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SUMMARY 
Despite the growing evidence that foot pain is a fall risk factor 
for older people, the mechanisms behind the association are 
poorly understood.  Foot function was assessed on 312 older 
people by measuring ankle dorsiflexion strength, ankle 
dorsiflexion flexibility, foot reaction time, hallux and lesser 
toe flexor strength and spatiotemporal gait parameters to 
determine any differences between individuals with and 
without disabling foot pain. Participants with foot pain had 
significantly reduced ankle dorsiflexion and hallux flexor 
strength, which may partially explain the reduction in stride 
length, step length and walking speed displayed by these 
individuals.  It is plausible that these alterations to foot 
function may contribute to an increased risk of falling.  
Therefore, providing older people with interventions that treat 
foot pain and increase strength of the foot and ankle muscles 
may play a role in reducing fall risk and improving quality of 
life. 
 
 
INTRODUCTION 
Foot pain has been found to be present in up to 60% of the 
older population [1] with the prevalence of foot/ankle pain 
increasing with age. For those who suffer foot pain, it has been 
most frequently reported to occur when walking [1] with 
studies reporting that up to 80% of people with foot pain have 
walking difficulty. 
 
In addition, previous research has identified foot pain as an 
important falls risk factor in community-dwelling older people 
[2], older disabled women [3] and older retirement village 
residents [4].  Despite the growing evidence that foot pain is a 
falls risk factor for older people; the mechanisms behind the 
association are poorly understood. Therefore, the purpose of 
this study was to determine whether disabling foot pain was 
associated with changes in foot and ankle characteristics, 
which may impair functional ability in older adults. 
 
 
METHODS 
Three-hundred and twelve older men and women aged 
between 60-90 years (females = 154; mean age = 71.2 ± 7.7 
yr; height = 1.66 ± 0.1 m; BMI = 28.5 ± 5.4 kg.m-2) were 
randomly recruited, using the Australian Electoral roll, from 
the Sydney and Illawarra statistical regions of New South 
Wales, Australia, to participate in the study.  Each participant 
completed the Manchester Foot Pain and Disability Index 

(MFPDI) [5] to establish presence of foot pain.  Ankle 
dorsiflexion strength (kg), ankle dorsiflexion flexibility (°), 
foot reaction time (ms) and hallux and lesser toe flexor 
strength (% body weight [6]) were assessed to characterise 
foot function. The spatial and temporal characteristics of each 
participant’s gait were also measured using a GAITRite® mat.  
Analysis of covariance tests were conducted to determine 
whether there were any significant differences in the foot 
function variables in those participants reporting foot pain 
compared to those without foot pain, with gender and body 
mass index (BMI; kg.m-2) entered as covariates. 

 
 
RESULTS AND DISCUSSION 
Disabling foot pain classified using the MFPDI definition 
(score ≥ 1) was prevalent in 49.7% of the participants.  
Participants with foot pain had significantly reduced ankle 
dorsiflexion and hallux flexor strength (p < 0.02; see Table 1).  
Ankle flexibility and foot reaction time did not differ between 
those who had foot pain and those who did not.  Stride length, 
step length and walking speed were significantly reduced in 
those with foot pain; however, other gait variables such as step 
width and time spent in the different gait phases did not differ 
significantly between the foot pain groups.  Gait variability, 
defined as the within-subject standard deviation, did not differ 
between the participant groups for any of the gait variables (all 
p > 0.05). 
 
The reduced step/stride length and walking speed evident in 
the older people with foot pain may be partly attributed to the 
reduced foot and ankle muscle strength also evident in this 
group.  Toe flexor weakness will reduce an individual’s ability 
to control shifts of body weight and propel the body forward 
during walking, whereas ankle dorsiflexor weakness may 
reduce the ability to lift the foot and toes off the ground during 
the swing phase of gait to avoid tripping.  In fact, reduced toe 
clearance and maximal ankle dorsiflexion throughout the 
swing phase have been found to be characteristic of older 
people with a history of falling [7,8]. Decreased ankle 
dorsiflexion strength has been also been found to be a risk 
factor for falls in older people with peripheral neuropathy [8] 
and diabetes [9].  Furthermore, our prospective falls study, on 
the same cohort of older people as in the current study, 
identified muscle weakness of the hallux and lesser toes as fall 
risk factors [6].  Therefore, these findings suggest that foot 
and ankle muscle weakness in older people with foot pain may 
be contributing to an increased risk of falling.   



CONCLUSIONS 
Older people with disabling foot pain displayed altered foot 
characteristics, in particular reduced foot and ankle muscle 
strength.  It is possible that these alterations to foot function 
may contribute to an increased risk of falling.  Providing 
interventions to older people that treat foot pain and improve 
foot function may play a role in reducing fall risk and 
improving quality of life. 
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Table 1: Foot function variables for participants with and without foot pain. 

 
 No pain 

(n = 156) 
Pain 

(n = 154) 
p-value 

Hallux strength (% body weight) 14.6 (13.4 – 15.8) 12.6 (11.4 – 13.8) 0.02 
Lesser toe strength (% body weight) 10.5 (9.8 – 11.3) 9.6 (8.9 – 10.4) 0.09 
Ankle DF strength (kg)  10.7 (10.1 – 11.3) 9.5 (8.9 – 10.3) 0.004 
Ankle DF flexibility (°) 49.2 (48.0 – 50.4) 49.8 (48.6 – 50.0) 0.53 
Foot reaction time (ms) 301 (291 – 311) 312 (301 – 322) 0.16 
Walking speed (m.s-1)  1.03 (1.0 – 1.06) 0.98 (0.95 – 1.05) 0.01 
Stride length (m)  1.19 (1.16 – 1.21) 1.14 (1.12 – 1.17) 0.01 
Step length (cm)  59.5 (58.3 – 60.7) 57.1 (56.0 – 58.3) 0.01 
Base of support (cm)  10.1 (9.6 – 10.6) 10.3 (9.8 – 10.7) 0.59 
Stance time (% gait cycle)  61.7 (61.5 – 62.0) 61.8 (61.5 – 62.0) 0.90 
Swing time (% gait cycle)  38.3 (38.0 – 38.6) 38.3 (38.0 – 38.5) 0.90 
Double support time (% gait cycle) 23.5 (23.0 – 24.0) 23.9 (23.4 – 24.4) 0.32 
Single support time (% gait cycle)  38.3 (38.0 – 38.6) 38.0 (37.7 – 38.3) 0.12 

  Note: Values are means (95% confidence interval) adjusted for gender and BMI. 
  


