. This information will help keep track of
how you feel and how well you are able to do your usual activities.
Thank you for completing this survey!
For each of the following questions, please mark an
your answer.

in the one box that best describes

SF1. In general, would you say your health is:
Excellent
1

Very good

Good

Fair

Poor

3

4

5

2

SF2. The following questions are about activities you might do on a typical day. Does your
health now limit you in these activities? If so, how much?

Yes,
limited a lot

Yes,
limited a little

No,
not limited at
all

SF2a. Moderate activities, such as moving a
table, pushing a vacuum cleaner, bowling or
playing golf

1

2

3

SF2b. Climbing several flights of stairs

1

2

3

9
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SF3.

During the past 4 weeks, how much of the time have you had any of the following
problems with your work or other regular daily activities as a result of your physical
health?

All of the
time

Most of the
time

Some of
the time

A little of
the time

None of
the time

SF3a. Accomplished less than
you would like

1

2

3

4

5

SF3b. Were limited in the kind of
work or other activities

1

2

3

4

5

SF4. During the past 4 weeks, how much of the time have you had any of the following
problems with your work or other regular daily activities as a result of any emotional
problems (such as feeling depressed or anxious)?

All of the
time

Most of the
time

Some of
the time

A little of
the time

None of
the time

SF4a. Accomplished less than
you would like

1

2

3

4

5

SF4b. Did work or other
activities less carefully than
usual

1

2

3

4

5

SF5. During the past 4 weeks, how much did pain interfere with your normal work
(including both work out the home and housework) ?

Not at all
1

A little bit
2

Moderately
3

Quite a bit
4

Extremely
5

10
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SF6. These questions are about how you feel and how things have been with you during
the past 4 weeks. For each question, please give the one answer that comes closest
to the way you have been feeling.
How much of the time during the past 4 weeks:
All of the
time

Most of the
time

Some of
the time

A little of
the time

None of
the time

SF6a. Have you felt calm and
peaceful?

1

2

3

4

5

SF6b. Did you have a lot of
energy

1

2

3

4

5

SF6c.
Have
you
felt
downhearted and depressed?

1

2

3

4

5

SF7. During the past 4 weeks, how much of the time has your physical health or emotional
problems interfered with your social activities (like visiting friends, relatives, etc.)?
All of the time
1

Most of the
time
2

Some of the
time
3

A little of the
time
4

None of the
time
5

11
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Fall Efficacy Scale (Short FES-I) (FES)
Now we would like to ask some questions about how concerned you are about the
possibility of falling.
Please reply thinking about how you usually do the activity. If you currently don’t do the
activity, please answer to show whether you think you would be concerned about falling IF
you did the activity.
For each of the following activities, please tick the box which is closest to your own opinion
to show how concerned you are that you might fall if you did the activity.
Not at all
concerned

Somewhat
concerned

Fairly
concerned

Very
concerned

FES1. Getting dressed or undressed

1

2

3

4

FES2. Taking a bath or shower

1

2

3

4

FES3. Getting in or out of a chair

1

2

3

4

FES4. Going up or down stairs

1

2

3

4

FES5. Reaching for something above
your head or on the ground

1

2

3

4

FES6. Walking up or down a slope

1

2

3

4

FES7. Going out to a social event
(eg, religious service, family
gathering or club meeting)

1

2

3

4

12
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PHYSICAL ACTIVITY (PA)
PA1. During the last week, how often have you been on walks specifically for exercise?
(i.e. walking in the park, in the streets, cross-country walking, walking the dog etc).
Everyday

1

3-6 times/ week

2

Twice/ week

3

Once/ week

4

Less than once/ week

5

Never

0

PA2. In these walks for exercise, how long did you walk for?
Less than 15mins/ day

1

15mins to less than 30mins/ day

2

30mins to less than 1hour/ day

3

1h to less than 2h/ day

4

2h to less than 4h/ day

5

4 or more hours/ day

6

Never

0

PA3. During the last week, how often have you been on other walks (i.e. walk to general
practitioner, pharmacy, or store).
Everyday

1

3-6 times/ week

2

Twice/ week

3

Once/ week

4

Less than once/ week

5

Never

0

13
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PA4. In these other walks, how long did you walk for?
Less than 15mins/ day

1

15mins to less than 30mins/ day

2

30mins to less than 1hour/ day

3

1h to less than 2h/ day

4

2h to less than 4h/ day

5

4 or more hours/ day

6

Never

0

PA5. Last week, in addition to the walking you mentioned above, how much time did you
spend each day out of your house doing other physical activity such as house
maintenance and gardening? (Excluding housework and activities inside the house).

Less than 15mins/ day

1

15mins to less than 30mins/ day

2

30mins to less than 1hour/ day

3

1h to less than 2h/ day

4

2h to less than 4h/ day

5

4 or more hours/ day

6

Never

0

PA6. Last week, how many hours did you spend on your feet each day indoors at home
doing tasks like housework, self care or care for another person?
Less than 15mins/ day

1

15mins to less than 30mins/ day

2

30mins to less than 1hour/ day

3

1h to less than 2h/ day

4

2h to less than 4h/ day

5

4 or more hours/ day

6

Never

0

14
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Date :

Subject Code:
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Staff:
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La Trobe University, Musculoskeletal Research Centre, Bundoora

PA7. During the last week, how much time did you spend in the following activities?

Time spent per session
No. of
sessions/ week

Exercise Type
Exercise class

<30
mins
1

30-45
mins
2

45+
mins
3

1-2h

4

2-4h

5

PA7a1
PA7a2

Home exercises (eg
stationary bicycle,
stretching)

1

2

3

4

5

PA7b1

PA7b2

Other exercises (pls
specify):
1
(

If BLANK = 0)

(If BLANK = 0)

PA7c1

If BLANK = 0)

If BLANK = 0)

(If BLANK = 0)

PA7d1

If BLANK = 0)

5

(If BLANK = 0)

PA7e1

(If BLANK = 0)

PA7f1

2

3

4

5
PA7d2

2

3

4

5

PA7eTxt
PA7e2

1
(

4

PA7dTxt

1
(

3

PA7c2

1
(

2

PA7cTxt

2

3

4

5

PA7fTxt
PA7f2

15
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Appendix 18 Intervention adherence
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Date :

Subject Code:

Follow-up
Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

6-month followup questionnaire
Grouping
INTERVENTION2

CONTROL1
Project shoes and insoles
PS1.

Issued shoes for Project?

YES1

NO2

PS2.

Shoe Assessment form

YES1

NO, did not bring shoes2

PI1.

Insoles used in Project

Project issued1

Own insoles2

None3

Shoe-Test condition (in subject’s regular shod state)
Test shoeTS

Project shoes1

Own closed-in shoes2

Own other shoes3

Test insoleTI

Project insoles 1

Own insoles2

None3

For INTERVENTION subjects:
Is Shoe-Test condition their project footwear condition? TSC

Yes1

No2

(If subject is INTERVENTION group, Shoe-Test condition if possible, should be Project shoes and/or Project
insoles, regardless of whether or not they represent the regular outdoor footwear condition for the subject. If
subject forgot to bring in project shoes/ insoles, test in whatever shoes and insoles that have been brought in,
and note accordingly on this form)

We have completed all the tests and questions for this assessment and now, we would like to ask
you a set of questions about the last 6 months.
General questions (GQ)
GQ1.

Compared to 6 months ago, how would you rate your balance now?

Much
worse

Somewhat
worse

1

GQ2.

No change

2

Somewhat
better

3

Much
better

4

5

Compared to 6 months ago, how would you rate the strength of your ankles and feet?
(if they say different answers for right and left foot, take answer for dominant/ test foot)

Much worse
1

Somewhat
worse
2

No change
3

Somewhat
better
4

Much better
5

For Official Use:
Data Entered

1
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Subject Code:
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Staff:
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Exercise questions (EQ)
EQ1.

Overall, did you think the exercise program was

Too Easy

About
right

1

2

Too hard
3

EQ2.

Were there any exercises you had difficulty with?
If YES, which ones (tick list below)

YES1

NO2

EQ3.

Were there any exercises that you found were too easy?
If YES, which ones (tick list below)

YES1

NO2

Too Difficult

Too Easy

EQ4a. Foot circles

1

2

EQ4b. Foot turning in/out (theraband inversion/
eversion)

1

2

EQ4c. Toe Raises (seated dorsiflexion)

1

2

EQ4d. Arch-exerciser

1

2

EQ4e. Marbles

1

2

EQ4f. Big toe rubber band stretch

1

2

EQ4g. Rising up on toes (heel raises in standing)

1

2

EQ4h. Calf stretches in lunge position

1

2

EQ5.

Database
Coding:
0 – Not ticked
1- ticked TOO
DIFFICULT
2- ticked TOO
EASY

What have been barriers (if any) that have prevented you from performing the exercises regularly?
(tick as many as applicable)

EQ5a. Lack of time1

1

EQ5b. Did not feel they were helping2

1

EQ5c. Poor general health3

1

EQ5d. Pre-existing condition or limitation (eg, sore knee) 4

1

EQ5e. Exercises are too painful to do5

1

EQ5f. Holiday6

1

EQ5g. Other7: _________________________________________EQ5gTxt

1

EQ5h. Indicate MAIN barrier (select one from above, choose from 1-7)

Database
Coding:
If ticked- 1
If NOT ticked- 0

_____________

2
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Subject Code:
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Staff:
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Project Shoes (PS)
PS3.

Overall, how satisfied are you with the shoes you purchased as part of the project?

Very dissatisfied

Somewhat
dissatisfied

1

PS4.

2

Somewhat
satisfied

3

Very satisfied

4

5

How often have you worn the shoes you purchased as part of the project?

None of the time

A little of the time

1

PS5.

Neither satisfied
nor dissatisfied

Some of the time

2

Most of the time

3

4

If “A little of the time” or “None of the time”, the reason for that is:

PS5a. Shoes are uncomfortable1

1

PS5b. Shoes purchased were wrong for the season2

1

PS5c. Shoes purchased were inappropriate for the occasion3

1

PS5d. Did not like appearance of the shoe4

1

PS5e. Other58: ____________________________________________________PS5eTxt

1

PS5f. Indicate MAIN reason (pick 1-5 from above)

__________

Insole questions
PI2.

Overall, how satisfied are you with the insoles you were given as part of the project?

Very dissatisfied

Somewhat
dissatisfied

1

PI3.

2

Somewhat
satisfied

3

Very satisfied

4

5

How often have you worn the insoles you were given as part of the project?

None of the time

A little of the time

1

PI4.

Neither satisfied
nor dissatisfied

Some of the time

2

Most of the time

3

4

If “A little of the time” or “None of the time”, the reason for that is:

PI4a. Insoles are uncomfortable1

1

PI4b. Insoles did not fit in shoes that were being worn2

1

PI4c. Forgot to put insoles into shoes that were worn3

1

PI4d. Other4: _____________________________________________________ PI4dTxt

1

PI4e. Indicate MAIN reason (pick 1-4 from above)

_______
3
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Date :

Subject Code:

Follow-up
Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

nd

Thank you for coming back for this 2 assessment and for your patience in completing all the tests and
answering all our questions! We have now completed 6 months of the 12-month long project.
For the remaining 6 months:
CONTROL GROUP


Continue to fill out your Falls Calendar and return it to us at the end of each month using the reply-paid
envelopes.



If you should have a fall, mark it according on the Calendar and call us on 9479 5258.



Continue with your podiatry visits at the Health Sciences Clinic. For the remaining 6 months, we will
continue to pay for your regular consultations here.

(check that they have enough envelopes)

INTERVENTION GROUP


You are NOT REQUIRED to continue with your exercise program for the project. However, if you wish
to continue with it, please do so at your will. We will NOT be monitoring your Exercise Calendar for the
remaining 6-months, so you don’t have to fill it in.



HOWEVER, please CONTINUE to fill out your Falls Calendar and return it to us at the end of each
month using the reply-paid envelopes.



If you should have a fall, mark it according on the Calendar and call us on 9479 5258.



Continue with your podiatry visits at the Health Sciences Clinic. For the remaining 6 months, we will
continue to pay for your regular consultations here.


(check that they have enough envelopes, DON’T have to return equipment)

4
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Appendix 19 Manchester scale for
hallux valgus
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Appendix 20 Falls follow-up form
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Date :

Subject Code:

Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

FALLS FOLLOW-UP TELEPHONE CALL
Name: Valerie Laing
Subject Code: 105
Date of phonecall: spoke to Martin in Clinic on 5/5/2009
1. Date of fall
Falls in the month

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

2. What time of the day did you fall?
TIME:

Coding:

Morning (6am- 12pm)1
Afternoon (12pm – 6pm)2
Evening (6pm-12am) 3
Nighttime (12am-6am)

Data entered
4

1
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Date :

Subject Code:

Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

3. Where did you fall?
Inside own home ISOH

Inside but NOT own home ISNOH

On the one level1

On the one level1

Accessing the shower/bath2

Accessing the shower/bath2

Getting out of bed3

Getting out of bed3

Getting out of a chair4

Getting out of a chair4

Walking up or down stairs5

Walking up or down stairs5

Accessing the toilet6

Accessing the toilet6

Outside own homeOSOH

Outside but NOT own home OSNOH

Walking up or down stairs1

Crossing a street1

On the one level (eg: footpath) 2

On a bus or train2
Garden/park/grassed area3

OTHER (please specify) 10

Carpark/driveway4

In own home, stepping back of a ladder in

On a step/escalator5

kitchen

On a footpath6
On a kerb7
Getting into or out of a vehicle8
On the one level9
Other area (please specify) 10

4. Do you know what caused the fall? (word by word description)
When steeping back a ladder, stepped off the ladder and fell sideways, missed the
step
5. Fall mechanism (determined from above description)
MechanismFM1

What broke the fall FM3

trip1

slip 2

hand1

elbow2

turning3

legs gave way4

shoulder3

knee4

hip5

buttocks6

dizzy5

other:

Step off

ladder

other:

(specify) 7

Kitchen chair – broke chair

Direction FM2
forwards1

backwards2

sideways3

straight down4

2
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Date :

Subject Code:

Staff:

FALLS RCT
La Trobe University, Musculoskeletal Research Centre, Bundoora

Footwear
6. What footwear were you wearing when you fell? FW1
Don’t know1
Barefeet2
Socks/ Stocking3
My standard indoor footwear4
My standard outdoor footwear5
Different indoor footwear5
(specify)
Different outdoor footwear6
(specify)

FM1Txt

FM1Txt

7. Do you think your shoes contributed to your fall? FM2
YES1

NO 2

Injuries
8. Did you suffer any injuries as a result of the fall (even if minor)?
Coding:

RegionIR1: - see below -

RegionIR2: - see below -

Side IS1: - see below -

Side IS2: - see below -

Injury IT1: - see below -

Injury IT2: - see below -

RegionIR3: - see below -

RegionIR4: - see below -

Side IS3: - see below -

Side IS4: - see below -

Side

Injury IT3: - see below -

Injury IT4: - see below -

Right1, Left2

RegionIR5: - see below -

RegionIR6: - see below -

Side IS5: - see below -

Side IS6: - see below -

Injury IT5: - see below -

Injury IT6: - see below -

Region
Face/ Head1, Neck2, Chest3, Shoulder4, UArm5, Elbow6,
Forearm7, Wrist6, Hand9, Pelvis/Hip10, Back11, Buttocks12,
Thigh13, Knee14, Leg15, Ankle16, Foot17

Injury
Cut/Laceration1, Bruise2, Stain/Sprain3, Fracture4

Other InjTxt:

9. Did you go to the following after your fall:
Hospital (actually hospitalization) 9a
Emergency Department (no hospitalization) 9b
GP9c

YES1
YES1
YES1

NO2
NO2
NO2

3

336

Appendix 21 Foot and ankle strength
assessment using hand-held dynamometry:
reliability and age-related differences
Article published in Gerontology.

337

Clinical Section / Original Paper
Gerontology 2010;56:525–532
DOI: 10.1159/000264655

Received: June 9, 2009
Accepted: October 6, 2009
Published online: December 3, 2009

Foot and Ankle Strength Assessment
Using Hand-Held Dynamometry:
Reliability and Age-Related Differences
Martin J. Spink a, b Mohammad R. Fotoohabadi a Hylton B. Menz a
a

Musculoskeletal Research Centre, and b Department of Podiatry, Faculty of Health Sciences, La Trobe University,
Bundoora, Vic., Australia

Key Words
Foot strength ⴢ Muscle strength ⴢ Hand-held dynamometry

Abstract
Background: Age-related reduction in lower limb muscle
strength has been shown to be related to disability, falls and
loss of independence. While there have been a number of
studies on age-related changes in muscle strength, they
have concentrated on more proximal muscle groups with
little research into how ageing affects the muscles of the
foot and ankle. Objective: To evaluate the intra- and interrater reliability of hand-held dynamometry for the assessment of foot and ankle strength, and to compare the values
obtained between young and older people. Methods: The
muscle groups which perform ankle dorsiflexion, plantar
flexion, inversion, eversion and plantar flexion of the hallux
and lesser digits were recorded for 36 young participants (17
males, 19 females, mean age 23.2 8 4.3 years) and 36 older
people (17 males, 19 females, mean age 77.1 8 5.7 years) using a Citec hand-held dynamometer. Differences in muscle
strength between the groups as well as intrarater and interrater reliability of two assessors were determined. Results:
The reliability of the hand-held dynamometry procedure
was excellent for both intrarater (ICC3,1 = 0.78–0.94) and interrater (ICC3,1 = 0.77–0.88) comparisons. There were signifi-
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cant differences between the muscle strength of the young
and older participants for all muscle groups tested (p ! 0.001)
with older participants being weaker than the young participants by a magnitude of between 24 and 37%. Conclusions: Hand-held dynamometry is a reliable instrument to
measure the foot and ankle strength of young and older
adults. Ageing is associated with a reduction in strength of
between 24 and 37% for the muscles responsible for movement of the foot and ankle.
Copyright © 2009 S. Karger AG, Basel

Introduction

Sarcopenia is a term used to describe the decline in
muscle mass and strength that occurs with normal ageing, which, if unchecked, can lead to weakness, disability,
falls and loss of independence [1]. The average reported
age-related decreases in strength are in the order of 20–
40%, increasing to over 50% for those in their ninth decade and beyond [2]. This has important health and economic implications due to the increased risk of falling [3,
4] and a higher rate of outpatient clinic visits in older
people [5].
Lower limb weakness has significant implications for
the performance of functional tasks and the maintenance
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of balance either as a consequence of ageing or neuromuscular conditions such as Charcot-Marie-Tooth disease [6, 7], diabetic neuropathy [8] and the postpolio population [9]. Several studies have shown that ankle dorsiflexion, ankle plantar flexion and toe plantar flexion
strength are strongly correlated with walking speed [10,
11], stair ascent [12, 13], sit to stand [14], and clinical tests
of balance including postural sway and coordinated stability [15, 16]. Subsequently, reduced foot and ankle
strength has been identified as a predictor of falls in older people [17, 18].
Fortunately, muscle does respond to training regardless of age, with an increase in lower limb strength having
been shown to improve balance and functional ability
[19, 20]. Consequently, the ability to measure lower limb
muscle strength accurately and reliably is a desirable goal
for both clinicians and researchers to enable them to
identify weakness, monitor deterioration and the effectiveness of a particular treatment. Manual muscle testing,
using a grading system, is probably the most commonly
used technique to assess muscle strength despite the evidence that this technique lacks sensitivity. A number of
studies have shown that the subjective nature of this test
results in poor reliability and is insensitive to changes in
muscle strength [21–24].
The hand-held dynamometer is widely used as a simple and objective tool for measuring muscle strength,
with the device being portable and relatively inexpensive
[25]. Hand-held dynamometers have been shown to be
reliable for testing a number of muscle groups including
those of the ankle [7, 26]. However, the chief disadvantage
of the hand-held dynamometer is its reliance upon a
tester to hold the device to accommodate the force generated by the person being tested [25, 27], and consequently intertester reliability should not be taken for
granted particularly where the muscle being tested is
strong [25]. Another concern is the poor interdevice reliability. There are a number of manufacturers producing
hand-held dynamometers, and studies have shown poor
interdevice reliability between devices from different
manufacturers [28, 29] as well as between two separate
devices of the same manufacturer [30]. This suggests that
consideration should be given to using the same dynamometer when quantifying strength over repeated sessions [29], that comparisons of absolute results between
separate studies should be treated with caution and that
normative values established with one device may not be
appropriate for reference to a patient measured with another device [28]. Isokinetic dynamometry is another objective method of muscle testing that has been shown to
526
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be reliable and valid for ankle muscle groups [31] and allows testing at a range of velocities which may more accurately reflect functional performance [32]. However,
isokinetic devices are not easily portable and are expensive [30] preventing common usage of them in an everyday clinical setting.
Hand-held dynamometry has been used to record ankle plantar flexion, inversion and eversion but by different assessors on specific target populations. One study
assessed 41 healthy older people (mean age 76.1, SD 81.2
years) with a history of falling [26] and another study assessed 44 healthy subjects (mean age 32.8, SD 811.2
years) for comparison to a group with Charcot-MarieTooth disease [33]. Hand-held dynamometry has not
been used to record the muscle strength of any of the
other muscle groups of the foot. While a number of studies have recorded toe strength [34–37], none have used a
hand-held dynamometer.
In light of the lack of data in regard to measuring muscle strength in the foot and ankle using a hand-held dynamometer, the aims of this study were to evaluate the
reliability of hand-held dynamometry to assess foot and
ankle strength, and to examine differences in muscle
strength of the foot and ankle including the hallux and
lesser toe plantar flexors, between young and older people.

Methods
Participants
The study sample comprised 72 participants. Thirty-six
healthy young participants (17 males, 19 females, mean age 23.2,
SD 84.3 years) were recruited from the student and staff population of La Trobe University, Melbourne, Australia. Thirty-six older people (17 males, 19 females, mean age 77.1, SD 85.7 years)
were selected from a mailout to an aged care facility in Bundoora,
Melbourne, Australia, where all residents live independently in
their own home. The exclusion criteria for this study included any
self-reported neurological condition that may affect lower limb
muscle strength (such as a stroke, motor vehicle accident or polio),
inability to ambulate household distances (10 m) without an assistive device, or a score of !7 on the Short Portable Mental Status
Questionnaire [38]. The Health Sciences Faculty Human Ethics
Committee at La Trobe University approved the study, and written informed consent was obtained from all participants.
Instrumentation
Isometric muscle force was measured using a Citec hand-held
dynamometer (CIT Technics, Haren, The Netherlands). The
manufacturer’s data state the device was factory calibrated to a
sensitivity of 0.1% and a range of 0–500 N (fig. 1).
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Procedure
All participants were assessed independently by 2 assessors.
Rater 1 (M.J.S.) was a podiatrist of 2 years experience and rater 2
(M.R.F) a physiotherapist of 22 years experience, with neither assessor having used a hand-held dynamometer regularly before
commencement of the study. Strength of the foot and ankle muscles responsible for dorsiflexion, plantar flexion, inversion, eversion and plantar flexion of the hallux and lesser digits were assessed using the ‘make’ technique where the examiner holds the
dynamometer stationary while the subject exerts a maximal force
against it [26]. All tests were performed with the participants in a
supine position with hips and knees extended and the lower limb
stabilized proximal to the ankle joint. The dynamometer was positioned against the dorsal surface of the foot just proximal to the
metatarsal heads for dorsiflexion, on the plantar surface of the
foot just proximal to the first metatarsal heads for plantar flexion,
on the medial border of the foot at the midpoint of the shaft of the
first metatarsal for inversion, on the lateral border of the foot at
the midpoint of the fifth metatarsal for eversion and over the interphalangeal joint of the hallux for hallux plantar flexion. For
testing of the lesser digits, the dynamometer was placed on the
plantar surface of the digits. In people with smaller feet or toe deformities, there was insufficient space for the device, resulting in
the lesser digits being forced into dorsiflexion. Consequently, to
standardize the testing position, it was decided to test at the maximal end range of dorsiflexion by using the dynamometer to dorsiflex the digits into the participant’s comfortable end range of
motion. This technique was also used for assessing hallux plantar
flexion strength. For testing both the hallux and lesser toe
strength, the ankle was passively placed in maximum plantar
flexion to prevent co-contraction of the ankle plantar flexor muscles influencing the result.
To familiarize the participant, the rater passively demonstrated the movement required and then asked the participants to perform the movement. Three consecutive contractions of 3–5 s for
each muscle group were recorded. The average of the three contractions was used for analysis as mean values have been shown
to be more reliable than maximal values [39]. Verbal encouragement was given during each contraction.
Each participant was assessed independently by two raters at
the same testing session. Rater 2 left the room while rater 1 performed the testing, and vice versa. The raters alternated which
rater performed the test first to minimize any bias from fatigue or
learning effect. Test-retest reliability was assessed on two separate
occasions separated by a week interval.
Statistical Analysis
All statistical tests were conducted using SPSS Release 14 for
Windows (SPSS Inc., Chicago, Ill., USA). To determine the relative reliability of the strength measurements, intraclass correlation coefficients (ICC3,1) and 95% confidence intervals (CIs) were
calculated. It has been suggested that ICC values of 0.75 and greater indicate excellent reliability, 0.4–0.75 fair to good reliability,
and 0.4 and less, poor reliability [40]. To assess absolute reliability, coefficients of variation (CVs) of method error were calculated, which expresses the between-trial variability as a percentage. The minimum detectable change (MDC) was calculated to
provide an indication of smallest difference that would reflect
true change and not simply random measurement error [41]. To
assess differences between young and older participants, inde-

Age-Related Differences in Foot and
Ankle Strength
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Fig. 1. The Citec hand-held dynamometer used to measure eversion strength.

Table 1. Physical characteristics of participants grouped by age
(mean 8 SD)

Sex
Male
Female
Age, years
Height, cm
Weight, kg
Body mass index

Young
(n = 36)

Older
(n = 36)

17
19
23.284.3
172.789.1
67.2811.3
22.482.6

17
19
77.185.7
164.4810.3
73.8814.0
27.283.7

p value
1.0
<0.01
<0.01
0.03
<0.01

pendent samples t tests were used, and effect size (Cohen’s d) was
calculated, which is a measure of the difference between sample
means. Cohen’s d was calculated as the difference between the
two means divided by a pooled standard deviation for the data,
with a value of 0.8 considered a large effect, 0.5 to be a medium
and 0.2 to be a small effect [42]. As strength is strongly correlated
to height and weight, comparisons were performed on both raw
scores and normalized scores using the formula [36]:
strength kg
normalized strength 
q100
height m q weight kg

Results

Characteristics of the Study Population
The characteristics of the study population are shown
in table 1. The older participants were shorter (p ! 0.01),
Gerontology 2010;56:525–532

527

340

Table 2. Intrarater reliability of foot and ankle strength using a Citec hand-held dynamometer

Muscle group

Rater

Session 1

Session 2

ICC (95% CI)

CV, %

MDC

Ankle dorsiflexion

Rater 1
Rater 2

165.8 (46.2)
132.2 (54.1)

166.8 (47.2)
141.7 (58.8)

0.91 (0.86–0.94)
0.90 (0.85–0.94)

8.5
12.9

39.0
48.4

Ankle plantar flexion

Rater 1
Rater 2

237.0 (57.6)
213.3 (77.8)

237.2 (57.2)
225.0 (78.7)

0.89 (0.83–0.93)
0.84 (0.76–0.90)

7.9
14.1

52.0
85.8

Ankle inversion

Rater 1
Rater 2

159.9 (45.4)
124.5 (44.2)

160.5 (44.2)
130.3 (48.7)

0.90 (0.85–0.94)
0.87 (0.80–0.92)

8.7
13.0

38.5
45.2

Ankle eversion

Rater 1
Rater 2

153.6 (43.4)
123.4 (38.4)

157.3 (45.6)
127.6 (39.2)

0.88 (0.82–0.92)
0.78 (0.67–0.86)

9.8
14.4

42.1
50.1

Lesser toe plantar flexion

Rater 1
Rater 2

90.8 (30.0)
104.0 (34.1)

90.7 (30.8)
111.9 (36.2)

0.83 (0.74–0.89)
0.82 (0.73–0.89)

13.9
13.7

34.8
41.0

Hallux plantar flexion

Rater 1
Rater 2

108.7 (40.7)
116.3 (41.6)

108.4 (41.1)
117.2 (41.8)

0.94 (0.90–0.96)
0.81 (0.72–0.88)

9.6
15.5

28.8
50.1

All strength values expressed as mean (SD) newtons.

Table 3. Interrater reliability of foot and ankle strength using a Citec hand-held dynamometer

Muscle group

Session

Rater 1

Rater 2

ICC (95% CI)

CV, %

MDC

Ankle dorsiflexion

Session 1
Session 2

165.8 (46.2)
166.8 (47.2)

132.2 (54.1)
141.7 (58.8)

0.81 (0.71–0.88)
0.88 (0.82–0.93)

14.7
11.8

62.3
46.9

Ankle plantar flexion

Session 1
Session 2

237.0 (57.6)
237.2 (57.2)

213.3 (77.8)
225.0 (78.7)

0.80 (0.70–0.87)
0.82 (0.72–0.88)

13.6
12.8

77.9
72.1

Ankle inversion

Session 1
Session 2

159.9 (45.4)
160.5 (44.2)

124.5 (44.2)
130.3 (48.7)

0.80 (0.69–0.87)
0.85 (0.77–0.91)

14.2
12.3

60.0
51.3

Ankle eversion

Session 1
Session 2

153.6 (43.4)
157.3 (45.6)

123.4 (38.4)
127.6 (39.2)

0.77 (0.66–0.85)
0.86 (0.78–0.91)

14.2
11.3

57.1
45.3

Lesser toes plantar flexion

Session 1
Session 2

90.8 (30.0)
90.7 (30.8)

104.0 (34.1)
111.9 (36.2)

0.82 (0.73–0.89)
0.82 (0.72–0.88)

13.8
14.2

37.2
40.5

Hallux plantar flexion

Session 1
Session 2

108.7 (40.9)
108.4 (41.1)

116.3 (41.6)
117.2 (41.8)

0.88 (0.81–0.92)
0.87 (0.81–0.92)

12.7
13.1

39.6
40.9

All strength values expressed as mean (SD) newtons.

heavier (p = 0.03) and had a higher body mass index (p !
0.01) compared to the young group.
Intrarater Reliability
Intrarater reliability for the use of hand-held dynamometry to assess foot and ankle strength was excellent
for both raters (table 2). For the muscle groups tested, the
ICCs ranged from 0.78 to 0.94 and the 95% CIs from 0.67
528
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to 0.96. The CVs ranged from 7.9 to 15.5%, and MDCs
ranged from 28.8 to 85.8 N. Both raters were less reliable
measuring lesser toe plantar flexion compared to other
muscle groups.
Interrater Reliability
Interrater reliability for the use of hand-held dynamometry to assess foot and ankle strength was excellent
Spink /Fotoohabadi /Menz
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Table 4. Comparison of isometric muscle strength using a Citec hand-held dynamometer (rater 1, session 1)

Muscle group

Young

Older

p

% difference

Effect size

Ankle dorsiflexion
Ankle plantar flexion
Ankle inversion
Ankle eversion
Lesser toes plantar flexion
Hallux plantar flexion

194.1 (40.3)
280.3 (39.3)
185.0 (44.3)
178.5 (36.9)
103.0 (27.5)
132.9 (31.1)

137.4 (32.6)
193.7 (36.6)
134.8 (30.3)
128.7 (34.3)
78.6 (27.6)
84.4 (34.3)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

29.2
30.9
27.1
27.9
23.7
36.5

1.57
2.31
1.34
1.42
0.90
1.50

All strength values expressed as mean (SD) newtons.

Table 5. Comparison of normalized isometric muscle strength using a Citec hand-held dynamometer (rater 1,
session 1)

Muscle group

Young

Older

p

% difference

Effect size

Ankle dorsiflexion
Ankle plantar flexion
Ankle inversion
Ankle eversion
Lesser toes plantar flexion
Hallux plantar flexion

169.4 (36.3)
246.5 (44.9)
161.2 (39.0)
155.7 (31.7)
90.3 (25.0)
116.8 (30.1)

116.6 (30.4)
163.5 (33.6)
113.9 (28.3)
108.5 (27.4)
66.4 (22.2)
71.43 (28.4)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

31.2
33.7
29.3
30.3
26.5
40.0

1.60
2.12
1.41
1.62
1.03
1.57

All strength values expressed as mean (SD) newtons.

for both test sessions (table 3). For the muscle groups tested, the ICCs ranged from 0.77 to 0.88 and the 95% CIs
from 0.66 to 0.93. The CVs ranged from 11.3 to 14.7%, and
MDCs ranged from 37.2 to 77.9 N.
Muscle Strength Differences between Young and Older
Groups
A comparison of the isometric muscle strength between the young and older participants is shown in table 4. There was a significant difference between the
muscle strength of the young and older participants in all
muscle groups tested (p ! 0.001). The older participants
were weaker than the young participants by a magnitude
of 24–37%. When the strength measurements were normalized for height and weight (table 5), the difference between the muscle strength of the two groups remained
significant (p ! 0.001) with the older participants being
weaker than the young participants by a magnitude of
27–40%.

Age-Related Differences in Foot and
Ankle Strength

Discussion

This study found that hand-held dynamometers may
be used for testing the muscle strength of the foot and
ankle including, for the first time, the hallux and lesser
toe plantar flexors. This study found an excellent level of
intrarater and interrater reliability for assessing muscle
strength, with ICCs ranging from 0.77 to 0.94, indicating
hand-held dynamometry may be used for identifying
progressive improvements or impairments in foot and
ankle strength. As might be expected, the intrarater reliability was more reliable than the interrater reliability,
especially as tester strength has been shown to influence
the magnitude and reliability of strength measurements
recorded using a hand-held dynamometer [27].
The primary aim of this study was to quantify the effects of age on the strength of the muscles of the foot and
ankle. The results indicate that older people generate between 24 and 37% less strength than young people for the
muscles responsible for movement of the foot and ankle.
With the data normalized for height and weight, the disGerontology 2010;56:525–532
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parity in strength between the groups was similar (27–
40%). For all muscle groups tested, this was a statistically
significant difference (p ! 0.001) and in terms of effect
size, using Cohen’s d, this corresponds to a large effect.
Direct comparison with previous studies is difficult due
to different sample groups, testing equipment or testing
techniques. However, absolute values for the ankle muscle groups for young participants was comparable with
the 44 healthy subjects (mean age 32.8, SD 811.2 years)
in the study by Burns et al. [33]. With the older adults, the
absolute values were approximately twice the values
found in a study that recorded 41 healthy older people
(mean age 76.1, SD 81.2 years) with a history of falling
[26]. This difference might be a result of the technique
used in the study on older fallers, whereby a towel was
placed between the skin and the test pad for comfort and
to minimize damage to fragile skin, but which might also
have absorbed some of the force of the muscle contraction. Another explanation is the sample group was significantly weaker as they all had a history of falls and
there is a known association between reduced muscle
strength and falls [43, 44].
Older people generated 37% less hallux plantar flexor
strength and 24% lesser toe plantar flexor strength than
the young participants. Despite differences in the testing
procedure, these findings are consistent with those of
two other studies on age-related changes in toe plantar
flexor strength. Endo et al. [36] found that 20 older people (average age 73.2 years) exhibited 29% less force under the toes when leaning forward on one leg than younger people (average age 22.8 years), as recorded using a
force plate. Similarly, Menz et al. [37] found older participants recorded 32% less plantar flexion strength for
the hallux and 27% less plantar flexion strength for the
lesser toes. Their study was conducted on 40 young (average age 20.8 years) and 40 older people (average age
74.6 years) using a pressure platform while the participants were seated.
The findings of this study are consistent with the welldocumented decline in the strength of lower limb muscles with advancing age [2]. Age-related declines in
strength are strongly associated with reductions in skeletal muscle mass, and it has been demonstrated that total
muscle cross-sectional area decreases by approximately
40% between the ages of 20 and 60 years [45]. Recent
studies using magnetic resonance imaging have found
that participants demonstrate significant reduction in
the volume of ankle plantar flexors [46] and intrinsic foot
muscles [8, 47] and that this reduction is correlated with
a decline in strength [46].
530
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The reliability of the hand-held dynamometer to assess foot and ankle strength was also evaluated. Excellent ICCs in the range of 0.78–0.94 were found in our
study for intratester reliability, which is comparable to
the studies on testing ankle strength by Burns et al. [7]
and Wang et al. [26], who reported intratester ICCs of
0.88–0.95 and 0.97–0.99, respectively. However, the CVs
in our study were in the range of 7.9–13.9% for tester 1
and 12.9–15.5% for tester 2 compared to 1.6–3.4% reported by Burns et al. [7] and 3.7–5.3% reported by Wang
et al. [26]. This is most likely due to the time period between measurements, as in our test protocol the test sessions were a week apart, while Burns et al. [7] retested
on the same day and Wang et al. [26] within the same
session.
One of the essential prerequisites for valid hand-held
dynamometer measurement is that the individual doing
the testing is strong enough to counter the force generated by the muscle action being tested [27, 48]. This is also
true for providing adequate stabilization. Currently, there
is no method of recording whether any movement occurred during testing other than observation. Both assessors were aware that when assessing ankle plantar flexion, they were unable to isometrically resist some of the
participants’ force. Consequently, the values recorded,
especially for the younger group, are likely to be lower
than the true strength of the participants.
The study has a number of limitations. Firstly, due to
the constraints of the device, each assessor was not blinded to the value displayed on the hand-held dynamometer during testing. Before each trial, the reset button is
pressed, and if the value displayed is not zero, a small
wheel is manually moved to zero the device. Also, the device has an automatic shutoff after 15 s, which resulted in
some participants having to repeat some trials, possibly
leading to fatigue-related reductions in strength. Secondly, inadequate force and stabilization by the tester may
have affected the results. Finally, the validity of the handheld dynamometer measurements recorded in this study
was not investigated. While the percentage differences in
strength quantifies the disparity in strength between the
groups, the strength measurements recorded for the
groups may not accurately reflect the normative maximal
strength for young and older people.
Despite these limitations, this study provides novel information regarding age-related reductions in foot and
ankle strength and the reliability of strength assessment
using hand-held dynamometry, which will be useful for
subsequent studies assessing the effects of exercise in enhancing lower limb muscle strength in older people.
Spink /Fotoohabadi /Menz
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Conclusions

Ageing is associated with a reduction in strength of
between 24 and 37% for the muscles responsible for movement of the foot and ankle. Hand-held dynamometry is
a reliable instrument to measure the foot and ankle
strength of young and older adults, and may therefore be
a useful measure for future exercise intervention studies.
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Foot and Ankle Strength, Range of Motion, Posture, and
Deformity Are Associated With Balance and Functional Ability
in Older Adults
Martin J. Spink, BPod, Mohammad R. Fotoohabadi, PhD, Elin Wee, BPhysio, Keith D. Hill, PhD,
Stephen R. Lord, PhD, Hylton B. Menz, PhD
ABSTRACT. Spink MJ, Fotoohabadi MR, Wee E, Hill KD,
Lord SR, Menz HB. Foot and ankle strength, range of motion,
posture, and deformity are associated with balance and functional ability in older adults. Arch Phys Med Rehabil 2011;92:
68-75.
Objective: To determine the extent to which measures of
foot and ankle strength, range of motion, posture, and deformity are associated with performance in a battery of balance
and functional ability tests in older adults.
Design: Cross-sectional study of people over 65 years.
Setting: Community.
Participants: Participants (N⫽305; age range, 65–93y) recruited for a randomized trial investigating the efﬁcacy of a
podiatry intervention to prevent falls.
Interventions: Not applicable.
Main Outcome Measures: Clinical measures of foot and
ankle strength (using hand-held dynamometry), range of motion, posture, and deformity, and a battery of balance tests
(postural sway, maximum balance range, lateral stability, coordinated stability) and functional ability tests (alternate step
test, sit-to-stand, timed 6-m walk).
Results: Most (67/88) of the correlations between the foot
and ankle tests and performance on the balance and functional
tests were statistically signiﬁcant. Hierarchic linear regression
analysis identiﬁed hallux plantar ﬂexion strength and ankle
inversion-eversion range of motion to be the most consistent
signiﬁcant and independent predictors of balance and functional test performance, explaining up to 25% of the variance in
the test scores.
Conclusions: Foot and ankle characteristics, particularly
plantar ﬂexor strength of the hallux and ankle inversioneversion range of motion, are important determinants of balance and functional ability in older people. Further research is
required to establish whether intervention programs that include strengthening and stretching exercises for the foot and
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ankle may achieve improvements in balance and functional
ability and reduce the risk of falls in older people.
Key Words: Ankle; Accidental falls; Foot; Postural balance;
Rehabilitation; Strength.
© 2011 by the American Congress of Rehabilitation
Medicine
HE MAINTENANCE OF balance when performing funcT
tional tasks is a complex phenomenon that is inﬂuenced by
a range of sensorimotor factors including lower-extremity muscle strength,1 peripheral sensation,2 visual acuity,1 and reaction
time.1 There is also an increasing body of evidence to indicate
that foot and ankle characteristics may inﬂuence performance
in balance and functional tests. Strength of ankle dorsiﬂexor
and plantar ﬂexor muscles have been shown to be correlated
with postural sway and coordinated stability,3,4 walking
speed,5 stair ascent,6 sit-to-stand,7 and the functional movements of stooping, crouching, and kneeling.8 Similarly, dorsiﬂexion range of motion of the ankle and ﬁrst metatarsophalangeal joints has been shown to reduce with age,9 with ankle
range of motion in both the sagittal3,10 and frontal10 planes
associated with balance ability, and reduced ankle dorsiﬂexion
identiﬁed as a signiﬁcant independent predictor of falls.11
In a previous study,3 we reported that the strength of the toe
plantar ﬂexors, ankle dorsiﬂexion range of motion, foot posture, and the presence of hallux valgus were signiﬁcantly
associated with balance and functional ability. However, the
battery of tests included in this study was limited to only 2
strength measures (ankle dorsiﬂexion strength and a dichotomous measure of toe plantar ﬂexor strength) and 2 range-ofmotion measures (ankle joint dorsiﬂexion and ﬁrst metatarsophalangeal joint dorsiﬂexion). Given that the control of
mediolateral stability in both unipedal standing12 and walking13 is inﬂuenced by the degree of frontal plane control of the
subtalar/ankle joint complex, it is likely that inversion-eversion
strength and range of motion may also contribute to an older
person’s ability to perform balance and functional tests.
Therefore, the aim of this study was to build on our previous
work to identify the foot and ankle strength, range of motion,
foot posture, and deformity characteristics that signiﬁcantly
contribute to performance in a battery of balance and functional
tests in a sample of older people. In doing so, we hoped to
identify factors that could be speciﬁcally targeted as part of an
intervention program to improve balance and prevent falls.

List of Abbreviations
FPI
ICC
PPA

Foot Posture Index
intraclass correlation coefﬁcient
Physiological Proﬁle Assessment
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METHODS
Participants
Participants for this study were recruited as part of a randomized controlled trial investigating the efﬁcacy of a podiatry
intervention to prevent falls.14 The sample was made up of 305
community-dwelling people older than 65 years recruited by a
mail-out letter from a database of people who were accessing
podiatry services at the La Trobe University Health Sciences
Clinic, Bundoora, Australia, as well as from advertisements
placed in local and seniors newspapers. Inclusion criteria consisted of (1) an elevated risk of falling, deﬁned as either a
history of a fall in the previous 12 months, a score greater than
1 on the short PPA,15 or performance on the alternate stepping
test of more than 10 seconds16; (2) self-reported disabling foot
pain, deﬁned as foot pain lasting for at least a day within the
last month and a positive response to at least 1 item on the
Manchester Foot Pain and Disability Index17; and (3) intact
cognition, deﬁned as a score of 7 or greater on the Short
Portable Mental Status Questionnaire.18 Exclusion criteria included neurodegenerative disorders, lower-limb amputation,
inability to walk household distances (10m) without the use of
a walking aid, and minimal English language skills. The Human Ethics Committee of La Trobe University approved the
study (ID: 07-118), and all participants provided written informed consent. Each participant was assessed by 1 of 2
assessors. Assessor A was a physiotherapist with 22 years of
clinical experience, and assessor B was a physiotherapist with
10 years of clinical experience. Generic social and health data
were collected through a self-reported questionnaire, and the
Incidental and Planned Activity Questionnaire was used to
obtain physical activity levels of the participants.19
Foot and Ankle Strength and Range of Motion
Testing was conducted on the self-reported dominant limb
with the participant barefoot. Maximal isometric muscle
strength of foot and ankle muscles was assessed in newtons
using a hand held dynamometer.a The foot and ankle muscles
responsible for dorsiﬂexion, plantar ﬂexion, inversion, eversion, and plantar ﬂexion of the hallux and lesser digits were
assessed using the “make” technique in which the examiner
holds the dynamometer stationary while the participant exerts
a maximal force against it.20 Details of the test protocol have
been reported in a previous study that reported excellent test–
retest reliability for both intrarater (ICC, .78 –.94) and interrater
(ICC⫽.77–.88) comparisons.21 Knee extension strength was
assessed with the participant seated on a tall chair with a Velcro
strap attached to a strain gauge placed around the leg, 10cm
above the ankle joint. The participant extended the leg as far as
possible for 2 to 3 seconds for 3 trials, with the highest score
taken as the test result. The reliability of this test has been
shown to be excellent (ICC⫽.97).15
Ankle joint dorsiﬂexion range of motion was recorded in
degrees using a modiﬁed version of the lunge test, which has
been shown to have high reliability in a sample of communitydwelling older people (ICC⫽.87).22 Participants were instructed to take a comfortable step forward, keeping their trunk
upright, without lifting the heel of their back foot from the
ground. The test was conducted with the rear knee extended
and then with the knee ﬂexed. Inversion/eversion range of
motion was assessed with the participants seated. Landmarks
were made on the participants at the midpoint between the
malleoli on the anterior aspect of the ankle, the midline on the
anterior aspect of the lower leg using the crest of the tibia as a
reference point, and the longitudinal midline on the dorsal
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surface of the second metatarsal. A ﬂexible universal goniometer was aligned along the landmarks on the ankle and foot,
and the participants actively moved the ankle to the end of
range of inversion and eversion. High intraobserver reliability
has previously been reported for this test (ICC, .82–.96).23 First
metatarsophalangeal joint dorsiﬂexion range of motion was
measured using a goniometer as the maximum angle at which
the hallux could not be passively moved into further extension
in a nonweight-bearing position. The reliability of this test
(ICC⫽.95) has been reported previously.24
Foot Posture and Deformity
Foot posture was assessed using the FPI. The FPI is a
multidimensional visual observation tool consisting of 6 criteria scored on a 5-point scale (range, –2 to ⫹2), and the summed
score provides an index of the degree of the pronated/supinated
posture of the foot, with higher scores representing a more
pronated (ﬂatter) foot.25 Scores were converted to Rasch-transformed logit values.26 The FPI has been shown to have good
reliability (ICC⫽.61) in older people.27 The severity of hallux
valgus was assessed using the Manchester scale, a clinical tool
consisting of photographs of feet with 4 levels of hallux valgus:
none, mild, moderate, and severe.28 High interobserver reliability has been reported for this test (⫽.86).28 Hallux valgus
was documented as being present if the severity score was
moderate or severe.
Sensorimotor Function
In addition to the foot-speciﬁc measures, all participants
underwent a battery of tests of sensorimotor function that make
up the PPA falls risk assessment tool.15 The rationale behind
the inclusion of these tests is that they have been previously
found to be signiﬁcantly associated with balance, functional
ability, and falls. As such, we considered it important to determine whether the foot-speciﬁc tests provided any additional
insight into physical performance over and above these well
established factors. The sensorimotor test battery included tests
of vision (contrast sensitivity), sensation (tactile sensitivity of
the lateral malleolus), proprioception (lower-limb knee ﬂexion/
extension matching task), and ﬁnger-press reaction time. These
tests form part of the validated falls risk PPA. Descriptions of
the apparatus and procedures for these tests and their test–retest
reliability are reported in detail elsewhere.15
Balance and Functional Ability
The balance and functional tests are shown in ﬁgure 1. All of
the balance tests were completed with the participant barefoot
using a “sway meter,”29 a device consisting of a 40-cm-long
rod with a pen mounted vertically on the end of the rod,
attached to the participant’s waist by a ﬁrm belt. A sheet of
paper was fastened to the top of an adjustable height table, and
the height of the table was adjusted so that the rod was in a
horizontal plane and the tip of a pen could record the sway
movements of the participant on the paper. Postural sway was
recorded standing with eyes open on the ﬂoor and on a medium
density foam rubber mat (see ﬁg 1A) with the sway area
recorded as the maximum displacement in millimeters in the
anteroposterior direction by the maximum displacement in the
mediolateral direction. The reliability (ICC, .57–.68) of this test
has been reported previously.29 Sway measurements using the
sway meter have been validated against center of pressure
measurements obtained from a forceplate.15 Mediolateral stability was measured with the participant standing on the ﬂoor
with the heel of 1 foot placed 2.5cm anterior and 2.5cm lateral
to the hallux of the other foot, and participants were instructed
Arch Phys Med Rehabil Vol 92, January 2011
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Fig 1. Balance and functional tests. (A) Postural sway. (B) Maximal balance range. (C) Coordinated stability. (D) Sit-to-stand. (E) Alternate
step test. (F) Walking speed.
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Table 1: Demographics, Prevalence of Major Medical Conditions,
Physical Activity, and Mobility of Study Population
Condition

Demographics
Women
Body mass index ⬎30
Born in Australia
Living alone
Medical conditions
Hypertension
Heart condition
Stroke
Osteoarthritis
Rheumatoid arthritis
Diabetes
Incontinence
4 or more medications
2 or more falls in previous year
Physical activity
Planned walks ⬍1d/wk
Incidental activity 1h/d
Use walking aid outside house

n (%)

211 (69.18)
132 (43.28)
204 (66.89)
103 (33.77)
190 (62.30)
65 (21.31)
22 (7.21)
212 (69.51)
31 (10.16)
54 (17.70)
48 (15.74)
179 (58.69)
94 (30.82)
146 (47.87)
187 (61.31)
35 (11.48)

to stand as still as possible for 30 seconds while the mediolateral displacement was recorded.30 Leaning balance was measured using the maximum balance range test and coordinated
stability tests.31 For the maximum balance test (see ﬁg 1B),
participants leaned forward then backward as far as possible
from the ankles without moving their feet, and maximal anteroposterior displacement was measured over 3 trials. For the
coordinated stability test (see ﬁg 1C), the participants bent and
rotated at the hips without moving their feet to move the sway
meter pen around a convoluted track. A total error score was
calculated by summing the number of occasions the pen
strayed outside the track.31 Good reliability has been reported
for both the maximum balance test (ICC⫽.74) and the coordinated stability test (ICC⫽.83).31
Functional ability was evaluated using the sit-to-stand test
(time taken to rise from a 43-cm-high chair 5 times without
using the arms as fast as possible) (see ﬁg 1D), alternate
stepping test (the time taken to alternately place each foot on a
19-cm-high step 8 times as fast as possible) (see ﬁg 1E), and
self-selected walking speed over 6m (see ﬁg 1F). These tests
have been shown to be reliable in previous studies of older
people: sit-to-stand (ICC⫽.89),7 alternate step test (ICC⫽.78),
and 6-m walk test (ICC⫽.74).16 Lateral stability, maximum
balance range, coordinated stability, and walking speed were
corrected for height prior to analysis.3
Statistical Analysis
Statistical analysis was undertaken using SPSS version
17.0.b Variables with right-skewed distributions were logtransformed. Pearson correlation coefﬁcients were calculated
to examine the relationships between foot and ankle strength
and range-of-motion measures and the balance and functional
test performance scores. Independent sample t tests were performed for the difference in balance and functional test scores
for the dichotomous measure of the presence of hallux valgus.
Hierarchic stepwise multiple regression analysis was conducted using 4 blocks. The ﬁrst block consisted of the foot and
ankle strength and range-of-motion variables, the second block
of the foot posture and presence of hallux valgus variables, the
third block of sensorimotor function tests, and ﬁnally, age was

forced into the model. Only variables found to be signiﬁcantly
associated with the balance and functional tests were entered
into the regression analysis, and for the strength and range-ofmotion block, variables were entered only if they had a biomechanically plausible relationship to the balance or functional
test being analyzed.
Coefﬁcient of determination (R2) was calculated, which represents the proportion of the total variation in the test score that
is explained by the regression variables. Beta weights and signs
for all variables entered into the regression model were also
examined to ensure they made meaningful contributions to the
test performance.
RESULTS
Characteristics of the Study Population
The sample consisted of 305 participants (94 men, 211
women) age 65 to 93 years (mean age ⫾ SD, 73.9⫾5.9y). The
characteristics of the study population are shown in table 1.
Descriptive Statistics
Table 2 shows the descriptive statistics for each of the foot
and ankle strength, range of motion, sensorimotor variables,

Table 2: Descriptive Statistics for Each of the Continuously
Scored Variables
Mean ⫾ SD

Test

Strength tests (N)
Ankle dorsiﬂexion
Ankle plantar ﬂexion
Ankle inversion
Ankle eversion
Lesser toes plantar ﬂexion
Hallux plantar ﬂexion
Range-of-motion tests (°)
Ankle dorsiﬂexion, knee
extended
Ankle dorsiﬂexion, knee ﬂexed
Ankle inversion-eversion
First metatarsophalangeal
joint
Foot posture
FPI*
Sensorimotor tests
Contrast sensitivity (MET) (dB)
Reaction time (ms)
Proprioception (° error)
Tactile sensitivity, ankle (g)
Knee extension (kg)
Balance and functional tests
Postural sway area, ﬂoor
(mm2)
Postural sway area, foam
(mm2)
Lateral stability (mm)
Maximum balance range
(mm)
Coordinated stability, errors
Alternate step test (s)
Walking speed (m/s)
Sit-to-stand (s)

Range

153.42⫾43.88
202.60⫾53.57
101.81⫾34.74
98.51⫾29.80
67.97⫾26.21
68.59⫾27.43

11.00–266.67
18.67–377.67
5.67–214.33
8.33–211.00
3.67–150.67
5.00–150.33

30.66⫾5.97
39.33⫾6.96
32.59⫾9.57

14.10–48.20
15.70–60.10
0.00–64.00

74.33⫾17.80

18.00–115.00

2.17⫾2.02

–2.67–8.65

18.59⫾1.57
262.20⫾59.40
2.58⫾1.89
4.49⫾0.58
22.74⫾9.17

9.00–22.00
170.00–681.50
0.20–12.40
3.01–5.86
3.00–51.00

126.13⫾169.14

54.42–1347.56

226.91⫾219.78
61.02⫾42.90

57.30–1133.72
10.00–151.00

112.28⫾31.09
9.69⫾8.27
11.75⫾4.12
0.96⫾0.20
13.39⫾4.36

25.95–201.03
0.00–41.06
5.78–29.69
0.18–1.64
4.59–28.19

Abbreviation: MET, Melbourne Edge Test.
*Rasch-transformed.
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Table 3: Associations Between Balance and Functional Tests and Strength, Range-of-Motion, Posture, and Deformity Scores (Pearson r)
Strength
Test

Postural sway area,
ﬂoor‡
Postural sway area,
foam‡
Lateral stability‡
Maximum balance range
Coordinated stability‡
Alternate step test‡
Walking speed
Sit-to-stand‡

AD

AP

AI

AE

⫺.099

⫺.121*

⫺.166†

⫺.160†

⫺.073

⫺.150†

⫺.230
⫺.204†
.158†
⫺.262†
⫺.411†
.258†
⫺.336†

⫺.256
⫺.215†
.079
⫺.339†
⫺.320†
.179†
⫺.279†

⫺.262
⫺.226†
.119*
⫺.340†
⫺.334†
.207†
⫺.308†

⫺.130*
⫺.264†
⫺.004
⫺.352†
⫺.260†
.187†
⫺.355†

⫺.177
⫺.281†*
.041
⫺.353†
⫺.287†
.205†
⫺.404†

⫺.192
⫺.217†
.090
⫺.319†
⫺.377†
.232†
⫺.375†
†

†

†

LTPF

†

Foot
Posture

Range of Motion
HPF

KE

†

ADKE

ADKF

⫺.181†

⫺.040

⫺.049

⫺.239
⫺.206†
.054
⫺.296†
⫺.263†
.182†
⫺.291†

⫺.152
⫺.107
.129*
⫺.198†
⫺.230†
.187†
⫺.201†

⫺.121*
⫺.160†
.181†
⫺.240†
⫺.270†
.283†
⫺.262†

†

†

AIE

1st MPJ

FPI

⫺.062

⫺.010

.123*

⫺.129*
⫺.021
.317†
⫺.101
⫺.235†
.285†
⫺.063

.028
⫺.100
.063
⫺.063
⫺.105
.035
⫺.184†

.172†
.049
⫺.123*
.050
.141*
⫺.122*
⫺.053

Abbreviations: AD, ankle dorsiﬂexion; ADKE, ankle dorsiﬂexion knee extended; ADKF, ankle dorsiﬂexion knee ﬂexed; AE, ankle eversion; AI,
ankle inversion; AIE, ankle inversion-eversion; AP, ankle plantar ﬂexion; HPF, hallux plantar ﬂexion; KE, knee extension; LTPF, lesser toes
plantar ﬂexion; 1st MPJ, ﬁrst metatarsophalangeal joint.
*P⬍.05.
†
P⬍.01.
‡
Log-transformed.
§
Partial correlation controlling for age.

and balance and functional ability tests. Broadly speaking, the
performance of the sample population in these tests was reduced compared with reference samples of community-dwelling older people.3,5,7,10,16,32 This is most likely a result of the
inclusion criteria for this trial of an increased risk of falling and
foot pain.
Correlations Between Foot and Ankle Strength and
Range-of-Motion Variables and Balance and
Functional Ability
Correlations between the foot and ankle strength and rangeof-motion tests and the balance and functional test scores are
shown in table 3. Most strength and range-of-motion variables
were signiﬁcantly associated with balance and functional test
performance, with the strength variables more consistently
associated than the range-of-motion variables. The associations
were modest, ranging from .11 to .41. The FPI was associated
only with postural sway on the foam. Independent sample t
tests revealed the presence of hallux valgus affected performance on the lateral stability and coordinated stability tests
(table 4).
Multiple Regression Analyses
Table 5 shows the results of the stepwise multiple regression
analyses for each of the balance and functional tests. One or
more of the foot and ankle test scores were found to be
signiﬁcant independent predictors of each of the tests. The
most consistent strength variable was hallux plantar ﬂexion
strength, which was an independent predictor of 5 tests and
exhibited the highest beta weight for sit-to-stand (R2⫽–.404),
coordinated stability (R2⫽–.353), and lateral stability (R2⫽–
.281). Ankle inversion-eversion range of motion was an independent predictor of 5 tests, exhibiting the highest beta weight
for the maximum balance range test (R2⫽.317) and walking
speed (R2⫽.285). Tactile sensitivity and contrast sensitivity
were the sensorimotor variables that most consistently explained further variance in the test scores after foot and ankle
characteristics were considered. The inclusion of age explained
further variance in only half of the tests. The amount of
variance explained by the regression models ranged from 2%
(for postural sway on the ﬂoor) to 25% (for the alternate step
and sit-to-stand tests).
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DISCUSSION
The ﬁndings of this study demonstrate there is a signiﬁcant
association between foot and ankle strength, range of motion,
posture, and deformity and performance in balance and functional tests in older people. The strength of the hallux plantar
ﬂexors and the inversion-eversion range of motion of the ankle
joint were the variables most frequently associated with these
tests, particularly the leaning tests and functional measures.
Despite considerable differences in measurement techniques
used, the signiﬁcant contribution of hallux plantar ﬂexion
strength is consistent with previous studies that have reported
associations between toe plantar ﬂexor strength and maximum
balance range,33 postural sway,34 and leaning balance tests and
functional measures.3 These associations may have important
implications for older people, because it has recently been
shown that toe plantar ﬂexion strength is also an independent
predictor of falls.11,35
Ankle inversion-eversion range of motion was also found to
be signiﬁcantly associated with balance and functional test
performance, which is consistent with the study by Mecagni et
Table 4: Balance and Functional Test Scores According to
Presence of Hallux Valgus
Hallux Valgus
Test

Postural sway area,
ﬂoor (mm2)†
Postural sway area,
foam (mm2)†
Lateral stability (mm)†
Maximum balance
range (mm)
Coordinated stability, errors†
Alternate step test (s)†
Walking speed (m/s)
Sit-to-stand (s)†
Values are mean ⫾ SD.
*P⬍.05.
Log-transformed.

†

Present (n⫽122)

Absent (n⫽183)

120.98⫾131.13

129.57⫾190.58

247.59⫾249.14
70.47⫾48.40

213.13⫾197.32
54.72⫾37.65*

108.77⫾32.13
11.24⫾8.66
12.15⫾4.45
0.95⫾0.21
13.60⫾4.27

114.62⫾30.24
8.66⫾7.85*
11.49⫾3.88
0.96⫾0.20
13.25⫾4.42

351

73

FOOT CHARACTERISTICS AND BALANCE, Spink
Table 5: Results of the Hierarchical Multiple Regression Analyses
Test

Predictor Variable

␤ Weights

Adjusted R2

Postural sway area, ﬂoor
Postural sway area, foam

Ankle inversion strength
Ankle eversion strength
Ankle inversion-eversion ROM
FPI
Contrast sensitivity
Age
Hallux plantar ﬂexion strength
Tactile sensitivity
Contrast sensitivity
Ankle inversion-eversion ROM
Ankle plantar ﬂexion strength
Contrast sensitivity
Tactile sensitivity
Age
Hallux plantar ﬂexion strength
Ankle inversion-eversion ROM
Lesser toes plantar ﬂexion strength
Tactile sensitivity
Contrast sensitivity
Ankle plantar ﬂexion strength
Ankle inversion-eversion ROM
Hallux plantar ﬂexion strength
Tactile sensitivity
Age
Ankle inversion-eversion ROM
Hallux plantar ﬂexion strength
Ankle plantar ﬂexion strength
Tactile sensitivity
Age
Hallux plantar ﬂexion strength
Ankle dorsiﬂexion ROM, knee ﬂexed
Tactile sensitivity

⫺.166†
⫺.262†
⫺.112*
.137*
⫺.157†
.128*
⫺.281†
.224†
⫺.114*
.317†
.143†
.170†
⫺.113*
⫺.208†
⫺.353†
⫺.174†
⫺.188*
.174†
⫺.127*
⫺.411†
⫺.216†
⫺.148*
.151†
.116*
.285†
.268†
.134*
⫺.178†
⫺.157†
⫺.404†
⫺.176†
.264†

.024

Lateral stability

Maximum balance range

Coordinated stability

Alternate step test

Walking speed

Sit-to-stand

.075
.090
.110
.121
.076
.131
.115
.148
.183

.157
.183
.196

.221
.240
.250

.153
.180
.200
.187
.251

Abbreviation: ROM, range of motion.
*P⬍.05.
P⬍.01.

†

al,10 who reported that ankle inversion range of motion was
associated with scores on the functional reach test and Performance-Oriented Mobility Assessment in a sample of 34 older
women. It has also been reported that impaired ankle dorsiﬂexion range of motion has relevance to standing balance and
walking because the available range of the body’s center of
mass on the base of support is decreased.36 Our results indicate
the same may be true in regard to ankle inversion-eversion
range of motion and the limits of stability in the mediolateral
direction, as has been suggested in biomechanical modeling
studies.12,13
Foot posture (measured using the FPI) was found to be an
independent predictor of postural sway on the foam, with a
more pronated (ﬂatter) foot corresponding to a poorer performance. This is consistent with a previous study of young adults
that reported having a ﬂatter foot resulted in increased anteroposterior sway37 but is inconsistent with the study by Menz et
al,3 who found that foot posture was not an independent predictor of performance in balance and functional tests. This may
be because foot pain was an inclusion criterion for our study
(possibly resulting in sample group differences in relation to
foot posture) or that our study used the more recent 6-criteria
FPI, while the study by Menz3 used the original, but now
obsolete, 8-criteria FPI.26
The inclusion of sensorimotor function tests explained additional variance in each of the balance and functional tests,

with the exception of postural sway on the ﬂoor. Tactile sensitivity and contrast sensitivity were the variables most frequently and strongly associated with performance in balance
and functional tests, which is consistent with previous evaluations of these variables as determinants of postural sway,1
sit-to-stand,7 and walking speed.5 Interestingly, knee extension
strength was not found to be a signiﬁcant independent predictor
in the regression models, possibly because it did not explain
any additional variance over the foot and ankle strength measures included in the ﬁrst block.
The ﬁndings of our study are comparable to a previous study
by Menz,3 who investigated 176 retirement village residents
(mean age, 80.1y) and compared balance and functional ability
to a range of foot and ankle characteristics. Menz3 reported
ankle dorsiﬂexion range of motion and the strength of the toe
plantar ﬂexors to be signiﬁcantly associated with balance and
functional ability. However, the study by Menz3 conducted
fewer strength and range-of-motion tests than our study and
used a subjective test to assess toe plantar ﬂexor strength. The
amount of explained variance in the Menz3 study was in the
range of 11 to 59%, which is considerably higher than the 2 to
25% reported here. An explanation for this may be the different
sample groups, with the Menz3 sample older (mean, 80.1y vs
73.9y), more active (incidental activity ⬍1h/d of 19% vs 61%),
and residing in a retirement village rather than the general
community.
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Study Limitations
This study has several limitations. The sample was recruited
as part of a randomized controlled trial and, because of the
inclusion and exclusion criteria of the trial, may not be representative of the broader older population. It is clear that the
strength of the associations was relatively modest (Pearson r,
.11–.41) and that much of the variance in the balance and
functional tests remains unaccounted for. This may be because
the participants were required to have foot pain and an elevated
risk of falling, resulting in greater homogeneity than previous
studies. It also is possible that other relevant sensorimotor
factors were not assessed or that the measures we used were too
insensitive to detect subtle but signiﬁcant impairments in the
musculoskeletal and sensory systems.
Despite these limitations, our results have potentially important implications for older people. Given that improvements in
muscle strength have been shown to improve balance38 and
functional ability39 in older people, there may be a role for
exercise interventions to increase toe strength, thereby improving balance. Only 2 such studies have been undertaken to date:
a trial of 19 older people indicating that toe grasping exercises
improve standing balance40 and, more recently, a trial of 56
older people reporting that toe grasping and tip-toe walking
exercises improve gait and functional ability.41 In addition,
although this study has also highlighted the importance of
ankle inversion-eversion range of motion, only 1 trial has
reported improvements in balance associated with increasing
ankle dorsiﬂexion range of motion.42 Given that associations
between lower-limb function and disability, loss of independence, and mortality have been reported in the literature,43
further investigation into the potential for foot and ankle exercises to improve balance and functional ability appears warranted, because these improvements may confer broader beneﬁts on the well being of older people.
CONCLUSIONS
Foot and ankle characteristics, particularly plantar ﬂexor
strength of the hallux and ankle inversion-eversion range of
motion, are important determinants of balance and functional
ability in older people. Further research is required to establish
whether intervention programs that include strengthening and
stretching exercises for the foot and ankle may achieve improvements in balance and functional ability and thereby play
a role in the prevention of falls and loss of independence in
older people.
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ABSTRACT
Objective To determine the effectiveness of a
multifaceted podiatry intervention in preventing falls in
community dwelling older people with disabling foot
pain.
Design Parallel group randomised controlled trial.
Setting University health sciences clinic in Melbourne,
Australia.
Participants 305 community dwelling men and women
(mean age 74 (SD 6) years) with disabling foot pain and an
increased risk of falling. 153 were allocated to a
multifaceted podiatry intervention and 152 to routine
podiatry care, with 12 months’ follow-up.
Interventions Multifaceted podiatry intervention
consisting of foot orthoses, advice on footwear, subsidy
for footwear ($A100 voucher; £65; €74), a home based
programme of foot and ankle exercises, a falls prevention
education booklet, and routine podiatry care for
12 months. The control group received routine podiatry
care for 12 months.
Main outcome measures Proportion of fallers and
multiple fallers, falling rate, and injuries resulting from
falls during follow-up.
Results Overall, 264 falls occurred during the study. 296
participants returned all 12 calendars: 147 (96%) in the
intervention group and 149 (98%) in the control group.
Adherence was good, with 52% of the participants
completing 75% or more of the requested three exercise
sessions weekly, and 55% of those issued orthoses
reporting wearing them most of the time. Participants in
the intervention group (n=153) experienced 36% fewer
falls than participants in the control group (incidence rate
ratio 0.64, 95% confidence interval 0.45 to 0.91, P=0.01).
The proportion of fallers and multiple fallers did not differ
significantly between the groups (relative risk 0.85, 0.66
to 1.08, P=0.19 and 0.63, 0.38 to 1.04, P=0.07). One
fracture occurred in the intervention group and seven in
the control group (0.14, 0.02 to 1.15, P=0.07). Significant
improvements in the intervention group compared with
the control group were found for the domains of strength
(ankle eversion), range of motion (ankle dorsiflexion and
inversion/eversion), and balance (postural sway on the

floor when barefoot and maximum balance range wearing
shoes).
Conclusions A multifaceted podiatry intervention reduced
the rate of falls in community dwelling older people with
disabling foot pain. The components of the intervention
are inexpensive and relatively simple to implement,
suggesting that the programme could be incorporated
into routine podiatry practice or multidisciplinary falls
prevention clinics.
Trial registration Australian New Zealand Clinical Trials
Registry ACTRN12608000065392.

INTRODUCTION
Falls in older people are a major public health problem, with 1 in 3 people aged 65 and over falling each
year.1 2 It is well recognised that falls result from the
interaction between environmental hazards and
physiological risk factors, such as impaired vision,
muscle weakness, and slow reaction time.1-4 More
recently, foot problems, which affect 1 in 3 older
people5-7 and are a common reason for consultation
in primary care,8 have been associated with falls. Specifically, foot pain, reduced range of motion, toe weakness, and toe deformity have each been shown to be
independent risk factors for falling.9 10 In addition, footwear related risk factors for falls include walking barefoot, walking in socks alone or wearing shoes with
inadequate fixation (that is, no laces, straps, or
buckles), increased heel height, and reduced contact
area of sole.11-14
Given the emerging evidence that foot problems and
inappropriate footwear increase the risk of falls, several
guidelines for falls prevention recommend that older
people have their feet and footwear examined by a
podiatrist.15-18 These guidelines do not, however, specify the assessment or intervention activities to be
undertaken, and few randomised controlled trials
have been carried out to inform clinical practice.
Three multifactorial intervention studies have
included assessment of participants’ feet and footwear
as part of the protocol, with referral to a podiatrist when
appropriate.19-21 However, the criteria for referral to a
page 1 of 8
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podiatrist were not described nor was there any analysis of the effectiveness or benefit of such referrals. Only
one trial has been undertaken in relation to footwear,
which specifically focused on a modification to reduce
slipping on icy surfaces.22
To deal with this gap in the literature and to determine whether podiatry has a role in falls prevention,
we carried out a randomised controlled trial to determine the effectiveness of a novel, multifaceted podiatry
intervention addressing foot and footwear risk factors
in reducing the rate of falls in older community dwelling people with disabling foot pain.
METHODS
Between July 2008 and September 2009 we recruited
participants by post using a database of people who
were accessing podiatry services at the La Trobe University Health Sciences Clinic, Bundoora, Victoria,
Australia, and by advertisements in local newspapers
and on the radio. Participants were eligible if they were
community dwelling, were aged 65 years or over, were
cognitively intact (defined as a score of ≥7 on the short
portable mental status questionnaire),23 reported disabling foot pain (defined as foot pain lasting for at
least a day within the last month and a positive
response of “some days” or “most/every days” to at
least one item on the Manchester foot pain and disability index),24 and had an increased risk of falling
(defined as either a history of a fall in the previous
12 months, a score of >1 on the physiological profile
assessment tool,3 or performance on the alternate stepping test of >10 seconds).25 Exclusion criteria included
neurodegenerative disorders, leg amputation, inability
to walk household distances (10 m) without the use of a
walking aid, limited English language skills, and leg
surgery three months before the initial assessment or
planned leg surgery within a period of three months of
the planned initial assessment.
Trial design
We carried out a parallel group randomised controlled
trial with 12 months’ follow-up. An a priori sample size
calculation, based on a falling rate of 60% in the control
group, a 30% reduction in the proportion of fallers in
the intervention group, a 15% dropout rate, 80%
power, and a significance level of 5%, indicated that
we needed 286 participants (143 per group). Participants were initially screened by phone for eligibility
then assessed at baseline and at six months after baseline by an assessor blind to group allocation. Two
assessors were available for the assessments and were
allocated to participants based on their availability.
Each participant was tested by the same assessor at
both the baseline and six month follow-up appointments. Both assessors (MRF and EW) were physiotherapists. The baseline assessment was carried out
after we had obtained written informed consent.
Group allocation (randomisation) was then undertaken and the intervention was administered to those in
the intervention group by MJS, a podiatrist. This
occurred during a single session at the La Trobe
page 2 of 8

University Health Sciences Clinic. Participants were
then provided with a falls calendar to record any falls
that occurred in the 12 months after the baseline assessment. Full details of the inclusion criteria and methods
are reported in the trial protocol paper.26
Randomisation
Participants were randomly allocated to either the control group or the multifaceted podiatry intervention
group. One investigator (MJS, who administered the
intervention) used an interactive voice response telephone service provided by the National Health and
Medical Research Council Clinical Trials Centre at
the University of Sydney to carry out permuted block
randomisation with mixed block lengths of four and six
participants.
Interventions
Both the control group and the intervention group
were asked to continue with the podiatry treatment
they were currently receiving, and all were offered
free podiatry treatment at the La Trobe University
Health Sciences Clinic for the 12 months of the study.
The intervention group was also provided with a multifaceted intervention package consisting of foot
orthoses, advice and provision of footwear, a home
based foot and ankle exercise programme, and education in falls prevention.
Foot orthoses—we issued prefabricated, full length,
dual density orthoses made from a thermoformable
cross linked closed cell polyethylene foam with a firm
density base and a soft density top cover (Formthotics;
Foot Science International, Christchurch, New Zealand) to each participant who was not currently wearing
customised or prefabricated orthoses. Consistent with
the manufacturer’s instructions, the orthoses were heat
moulded to each participant’s foot shape. The orthoses
were then appropriately customised using 3 mm thick
Poron (Rogers, Rogers, CT), a urethane foam, to redistribute pressure away from plantar lesions, such as calluses, that were identified on the participant’s forefoot.
Footwear advice and provision—we used a validated
footwear assessment form to assess participants’ outdoor footwear.27 Participants with inappropriate footwear (defined as a heel height >4.5 cm, or any two of no
fixation, no heel counter, a heel counter that could be
compressed greater than 45 degrees, a fully worn or
smooth sole, or a shoe heel width narrower than the
participant’s heel by at least 20%) were counselled on
the specific identified hazardous features of the footwear and were provided with a handout on what constitutes a safe shoe. They were provided with the
contact details of an extra depth and medical grade
footwear retailer and asked to purchase a more appropriate pair of shoes. The purchase of footwear was subsidised by the provision of a voucher ($A100; £65;
€74).
Home based foot and ankle exercise programme—participants were asked to perform a standardised 30 minute
home based exercise programme three times a week
for six months, aimed at stretching and strengthening
BMJ | ONLINE FIRST | bmj.com
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the muscles of the foot and ankle (see web extra on
bmj.com). All participants were prescribed the same
exercise programme and were instructed to increase
the number of repetitions or resistance at a self paced
rate based on their ability to perform the exercise with
no pain during the movement and no muscle soreness
the next day. Participants were provided with a daily
exercise diary to document their adherence to the programme and were instructed to return these each
month in pre-paid envelopes. MJS telephoned the participants at 1, 4, 12, and 20 weeks to answer any queries
and to promote adherence to the programme.
Falls prevention education—we provided each participant with a booklet produced by the Australian Commonwealth Department of Health and Ageing.16 This
booklet provides a general overview of risk factors for
falls and outlines strategies to prevent falls. We also
used diagrams and headings in the booklet to explain
to each participant their risk of falls and to assist in discussing what participants could do to minimise their
risk of falling.
Outcomes
The primary outcome measures were the proportion
of fallers, the proportion of multiple fallers (those who
fell on two or more occasions), and the falling rate (the
number of falls per participant) in the 12 months after
the baseline assessment. Falls were defined as “an
unexpected event in which the participant comes to
rest on the ground, floor, or lower level.”28 We collected data on falls using monthly falls calendars
(returned in pre-paid envelopes) with follow-up telephone calls as required.

Assessed for eligibility (n=847)
Excluded (n=542):
No foot pain (n=213)
Declined (n=195)
Low falls risk (n=78)
Degenerative neurological condition (n=23)
Use of walking aid (n=18)
Insufficient English (n=15)
Randomised (n=305)

Allocated to intervention group (n=153)
Received allocated intervention (n=153)

Allocated to control group (n=152)
Received allocated intervention (n=152)

Attended 6 month assessment (n=134)
Did not attend (n=19):
No reason given (n=5)
Illness or injury (n=13)
Lack of time (n=1)

Attended 6 month assessment (n=143)
Did not attend (n=9):
No reason given (n=4)
Illness or injury (n=3)
Lack of time (n=2)

Completed 12 month follow-up (n=147)
Did not complete (n=6):
No reason given (n=3)
Illness or injury (n=3)

Completed 12 month follow-up (n=149)
Did not complete (n=3):
No reason given (n=2)
Died (n=1)

Analysed (n=153)

Flow of participants through study
BMJ | ONLINE FIRST | bmj.com

Analysed (n=152)

Secondary outcome measures recorded at baseline
and at the six months’ follow-up assessment are
described in detail in the protocol paper.26 These
included clinical tests of foot and ankle strength and
range of motion, balance, and functional ability; the
total physiological profile assessment falls risk score3;
pain and function subscales of the Manchester foot
pain and disability index29; the short falls efficacy
scale international30; and the mental and physical component summary scores of the short form health
survey.31 The secondary outcomes were assessed at
six months, as we considered this period sufficient for
all of the interventions to be implemented and for any
effects of the exercise programme to be apparent.
Statistical analysis
All analyses were carried out using the intention to
treat principle. We analysed the number of falls per
participant by using negative binomial regression to
estimate the difference in falls rate between the groups.
This approach takes into account all falls and adjusts
for varying duration of follow-up.32 Using relative risks
we compared the proportion of fallers and multiple
fallers in each group. We compared the continuously
scored secondary outcome measures using the linear
regression approach to analysis of covariance, with
baseline scores and intervention group entered as independent variables.33 Multiple imputation was used to
replace missing data for the secondary measures at the
six months’ follow-up, using five iterations, with age,
baseline scores, and group allocation as predictors.34 35
Retrospective multiple testing using the Hochberg
procedure36 was done on the secondary outcome measures, which were divided into eight domains of
strength, range of motion, balance, functional ability,
falls risk, foot pain and disability, fear of falling, and
health related quality of life. Statistical analysis was
undertaken using SPSS and Stata statistical software.
RESULTS
The figure shows the flow of participants through the
study. The sample consisted of 305 participants (94
men and 211 women) aged 65 to 93 years, mean age
73.9 (SD 5.9) years. The participants in the two groups
had similar baseline characteristics (table 1). The mean
duration of foot pain was 6.9 years and the regions
most commonly affected were the toes (69%), forefoot
(62%), mid-foot (48%), and heel (46%). During analysis
it was identified that one participant who should have
been excluded from the study (owing to Parkinson’s
disease) was inadvertently included and allocated to
the control group. To satisfy the intention to treat
principle, 37 data for this participant were included in
the analyses (this participant did not report any falls
during the trial period).
Intervention adherence and participant retention
Participation in the exercise intervention as measured
by the proportion of self reported completed exercise
sessions was 66%, with 52% of the participants completing 75% or more of the requested three exercise
page 3 of 8
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Table 1 | Baseline characteristics of participants in intervention (multifaceted podiatry
programme) and control (routine podiatry care) groups. Values are numbers (percentages)
unless stated otherwise
Podiatry intervention group
(n=153)

Control group
(n=152)

Mean (SD) age (years)

74.2 (6.0)

73.6 (5.7)

Women

106 (69)

105 (69)

Characteristics

Living alone

50 (33)

53 (35)

29.4 (5.0)

29.7 (5.4)

Diabetes

23 (15)

31 (20)

Stroke

10 (7)

12 (8)

Heart disease

34 (22)

31 (21)

Osteoarthritis

106 (69)

90 (59)

12 (8)

19 (13)

≥4 drugs

91 (60)

88 (58)

Fallen in past 12 months

82 (57)

83 (55)

≥2 falls in previous year

48 (32)

45 (30)

33.9 (15.2)

36.0 (13.2)

Mean (SD) body mass index
Medical conditions:

Rheumatoid arthritis

Physical activity:
Mean (SD) incidental activity (hrs/week)
Mean (SD) planned activity (hrs/week)
Mean (SD) duration of foot pain (years)

3.3 (3.5)

3.9 (4.3)

6.1 (7.5)

7.7 (8.1)

Location of foot pain:
Heel

80 (52.6)

61 (39.9)

Arch

80 (52.6)

67 (43.8)

Forefoot

92 (60.5)

97 (63.4)

Toes

102 (67.1)

109 (71.2)

sessions per week. At baseline, 50 participants (33%) in
the intervention group and 46 (30%) in the control
group were using foot orthoses. Of the 103 participants
(67%) in the intervention group who were issued with
foot orthoses at baseline, the following adherence rates
were reported at the six months’ follow-up: 57 (55%)
wore the orthoses most of the time, 14 (14%) some of
the time, 8 (8%) a little of the time, 8 (8%) none of the
time, and 16 (15%) were lost to follow-up.
Inappropriate footwear was identified at the baseline
assessment in 41 participants (27%) in the intervention
group and 46 (31%) in the control group. At the six
months’ follow-up, of the 41 participants in the intervention group who were issued with footwear vouchers and advice, 15 (37%) reported wearing the new
footwear most of the time, 7 (17%) some of the time, 3
(7%) a little of the time, 1 (3%) none of the time, 12
(29%) did not purchase new footwear, and 3 (7%)
were lost to follow-up. The mean number of visits to
a podiatrist during the 12 month trial period differed
significantly between the intervention and control
groups: 4.4 (SD 3.0) v 5.2 (SD 3.0), P=0.02.
At the six month follow-up, 28 participants failed to
attend (19 from the intervention group and nine from
the control group), giving completion rates of 86% and
94%, respectively, although some of these continued to
provide falls calendars. At the end of the 12 month
period, nine participants had withdrawn from the
trial (six from the intervention group and three from
the control group), giving completion rates of 96%
and 98%, respectively. The figure shows the reasons
page 4 of 8

given for non-completion. One death occurred during
the trial, which was unrelated to the intervention and
was not falls related. None of the participants reported
any adverse events during the trial.
Primary outcomes
All 305 participants completed one or more falls calendars and 296 returned all 12 calendars: 147 (96%) in the
intervention group and 149 (98%) in the control group.
The mean number of days of follow-up for the primary
outcome measures was similar between the intervention and control groups: 357.0 (SD 43.4) v 361.5
(30.2). In total, 264 falls occurred during the study,
with the intervention group recording 103 and the control group 161. Table 2 shows the rate of falls and the
proportion of fallers and multiple fallers in each group
over the 12 month period. The mean number of falls
per person per year was 1.06 for the control group
(range 0-15) and 0.67 for the intervention group
(range 0-6). This corresponds to a 36% reduction in
the falls rate during the trial for the intervention
group compared with the control group (incidence
rate ratio 0.64, 95% confidence interval 0.45 to 0.91,
P=0.01). The proportion of fallers did not differ significantly between the groups (relative risk 0.85, 95% confidence interval 0.66 to 1.08, P=0.19) or multiple fallers
(0.63, 0.38 to 1.04, P=0.07).
The median number of days to the first fall during
follow-up was 85 in the intervention group and 64 in
the control group. In total, eight participants had falls
that resulted in fractures, with the intervention group
accounting for one of these and the control group
accounting for the other seven (0.14, 0.02 to 1.15, Fisher’s exact test, P=0.07). Five participants in each group
were admitted to hospital after a fall. A further seven
(two in the intervention group and five in the control
group) presented to the emergency department after a
fall, and another 24 (13 in the intervention group and
11 in the control group) consulted their general practitioner after a fall.
Secondary outcomes
Six month follow-up data for the secondary outcome
measures were available for 91% of the participants
(87% of the intervention group and 94% of the control
group). The mean time between baseline and six
month follow-up assessments was similar between the
intervention and control groups: 184.1 (SD 13.6) v
184.3 (13.4) days. Missing data were considered not
to be missing completely at random (Little’s test
χ2=180.8, P<0.001) and were therefore imputed, with
age, baseline scores, and group allocation as predictors. Table 3 shows baseline and six month scores for
the secondary outcome measures in the domains of
strength, range of motion, balance, functional ability,
risk of falls, foot pain and disability, fear of falling, and
health related quality of life. Significant improvements
in the intervention group compared with the control
group were found for the domains of strength (ankle
eversion), range of motion (ankle dorsiflexion and
inversion/eversion), and balance (postural sway on
BMJ | ONLINE FIRST | bmj.com
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Table 2 | Falls rate and proportions of fallers and multiple fallers by treatment group over
12 month trial period. Values are numbers (percentages) unless stated otherwise
Podiatry intervention
group (n=153)

Control group
(n=152)

Falls risk ratio
(95% CI)

0.67 (0-6)

1.06 (0-15)

0.64 (0.45 to 0.91)*

0.01

≥1 falls

64 (42)

75 (49)

0.85 (0.66 to 1.08)†

0.19

≥2 falls

21 (14)

33 (22)

0.63 (0.38 to 1.04)†

0.07

Outcome measure
Mean (range) falls per participant

P value

*Incidence rate ratio.
†Relative risk.

the floor when barefoot and maximum balance range
test wearing shoes). Six of the eight secondary outcome
measures remained significantly different between the
groups at the P<0.05 level after Hochberg adjustment.
DISCUSSION
A multifaceted podiatry intervention was effective in
reducing falls in community dwelling older people
with disabling foot pain, suggesting that this approach
may be a useful addition to existing falls prevention
programmes. This randomised trial is the first to evaluate a falls prevention intervention specifically targeting foot and footwear risk factors. The observed 36%
reduction in falls rate is similar to the reduction
achieved with individually prescribed multiple component home based exercises, Tai Chi, and cataract
surgery reported in the most recent Cochrane review
of community based falls prevention trials.38 In addition to the reduced falling rate, fewer participants in the
intervention group than control group had a fracture
resulting from a fall during the trial, but this did not
reach significance (P=0.07). This pattern is similar to
that found in other fall prevention studies involving
home based exercise39 and cataract surgery.40 It is
likely that the lack of a significant reduction in fractures
in this trial resulted from the relatively small number of
fractures reported, with consequent low statistical
power for this outcome measure.
The proportion of fallers or multiple fallers did not
differ significantly between the groups, although the
trend was for a greater proportion of fallers in the control group, particularly multiple fallers. Although it is
not uncommon for trials on falls to report a reduction
in the rate of falls but no significant difference in the
proportion of fallers,41-43 this trial may have been
underpowered for detecting a difference in the proportion of fallers, as our sample had a lower risk of falls
than anticipated. The a priori sample size calculation
used a falls rate of 60% in the control group based on a
previous study of older people with foot pain, but during the trial only 49% of the control group fell.
Analysis of the secondary outcome measures suggests that the observed reduction in falls may in part
be mediated by increases in foot and ankle strength and
range of motion, leading to improvements in balance
and functional ability. It has been shown previously
that muscle strength at the ankle is correlated with
balance,44 45 walking speed,46 and functional
movements.47-49 Although increases in muscle strength
after exercise interventions with associated
BMJ | ONLINE FIRST | bmj.com

improvements in balance, functional ability, and
reduction in falls have been well established,38 50 51 previous studies have concentrated on muscle groups
proximal to the foot and ankle. While this is the first
large randomised trial to focus specifically on the foot
and ankle, it concurs with smaller trials that have
reported improvements in foot and ankle strength
after exercise programmes.49 52 53 The observed
improvements in the intervention group in strength
and range of motion, in conjunction with improvement
in some balance measures, suggest that the intervention resulted in changes in the musculoskeletal system that reduces the risk of falling.
The multifaceted nature of the intervention makes it
difficult to delineate the relative contribution of each
component in preventing falls. However, it is likely
that the exercise programme was the key component
of the intervention, for two main reasons. Firstly,
improvements occurred in the secondary outcomes
of foot and ankle strength and range of motion, which
are unlikely to have resulted from the footwear or foot
orthoses components. Secondly, less than one third of
the study population presented with inappropriate
footwear, and only 17% (n=26) of the intervention
group purchased new footwear, so the contribution of
this component of the intervention would have been
relatively minor. Although the foot orthoses used in
the study were not specifically designed to improve
balance, they may have had a direct effect on balance
by improving foot stability and enhancing plantar sensory feedback54 and an indirect effect by reducing plantar pressure and foot pain, both of which have been
identified as risk factors for falls.55
The relatively low need to provide new footwear was
a surprising aspect of this trial, as previous studies have
indicated that between 43% and 75% of older people
wear inappropriate footwear.12 13 56 A likely explanation for the relatively low prevalence of inappropriate
footwear is that most of the participants regularly
accessed podiatry services, where appropriate footwear would have been frequently emphasised. However, it also needs to be acknowledged that we did
not consider participants’ indoor footwear. It has previously been reported that selection of indoor footwear
by older people is influenced primarily by comfort and
low cost, and that household shoes are infrequently
replaced.57 As such, it is possible that several participants wore suboptimal indoor footwear that may
have contributed to their risk of falling.
Adherence to the intervention
Adherence to the intervention was generally good,
with more than half of the participants performing
75% of the exercise sessions and wearing the foot
orthoses on a regular basis. However, 29% of those
identified as wearing inappropriate outdoor footwear
did not take up the option of purchasing new shoes,
despite receiving advice about the possible risks associated with their footwear and being provided with a
voucher to partly cover the costs. Several previous studies have reported difficulties in convincing older
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Table 3 | Secondary outcome measures at baseline and six month follow-up. Values are means (standard deviations) unless otherwise stated
Podiatry intervention group (n=153)
Variables

Baseline

Follow-up

Control group (n=152)
Baseline

Follow-up

Adjusted mean difference
(95% CI)†

P value

0.063

Strength (Newtons):
Ankle dorsiflexion

154.72 (41.65)

171.19 (44.77)

152.11 (46.11)

161.91 (44.45)

7.60 (−0.41 to 15.62)

Ankle plantarflexion

206.17 (55.29)

228.94 (51.86)

199.01 (51.72)

220.86 (51.10)

3.94 (−5.75 to 13.63)

0.423

Ankle inversion

100.73 (34.91)

106.14 (34.58)

102.90 (34.66)

102.61 (31.56)

5.33 (0.53 to 10.13)

0.030

Ankle eversion

97.85 (29.08)

107.76 (28.53)

99.18 (30.60)

101.10 (28.26)

7.69 (2.87 to 12.51)

0.002*

Lesser toe plantarflexion

68.00 (25.06)

74.11 (30.04)

67.95 (27.18)

70.13 (27.11)

4.01 (−1.14 to 9.17)

0.125

Hallux plantarflexion

68.23 (26.97)

69.69 (30.15)

68.95 (27.98)

69.86 (28.16)

0.43 (−4.00 to 4.87)

0.847

Ankle dorsiflexion, knee extended

30.91 (5.60)

32.81 (6.75)

30.41 (6.32)

31.09 (5.95)

1.37 (0.34 to 2.41)

0.009*

Ankle dorsiflexion, knee flexed

39.96 (7.07)

40.73 (7.50)

38.69 (6.81)

38.63 (6.10)

1.05 (0.18 to 1.92)

0.018*

Ankle inversion/eversion

32.56 (9.51)

36.17 (11.23)

32.63 (9.65)

33.54 (9.62)

2.66 (0.65 to 4.66)

0.010*

1st MTPJ dorsiflexion

72.85 (18.76)

76.21 (18.44)

75.83 (16.71)

78.99 (15.54)

−0.18 (−2.27 to 1.91)

0.865
0.003*

Range of motion (degrees):

Balance tests:
Postural sway on floor, barefoot (mm²)

137.82 (205.87)

93.16 (39.82)

114.37 (121.06)

119.07 (126.34)

−28.63 (−49.08 to −8.17)

Postural sway on foam, barefoot (mm²)

215.87 (203.26)

160.84 (104.26)

238.03 (235.39)

220.48 (323.97)

−51.02 (−103.49 to 1.44)

0.083

Postural sway on floor, shod (mm²)

114.66 (75.67)

103.59 (41.00)

120.62 (76.03)

117.73 (119.62)

−10.95 (−29.76 to 7.87)

0.478

Postural sway on foam, shod (mm²)

201.49 (148.90)

179.10 (118.58)

224.15 (182.76)

190.93 (194.90)

−2.96 (−34.42 to 31.50)

0.888

Maximum balance range, barefoot (mm)

116.16 (33.17)

133.10 (31.29)

108.37 (28.41)

123.86 (26.65)

4.00 (−1.21 to 9.20)

0.131

Maximum balance range, shod (mm)

125.02 (27.74)

140.44 (28.12)

122.48 (27.18)

127.80 (29.10)

10.83 (5.48 to 16.19)

<0.001*

Coordinated stability, barefoot (errors)

9.20 (8.13)

8.07 (7.71)

10.18 (8.40)

9.23 (7.83)

−0.50 (−1.74 to 0.74)

0.051

Coordinated stability, shod (errors)

7.78 (7.17)

7.15 (6.67)

8.96 (7.80)

7.39 (6.65)

0.48 (−0.58 to 1.54)

0.421

Lateral stability, barefoot (mm)

58.42 (40.79)

52.49 (38.94)

63.64 (44.91)

53.56 (40.38)

1.54 (−6.71 to 9.80)

0.889

Lateral stability, shod (mm)

50.09 (37.27)

49.13 (32.16)

48.78 (32.83)

48.43 (29.82)

−0.52 (−6.07 to 7.11)

0.918

Functional ability:
Alternate step test (s)

11.95 (4.39)

10.25 (3.93)

11.56 (3.84)

10.53 (3.93)

−0.53 (−1.12 to 0.07)

0.038

Six metre walk (m/s)

0.95 (0.20)

0.98 (0.20)

0.96 (0.20)

0.99 (0.21)

0.00 (−0.03 to 0.03)

0.959

Sit to stand (s)

13.41 (4.16)

12.72 (6.64)

13.37 (4.56)

12.43 (5.79)

0.29 (−0.79 to 1.38)

0.348

1.28 (0.93)

0.81 (0.92)

1.38 (1.00)

1.05 (0.98)

−0.17 (−0.35 to 0.01)

0.059

MFPDI, pain subscale

3.86 (1.95)

2.75 (2.11)

4.03 (2.04)

3.26 (2.52)

−0.42 (−0.91 to 0.08)

0.101

MFPDI, function subscale

8.01 (4.39)

5.65 (4.59)

8.04 (4.40)

6.24 (4.85)

−0.55 (−1.49 to 0.40)

0.257

13.08 (3.99)

11.94 (4.28)

13.38 (4.51)

12.49 (3.97)

−0.31 (−1.06 to 0.44)

0.419

SF-12 physical score

38.77 (10.08)

40.06 (10.06)

39.83 (9.28)

39.51 (10.72)

1.33 (−0.40 to 3.06)

0.131

SF-12 mental score

50.16 (11.14)

50.61 (10.32)

49.09 (10.44)

50.12 (9.55)

−0.14 (−2.00 to 1.71)

0.881

Falls risk:
PPA total score
Foot pain and disability:

Fear of falling:
Falls efficacy scale international
Health related quality of life:

PPA=physiological profile assessment; MTPJ=metatarsophalangeal joint; MFPDI=Manchester foot pain and disability index, SF-12=short form 12 health survey.
*P<0.05 after retrospective testing using Hochberg procedure.
†Adjusted for baseline score and intervention group using analysis of covariance.

people to change their footwear to improve their foot
health or decrease their risk of falls,58-60 which has been
attributed to the unique role of footwear as both an
item of clothing and a health related intervention.61
Given the somewhat conflicting requirements of aesthetics and function, specifically in relation to women’s
shoes, it is likely that full adherence to footwear interventions will continue to be difficult to achieve.
Despite the inherent difficulties in promoting adherence to footwear recommendations, the multifaceted
intervention evaluated in this study could potentially
be incorporated into routine podiatry practice or multidisciplinary falls prevention clinics. The home based
exercise programme is feasible for older people to
page 6 of 8

undertake, requires simple and inexpensive equipment, and can be easily explained to participants with
the assistance of a booklet and accompanying DVD.
Furthermore, the foot orthoses used are prefabricated,
so do not require the time consuming and costly casting and manufacturing processes associated with individually customised devices. The cost effectiveness of
the multifaceted intervention is yet to be undertaken,
however, and would vary according to the clinical context in which it was to be administered.
Strengths and limitations of the study

The strengths of our study are its high completion rate
and small losses to follow-up. However, the findings
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Foot problems impair balance and gait and increase the risk of falls
Inappropriate footwear impairs balance and increases the risk of falls

WHAT THIS STUDY ADDS
A multifaceted podiatry intervention consisting of a foot and ankle exercise programme, foot
orthoses, advice on footwear, subsidised footwear, and general falls education significantly
reduced the rate of falls in community dwelling older people with disabling foot pain
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need to be interpreted in the context of certain limitations. Firstly, owing to the nature of the intervention, it
was not possible to blind participants to their group
allocation. Secondly, the sample may have been biased
towards volunteers with a heightened interest and
commitment in the intervention, as 195 people who
initially expressed interest declined participation, primarily due to reluctance to commit to the study for a
12 month period. Thirdly, the intervention did not target all relevant risk factors for foot and ankle. Both hallux valgus and deformity of the lesser toes have been
shown to increase the risk of falls,9 10 but these conditions generally require surgical treatment, which was
beyond the scope of the study. Finally, care needs to be
taken in generalising these findings, as all participants
were living independently in the community, had disabling foot pain and an increased risk of falling, and
regularly accessed podiatry services. Whether the
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podiatry intervention is an effective falls prevention
strategy in older people with disabling foot pain and
an increased risk of falls. The reduction in falls is likely
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