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Abstract

Background Falls are a major public health concern globally. While falls are associated with osteoarthritis and per-
sistent pain at the hip and kneeg, falls have not been investigated in people with chronic ankle symptoms. This study
aimed to compare self-reported history of falls between adults with and without chronic ankle symptoms. Secondary
aims were to compare concern about falling and balance confidence between groups, and to identify factors associ-
ated with falling.

Methods A total of 226 participants (134 with chronic ankle pain and/or stiffness and 92 controls) participated in this
cross-sectional case—control study. Participants completed an online questionnaire about falls in the past 12 months,
injuries associated with falling, concern about falling, balance confidence, function, pain and multimorbidity.

Results Eighty-six (64%) participants with chronic ankle symptoms and 24 (26%) controls reported at least one

fall in the last 12 months (p <0.001). Participants with chronic ankle symptoms reported more falls, more injurious
falls, and more hospitalisations because of a fall than controls (p>0.002). There was a small effect for lower balance
confidence and higher concern about falling in symptomatic participants (standardised mean difference: 0.39-0.49;
p>0.017). Logistic regression analysis identified that falling was associated with the presence of ankle symptoms (3.08
(1.20,7.92); p=0.02) and concern about falling (odds ratio (95% confidence intervals): 1.13 (1.05, 1.23), p=0.002).

Conclusions Falls and falls-related injuries are a problem in individuals with chronic ankle symptoms. The high falls
occurrence and concern about falling in individuals with chronic ankle symptoms suggest the need for clinicians
to assess these factors in this population.
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Background

Falls are a significant health concern that can result in
serious injury, functional decline, loss of independence,
hospitalization and even death [1, 2]. Although falls
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problem [8]. Qualitative research on individuals with
ankle osteoarthritis has identified that this population
has concerns about falling and reports instability as a key
symptom of their condition [9]. This suggests that falls
may be a problem in this population.

Many factors, such as impaired balance [10] and ankle
muscle weakness [11], have been suggested to increase
falls risk. Individuals with ankle osteoarthritis and
chronic ankle symptoms have impaired balance [12, 13],
decreased muscle strength [14, 15], reduced ankle joint
motion [14, 15] and decreased mobility [15]. In light of
the relationship between these impairments and falls,
individuals with ankle osteoarthritis and chronic ankle
symptoms may be at an increased risk of falling. Further,
chronic ankle symptoms, including osteoarthritis, are
a consequence of ankle sprains and fractures, which are
associated with mechanoreceptor damage and compro-
mised proprioception [16], ankle instability and giving
way [15, 17]. These impairments may impair balance and
increase risk of falls.

In order to better understand whether falls are a prob-
lem in individuals with chronic ankle symptoms, the
primary aim of this study was to compare self-reported
history of falls between adults with and without chronic
ankle symptoms. Secondary aims were to compare con-
cern about falling and balance confidence between
groups, and to identify factors associated with falling.

Methods

A cross-sectional online questionnaire compared his-
tory of falls, concern about falling and balance confidence
between adults with and without chronic ankle symp-
toms. The study was approved by the institutional Human
Research Ethics Committee (Approval #: 2014001194)
and all participants provided informed consent. The
study is reported in accordance with the STROBE check-
list (Supplementary file 1) [18].

Participants

A convenience sample of individuals living in Australia
with and without chronic ankle symptoms were recruited
via community advertisements, national and state arthri-
tis organization websites, and social media between
March 2017 and April 2018. Individuals were informed
that the study would help understand problems experi-
enced by people with ankle pain, and that we were look-
ing for people with persistent ankle pain and people
without ankle pain (to act as comparators) to partici-
pate. Adults with chronic ankle symptoms (symptomatic
group) were eligible for inclusion if they experienced
ankle joint pain rated as>2 out of 10 on an 11-point
numerical rating scale (NRS) anchored with the ‘No
pain’ at 0 and “Worst pain imaginable’” at 10 [19], and/or
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stiffness or reduced movement of ankle in the morning
on most days for >3 months. Participants who had pain
in other body regions that was equal to or greater than
their ankle pain were excluded. The inclusion criteria for
participants with chronic ankle symptoms was based on
previous research that found 94% of individuals who have
ankle joint pain and/or stiffness for >3 months have radi-
ographic ankle osteoarthritis [15]. Participants without
chronic ankle symptoms were required to have no history
of ankle injury, and no ankle pain or stiffness in the past
3 months. Eligibility criteria was assessed via an eligibility
questionnaire. Eligible individuals who were interested
in participating in the study were provided a link to the
online questionnaire.

Questionnaire

Data was collected using an online platform (Survey-
Monkey®). Participants were asked about their history of
falling within the last year, concern about falling and bal-
ance confidence. They also provided information on their
age, sex, function, comorbid health conditions, ankle
pain severity, and pain in bodily locations. The question-
naire was developed by the research team and piloted for
functionality and readability prior to data collection. No
incentives were offered for study completion. Questions
were presented in a standardised order with embedded
logic to display follow-up questions as relevant to previ-
ous responses (e.g., if a participant answered ‘yes’ to suf-
fering an injury from a fall, they were asked subsequent
questions about injuries sustained).

Outcome measures

Falls in the last 12 months was determined by the ques-
tion: “In the last 12 months, have you had any falls?” A
fall was defined as ‘an event which results in a person
coming to rest inadvertently on the ground, floor or other
lower level’ [20]. Participants were categorised as fall-
ers (an individual who fell at least once over the last 12
months) or non-fallers. Participants indicated the num-
ber of falls they experienced in the past 12 months from
options ranging from ‘0’ to ‘5 or more’ Individuals who
selected ‘5 or more’ falls were attributed 5 falls for cal-
culation of the total number of falls. Fallers indicated if
they sustained an injury from falling, the type of injury
experienced (i.e., bruises, cuts/grazes, sprain/strain,
broken bones, dislocation), and if any fall resulted in
hospitalization.

The Falls Efficacy Scale-International (FES-I) was
used to measure concern about the possibility of falling
when performing 16 different physical and social activi-
ties [21]. Level of concern was measured on a Likert
scale ranging from 1 (‘not at all concerned’) to 4 (‘very
concerned’). The total (summed) score ranged from 16
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to 64, with a higher score indicating a greater concern
about falling (i.e., lower falls self-efficacy). Concern
about falling was categorised as: low (scores of 16—19),
moderate (scores of 20-27) and high (scores of 28—-64)
[22]. This instrument has excellent internal and test—
retest reliability [21].

The Activities-Specific Balance Confidence (ABC)
scale, which has established reliability, was used to
measure balance confidence during activities of daily
living [23]. Participants were asked to indicate their
level of confidence performing 16 activities without
losing balance or becoming unsteady. Confidence was
rated on a scale from 0% (‘not confident at all’) to 100%
(‘completely confident’) with answers provided in 10%
increments. An average score was calculated. Scores
ranged from 0 to 100%, with higher scores indicating
better balance confidence.

The 21-item Activities of Daily Living subscale of
the Foot and Ankle Ability Measure (FAAM-ADL) was
used to assess function [24]. Each item was scored on
a 5-point Likert scale ranging from ‘no difficulty’ (4) to
‘unable to do’ (0). The total score (sum of responses)
was converted to a percentage (0-100%), with a higher
percentage indicating a higher level of function. This
questionnaire has excellent test-retest reliability and
internal consistency [24].

Severity of ankle pain was measured using an
11-point NRS with 0 anchored with “no pain” and 10
anchored with “worst pain imaginable” Participants
were asked to indicate the worst ankle pain experienced
during the past 7 days. This measure has excellent
reliability [25]. Pain in 12 other bodily regions (neck,
shoulders, upper back, elbows, wrists/hands, low back,
right hip/thigh, left hip/thigh, right knee, left knee,
right foot and left foot—identified on a body chart) was
also recorded using an NRS [26]. The number of bod-
ily regions (including the ankle) with pain>2 out of
10 were summed as a measure of the number of bodily
pain sites (score ranging from 0 to 13).

A modified version of the Self-Administered Comor-
bidity Questionnaire was used to collect data on
multimorbidity [27]. Participants indicated if they
experienced and received treatment for the follow-
ing chronic health problems: heart disease, high blood
pressure, lung disease, diabetes, ulcer or stomach dis-
ease, kidney disease, liver disease, anaemia or other
blood disease, cancer, depression, back pain, auto-
immune disease, rheumatoid arthritis, gouty arthritis,
and osteoarthritis at joints other than ankle. There was
also option for participants to identify any ‘other” health
conditions not listed. Multimorbidity was defined as
the presence of two or more chronic health conditions
(yes/no) [28, 29].
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Data and statistical analysis

Questionnaire data was reviewed for completion and
participants who did not complete the questions on
falls history, concern about falling (FES-I) and balance
confidence (ABC scale) were excluded from analysis.
Statistical analyses were performed using IBM SPSS
Statistics for Windows (Version 25.0. Armonk, NY:
IBM Corp).

Chi-square tests were conducted to compare categor-
ical and binary variables (sex, falls status, number of
falls, falls-related injuries, falls-related hospitalisation,
concern about falling (FES-I categories) and multimor-
bidity) between participants with chronic ankle prob-
lems and controls. A univariate analysis of covariance
(ANCOVA) was used to compare differences in con-
cern about falling, balance confidence, and ADL func-
tion between participants with and without chronic
ankle symptoms. Age, sex, and severity of pain in body
areas other than the ankle were included as covariates.
Age was compared between groups using an independ-
ent t-test. As data for number of bodily pain sites and
severity of pain were not normally distributed, Wil-
coxon rank-sum tests were used to compare these out-
comes between groups.

Categorical and binary variables are presented as
frequency (percentage), and normally and non-nor-
mally distributed continuous variables are presented
as mean (standard deviation (SD)) and median (inter-
quartile range (IQR)), respectively. For comparison of
falls outcomes between groups, risk differences (95%
confidence intervals (CI)) were calculated for categori-
cal/binary variables and standardized mean differences
(SMD; 95% CI) were calculated for continuous vari-
ables. Effect sizes were interpreted as trivial: 0.0-0.2,
small: 0.2-0.6, medium: 0.6-1.2, large: 1.2-2.0, very
large: 2.0-4.0 and distinct: > 4.0 [30].

The relationship between falls status (dependent
variable) and independent variables (age, sex, concern
about falling, balance confidence, ADL function, ankle
pain severity, pain severity excluding the ankle, number
of pain sites, multimorbidity, depression (a binary out-
come from the Self-Administered Comorbidity Ques-
tionnaire), and group (entered into the model through a
dummy coded variable)) was investigated using logistic
regression. Variables significant at p <0.1 were included
in multivariate analysis. A backward elimination
regression model was conducted to investigate inde-
pendent variables associated with falls status (i.e., faller
vs non-faller). The model was tested for multicollinear-
ity. Variables were sequentially eliminated leaving only
those with p<0.1. Logistic regression data are reported
as odds ratios and 95% CI.



Al Mahrouqi et al. Journal of Foot and Ankle Research (2023) 16:49

Results

Participant demographic and health outcomes

A total of 277 individuals were assessed for eligibility
with 20 individuals excluded due to other areas of pain
more severe than that at the ankle (#=17), individuals
in the control group with ankle pain (#=2) and age<18
years (n=1), leaving 257 individuals who participated in
the questionnaire (93% of those who were eligible). Com-
plete data was available for 226 participants who com-
menced the questionnaire (88% completion rate). There
were 134 participants with chronic ankle symptoms and
92 controls (152 females and 74 males; mean (SD) age of
54.3 (12.9) years). The median (IQR) for ankle pain inten-
sity for the symptomatic group was 7 (5-9), with no ankle
pain in controls. Participants with and without chronic
ankle symptoms were similar in age and sex (all p>0.87),
but those with chronic ankle symptoms had poorer ADL
function, a higher number of musculoskeletal pain sites,
greater pain severity at sites other than the ankle, and
were more likely to have multimorbidity (all p<0.001;
Table 1).

Falls outcomes

A total of 220 falls were reported by study participants.
Nearly half (49%; n=110) of all participants reported at
least one fall in the last 12 months, with 27% of partici-
pants (n=60) reporting more than one fall. Among fall-
ers, 41% of participants sustained a fall-related injury.
The most reported injury type was bruises, cuts and
grazes (46%).

There were 186 falls reported among participants
with chronic ankle symptoms and 34 falls reported by
controls. There were significantly more fallers (indi-
viduals with one or more falls; p <0.001), more partici-
pants who reported multiple (>1) falls (p=0.005), and
more participants who sustained an injury from falling
(p=0.002) in the chronic ankle symptoms group than
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the control group (Table 2). All injury types, including
serious injuries (e.g., fractures/dislocations) and hos-
pitalisations, were more common in fallers with ankle
symptoms than fallers in the control group (Table 2).

Participants with chronic ankle symptoms were 32%
more likely to report high concern about falling, and
26% more likely to report moderate concern, than those
in the control group (Table 1). There were small effect
sizes for higher concern about falling (FES-I; SMD (95%
CI)=0.4 (0.1, 0.6; p=0.017) and lower balance confi-
dence lower balance confidence (ABC scale; SMD (95%
CI)=0.5 (0.8, 0.2); p=0.001) in participants with ankle
symptoms compared to controls (Table 2).

Outcomes associated with falls status

Univariate associations between falls status (depend-
ent variable; being a faller or non-faller) and independ-
ent variables balance confidence (ABC Scale), concern
about falling (FES-I), group (chronic ankle symptoms
or control), function (FAAM-ADL), ankle pain sever-
ity (NRS), number of pain sites, pain severity at sites
excluding the ankle (NRS), multimorbidity, depression,
age, and sex are reported in Table 3. As sex and age
were not significantly associated with falls status in uni-
variate analysis at p < 0.1, they were not included in the
multivariate regression model. All other variables were
included in the regression model with each variable
removed sequentially leaving only concern about fall-
ing and group associated with falls status (R*=0.235;
Table 4). Fallers had greater concern about falling and
were more likely to have chronic ankle symptoms than
non-fallers.

Discussion

The primary aim of this study was to compare self-
reported history of falls between individuals with and
without chronic ankle symptoms. Our data indicate

Table 1 Demographic outcomes for participants with chronic ankle symptoms (n=134) and controls (n=92)

Chronic ankle symptoms Controls p-value
Female, n (%) @ 91 (68%) 61 (66%) 0.80
Age, years b 54.2(12.3) 54.5(13.7) 0.87
FAAM-ADL, % © 67.1 (14.9) 91.5(15.4) <0.001
Number of musculoskeletal pain sites, /13 d 7(4,10) 1(0,3) <0.001
Pain severity at sites other than the ankle, /10 ¢ 6(3,8) 2(0,3) <0.001
Multimorbidity, n (%) ° 68 (51%) 20 (22%) <0.001

FAAM-ADL The Foot and Ankle Ability Measure-Activities of Daily Living subscale
FAAM data are based on 51 control and 69 symptomatic due to missing data
2 Data presented as number (%) and analysed with chi-squared tests

Data presented as mean (standard deviation) and analysed using ° t-tests and < ANCOVA (age, sex, and severity of pain in body in areas other than the ankle as

covariates)

d Data presented as median (inter-quartile range) and analysed using Wilcoxon rank-sum tests
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Table 2 Falls-related outcomes for participants with chronic ankle symptoms (n=134) and controls (n=92)

Chronic ankle symptoms Controls Effect size
Fallers, n (%) 86 (64%) 24 (26%) 38% [26, 50]
Fallers with multiple (> 1) falls, n (%) 53 (40%) 7 (8%) 0.3%1[0.2,04]
Injured fallers, n (%) ° 41 (31%) 3(3%) 35%1[18,52]
Bruises/cuts/grazes, n (%) b 47 (55%) 3(13%) 42% [25, 59]
Sprains/strains, n (%) © 16 (19%) 1(4%) 14% [3, 26]
Fractures/dislocations, n (%) ° 14 (16%) 0 (0%) 16% [7, 26]
Hospitalisations, n (%) b 13 (32%) 0 (0%) 32% 4,671 N
High concern about falling, n (%) 44 (33%) 1 (1%) 32% [24, 40]
Moderate concern about falling, n (%) 52 (39%) 12 (13%) 26% [15, 37]
Low concern about falling, n (%) 38 (28%) 79 (86%) -58% [-68, -47]
FES-I, 16-64° 24.3(7.9) 214(8.2) 291[0.5,5.2]
ABC, %° 784(19.9) 88.4(20.7) -10.0[-15.9,-4.1]

ABC The Activities-Specific Balance Confidence Scale, FES-I The Falls Efficacy Scale-International

Data are presented as number (%) and risk difference (RD) (95% Cl), and analysed using chi-squared tests unless otherwise stated

2 Data presented as mean (standard deviation) and mean differences (MD) and 95% confidence interval (Cl), and analysed using ANCOVA (age, sex, and severity of

pain in body in areas other than the ankle as covariates)

b Percentage is calculated from the number of fallers in each group (e.g., # hospitalized/# fallers)

Table 3 Univariate associations between independent variables
and falls status (faller vs non-faller)

Independent variables OR (95% Cl) p-value
Group 5.08(1.83,9.10) <0.001
FES-I 1.15(1.09,1.22) <0.001
Multimorbidity 2.32(1.35, 402) 0.003
ABC scale 0.96 (0.94,0.97) <0.001
Number of pain sites 123(1.14,1.32) <0.001
FAAM-ADL 0.96 (0.94,0.98) <0.001
Ankle pain severity 6(1.17,1.37) <0.001
Pain excluding ankle (1 20, 1.47) <0.001
Depression 99 (1.02,3.87) 0.04

Age 01(0.99, 1.03) 049

Sex 0.85(0.49, 1.49) 0.57

OR Odds ratios, C/ Confidence intervals, ABC Activities-Specific Balance
Confidence Scale, FES-/ Falls Efficacy Scale-International, FAAM-ADL The Foot and
Ankle Ability Measure-Activities of Daily Living Subscale

All data based on full sample n=226, except FAAM ADL n=120
Logistic regression analysis

Group (chronic ankle symptoms or control)

Table 4 Variables retained in the final multivariate logistic
regression model and their associations with falls status (faller vs
non-faller)

Variables OR (95% ClI) p-value
Group 3.08 (1.20,7.92) 0.02
FES-I 1.13(1.05,1.23) 0.002

OR Odds ratios, C/ Confidence intervals, FES-I Falls Efficacy Scale-International
Group (chronic ankle symptoms or control)

that falls, and becoming injured or hospitalised because
of a fall, are more prevalent in individuals with chronic
ankle symptoms than those without ankle symptoms.
With nearly half of fallers with chronic ankle symptoms
suffering an injury and nearly one third requiring hos-
pitalisation, our findings highlight the seriousness of
falling in this population. Secondary aims of this study
were to compare concern about falling and balance con-
fidence between individuals with and without chronic
ankle symptoms, and to identify factors associated with
falling. Individuals with chronic ankle symptoms had
a greater concern about falling (FES-I) and lower bal-
ance confidence than controls, which are characteristics
linked to an increased risk of falls in other populations
[31]. Among our participants, falls status (being a faller
or non-faller) was related to concern about falling and
whether an individual had chronic ankle symptoms
(compared to no ankle symptoms). These data suggest
the need to address falls and concern about falling in
individuals with chronic ankle symptoms.

Impairments in muscle strength, ankle range of
motion, balance and ambulatory function have been
identified in individuals with chronic ankle symptoms
[14, 15]. As these characteristics have been linked to
falls in other populations [10, 11], it is possible that they
may contribute to an increased risk of falling in individu-
als with chronic ankle symptoms. Our data suggest that
individuals with chronic ankle symptoms are more likely
to experience multimorbidity than individuals without
ankle concerns. Many health conditions reported by our
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participants with ankle symptoms, such as back pain [32]
and depression [33], are associated with an increased risk
of falls. Research has identified a relationship between the
number of falls risk factors an individual possesses and
increased risk of falling [34]. Thus, multiple risk factors
identified in individuals with chronic ankle symptoms
may contribute to the increased falls in this population.

A high proportion of individuals with chronic ankle
symptoms in our study (72%) had high to moderate
concerns about falling. This finding supports data from
qualitative work which identified concerns about falling
in people with ankle osteoarthritis [9]. Ankle instabil-
ity, a common complaint in people with chronic ankle
symptoms [35] and ankle osteoarthritis [15], and low bal-
ance confidence identified in our study, have been linked
to concerns about falling in previous work [9]. Future
research should investigate the effect of addressing these
factors and other falls risk factors on falls incidence and
concerns in people with chronic ankle symptoms.

As most research on falls has focused on older adults
it is difficult to compare our falls data (from individuals
with a mean age of 54 years) to that from other studies.
While almost half of our study participants were fallers,
only 26% of individuals in our control group fell in the last
12 months. Our control data is similar to that of a previ-
ous study which reported a 12-month falls rate of 20%
in individuals aged 20—87 years [36]. Other studies have
reported that 55% of older adults with chronic musculo-
skeletal pain experienced a fall in an 18-month period [4]
and 59% of individuals with rheumatoid arthritis experi-
enced a fall in a 12-month period [37]. This is similar to
our finding that 64% of participants with chronic ankle
symptoms experienced a fall in the previous year.

The population investigated in this study were indi-
viduals who had ankle joint pain during weight-bearing
activities and/or stiffness for at least three months. While
we did not take radiographs of this sample, we expect
that many individuals in this study would have ankle
osteoarthritis. This is based on similarities in the char-
acteristics of our sample to the National Institute for
Health and Care Excellence guidelines for the diagnosis
of osteoarthritis [38], and research showing that 94% of
people with chronic ankle joint pain and stiffness have
radiographic ankle osteoarthritis (Kellgren and Lawrence
grade of>2 (osteophytes with mild-severe joint space
narrowing) [15].

While this the first study to investigate falls in individu-
als with chronic ankle symptoms and highlights the seri-
ousness of falls in this population, there are limitations to
consider. First, the study was cross-sectional and relied
on recall to report falls, number of falls and falls-related
injuries experienced in the past 12 months. While we
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hypothesise that chronic ankle symptoms increase the
risk of falling, we cannot conclusively rule out that falling
did not lead to the chronic ankle symptoms. Prospective
cohort studies are needed to confirm our findings, ascer-
tain causality and increase understanding of the circum-
stance surrounding falls in individuals with chronic ankle
symptoms. Second, this study collected data via an online
questionnaire. Because of this, participation was limited
to internet users, and the FES-I and ABC scale question-
naires were administered online, rather than in their tra-
ditional paper format. Third, the questionnaire did not
enquire about medication use which may be higher in
individuals with chronic ankle pain and has been associ-
ated with falls [20]. Future research could consider the
relationship between medication use and falls in this
population.

Findings from this study suggest that healthcare pro-
fessionals should ask patients presenting with chronic
ankle symptoms and ankle osteoarthritis about their
falls history and any concerns they have about falling.
Clinicians may want to assess falls risk factors in these
patients to identify impairments that can be targeted in
management. Exercise management may be considered
to address risk factors such as impaired balance [10] and
ankle muscle weakness [11], that are common in people
with chronic ankle problems [12-15]. Implementation
of cognitive-behavioural therapies to reduce concern
about falling and improve self-efficacy has been shown
to be effective in reducing falls in other populations [39].
In light of high concerns about falling and the relation-
ship between concerns about falling and having a fall,
this may be beneficial for individuals with chronic ankle
symptoms. Research on the effect of falls prevention
interventions on falls incidence and concern about fall-
ing in individuals with chronic ankle symptoms and ankle
osteoathritis is warranted.

Conclusion

Falls and sustaining an injury from a fall are more preva-
lent in individuals with chronic ankle symptoms com-
pared to individuals with no ankle symptoms. Concern
about falling and ankle symptoms may be important to
consider when managing patients with chronic ankle
symptoms to decrease risk of falls in this population.

Abbreviations

NRS Numerical rating scale

ABC The Activities-Specific Balance Confidence Scale

FES-I The Falls Efficacy Scale-International

FAAM-ADL  The Foot and Ankle Ability Measure-Activities of Daily Living
subscale

RD Risk difference

MD Mean differences and Cl=confidence interval



Al Mahrouqi et al. Journal of Foot and Ankle Research (2023) 16:49

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513047-023-00649-5.

Additional file 1: Supplementary File 1. STROBE Statement — Checklist
of items that should be included in reportsof observational studies.

Acknowledgements
Not applicable.

Authors’ contributions

All authors contributed equally to the conception and design of this study.
MM conducted online questionnaire assembly, data extraction, and statistical
analysis under the supervision of BV and MDS. All authors contributed to data
interpretation. MM drafted the initial manuscript and MDS edited and pre-
pared the manuscript for publication. All authors contributed to the writing
and revision of the manuscript and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials

The datasets generated and/or analysed during the current study are available
in The University of Queensland eSpace and are available from the corre-
sponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval was granted from The University of Queensland’s Human
Research Ethics Committee (Approval #: 2014001194), and all participants
provided informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 22 April 2023 Accepted: 27 July 2023
Published online: 16 August 2023

References

1. Kiel DP. O'Sullivan P, Teno JM, Mor V. Health care utilization and functional
status in the aged following a fall. Med Care. 1991;29(3):221-8.

2. Sattin RW, Lambert Huber DA, DeVito CA, Rodriguez JG, Ros A, Bacchelli
S, et al. The incidence of fall injury events among the elderly in a defined
population. Am J Epidemiol. 1990;131(6):1028-37.

3. Tromp AM, Smit JH, Deeg DJ, Bouter LM, Lips P. Predictors for falls and
fractures in the Longitudinal Aging Study Amsterdam. J Bone Miner Res.
1998;13(12):1932-9.

4. Leveille SG, Jones RN, Kiely DK, Hausdorff JM, Shmerling RH, Guralnik JM,
et al. Chronic musculoskeletal pain and the occurrence of falls in an older
population. JAMA. 2009;302(20):2214-21.

5. Scheffer AC, Schuurmans MJ, van Dijk N, van der Hooft T, de Rooij SE. Fear
of falling: measurement strategy, prevalence, risk factors and conse-
quences among older persons. Age Ageing. 2008;37(1):19-24.

6. Arden NK, Crozier S, Smith H, Anderson F, Edwards C, Raphael H, et al.
Knee pain, knee osteoarthritis, and the risk of fracture. Arthritis Rheum.
2006;55(4):610-5.

7. Nahit ES, Silman AJ, Macfarlane GJ. The occurrence of falls
among patients with a new episode of hip pain. Ann Rheum Dis.
1998;57(3):166-8.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Page 7 of 8

Murray C, Marshall M, Rathod T, Bowen CJ, Menz HB, Roddy E. Population
prevalence and distribution of ankle pain and symptomatic radiographic
ankle osteoarthritis in community dwelling older adults: a systematic
review and cross-sectional study. PLoS ONE. 2018;13(4): e0193662.
Alanazi SA, Vicenzino B, Maclachlan LR, Smith MD. "It’s like a nail being
driven in the ankle": A qualitative study of individuals’lived experiences to
inform a core domain set for ankle osteoarthritis. Musculoskelet Sci Pract.
2023;66:102813.

Johansson J, Nordstrom A, Gustafson Y, Westling G, Nordstrom P.
Increased postural sway during quiet stance as a risk factor for pro-
spective falls in community-dwelling elderly individuals. Age Ageing.
2017,46(6):964-70.

. Cattagni T, Scaglioni G, Laroche D, Van Hoecke J, Gremeaux V, Martin A.

Ankle muscle strength discriminates fallers from non-fallers. Front Aging
Neurosci. 2014;6:336.

Hubbard TJ, Hicks-Little C, Cordova M. Mechanical and Sensorimo-

tor Implications With Ankle Osteoarthritis. Arch Phys Med Rehabil.
2009,90(7):1136-41.

Smith MD, Rhodes J, Al Mahrougi M, MacDonald DA, Vicenzino B. Balance
is impaired in symptomatic ankle osteoarthritis: a cross-sectional study.
Gait Posture. 2021;90:61-6.

Al-Mahrougi MM, MacDonald DA, Vicenzino B, Smith MD. Physical
impairments in adults with ankle osteoarthritis: a systematic review and
meta-analysis. J Orthop Sports Phys Ther. 2018;48(6):449-59.
Al-Mahrougi MM, Vicenzino B, MacDonald DA, Smith MD. Disability, physi-
cal impairments, and poor quality of life, rather than radiographic changes,
are related to symptoms in individuals with ankle osteoarthritis: a cross-
sectional laboratory study. J Orthop Sports Phys Ther. 2020;50(12):711-22.
Riemann BL, Lephart SM. The sensorimotor system, part I: the physiologic
basis of functional joint stability. J Athl Train. 2002;37(1):71-9.

Gribble PA, Delahunt E, Bleakley C, Caulfield B, Docherty CL, Fourchet

F, et al. Selection criteria for patients with chronic ankle instability in
controlled research: a position statement of the International Ankle
Consortium. J Orthop Sports Phys Ther. 2013;43(8):585-91.

von EIm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke
JP, et al. The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for reporting observational
studies. Lancet. 2007,370(9596):1453-7.

Rowbotham MC. What is a “clinically meaningful” reduction in pain? Pain.
2001;94(2):131-2.

World Health Organization. WHO global report on falls prevention in
older age. Geneva; 2007. Available from: https://www.who.int/publicatio
ns/i/item/9789241563536.

Yardley L, Beyer N, Hauer K, Kempen G, Piot-Ziegler C, Todd C. Develop-
ment and initial validation of the Falls Efficacy Scale-International (FES-).
Age Ageing. 2005;34(6):614-9.

Delbaere K, Close JC, Mikolaizak AS, Sachdev PS, Brodaty H, Lord SR. The
Falls Efficacy Scale International (FES-I). A comprehensive longitudinal
validation study. Age Ageing. 2010;39(2):210-6.

Powell LE, Myers AM. The Activities-specific Balance Confidence (ABC)
Scale. J Gerontol A Biol Sci Med Sci. 1995;50A(1):M28-34.

Martin RL, Irrgang JJ, Burdett RG, Conti SF, Van Swearingen JM. Evidence
of validity for the Foot and Ankle Ability Measure (FAAM). Foot Ankle Int.
2005;26(11):968-83.

Alghadir AH, Anwer S, Igbal A, Igbal ZA. Test-retest reliability, validity,

and minimum detectable change of visual analog, numerical rating, and
verbal rating scales for measurement of osteoarthritic knee pain. J Pain
Res. 2018;11:851-6.

Kuorinka I, Jonsson B, Kilbom A, Vinterberg H, Biering-Sorensen F,
Andersson G, et al. Standardised Nordic questionnaires for the analysis of
musculoskeletal symptoms. Appl Ergon. 1987;18(3):233-7.

Sangha O, Stucki G, Liang MH, Fossel AH, Katz JN. The Self-Administered
Comorbidity Questionnaire: a new method to assess comorbidity for
clinical and health services research. Arthritis Rhneum. 2003;49(2):156-63.
National Institute of Health and Care Excellence. Multimorbidity: clinical
assessment and management NICE guideline [NG56]. UK: 2016. Available
from: https://www.nice.org.uk/guidance/ng56/.

World Health Organization. Multimorbidity: Technical Series on Safer Pri-
mary Care. Licence: CC BY-NC-SA 3.0. Geneva: IGO; 2016. Available from:
https.//www.who.int/publications/i/item/9789241511650.


https://doi.org/10.1186/s13047-023-00649-5
https://doi.org/10.1186/s13047-023-00649-5
https://www.who.int/publications/i/item/9789241563536
https://www.who.int/publications/i/item/9789241563536
https://www.nice.org.uk/guidance/ng56/
https://www.who.int/publications/i/item/9789241511650

Al Mahrouqi et al. Journal of Foot and Ankle Research

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

(2023) 16:49

Hopkins WG. A scale of magnitudes for effect statistics. A new view of
statistics. 2006. Available from: http://www.sportsci.org/resource/stats/.
Young WR, Mark WA. How fear of falling can increase fall-risk in older
adults: applying psychological theory to practical observations. Gait
Posture. 2015;41(1):7-12.

Marshall LM, Litwack-Harrison S, Cawthon PM, Kado DM, Deyo RA,
Makris UE, et al. A prospective study of back pain and risk of falls among
older community-dwelling women. J Gerontol A Biol Sci Med Sci.
2016;71(9):1177-83.

Byers AL, Sheeran T, Mlodzianowski AE, Meyers BS, Nassisi P, Bruce ML.
Depression and risk for adverse falls in older home health care patients.
Res Gerontol Nurs. 2008;1(4):245-51.

Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly
persons living in the community. N Engl J Med. 1988;319(26):1701-7.

Al Mahrougi MM, MacDonald DA, Vicenzino B, Smith MD. Quality of life,
function and disability in individuals with chronic ankle symptoms: a
cross-sectional online survey. J Foot Ankle Res. 2020;13(1):67.

Mertz KJ, Lee DC, Sui X, Powell KE, Blair SN. Falls among adults: the
association of cardiorespiratory fitness and physical activity with walking-
related falls. Am J Prev Med. 2010;39(1):15-24.

Brenton-Rule A, Dalbeth N, Menz HB, Bassett S, Rome K. Foot and ankle
characteristics associated with falls in adults with established rheumatoid
arthritis: a cross-sectional study. BMC Musculoskelet Disord. 2016;17:22.
National Institute for Health and Care Excellence. Osteoarthritis in over
16s: diagnosis and management NICE guideline [NG226]. UK: 2022. Avail-
able from: https://www.nice.org.uk/guidance/ng226.

Zijlstra GA, van Haastregt JC, Ambergen T, van Rossum E, van Eijk JT,
Tennstedt SL, et al. Effects of a multicomponent cognitive behavioral
group intervention on fear of falling and activity avoidance in commu-
nity-dwelling older adults: results of a randomized controlled trial. J Am
Geriatr Soc. 2009;57(11):2020-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://www.sportsci.org/resource/stats/
https://www.nice.org.uk/guidance/ng226

	Falls and falls-related injuries in individuals with chronic ankle symptoms: a cross-sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Participants
	Questionnaire
	Outcome measures
	Data and statistical analysis

	Results
	Participant demographic and health outcomes
	Falls outcomes
	Outcomes associated with falls status

	Discussion
	Conclusion
	Anchor 19
	Acknowledgements
	References


