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ABSTRACT

Objective. Ankle-foot control is essential to maintain balance and gait stability. However, there has been limited evidence on
the effect of ankle-foot exercises on balance and falls in older people. This study aimed to summarize the effects of ankle-foot
exercises on ankle flexibility and strength, balance, mobility, and falls in older people and to identify determining factors for
ankle-foot exercises to improve balance and mobility.

Methods. Cumulative Index to Nursing and Allied Health Literature, Embase, PubMed, and Physiotherapy Evidence Database
(PEDro) were searched to identify randomized controlled trials that studied the effects of ankle-foot exercises on ankle control,
balance, and falls in older people. The PEDro scale was used to evaluate the methodological quality of the studies. Meta-
analyses were done for similar outcomes. The quality of evidence was rated by GRADE.

Results. Sixteen papers (n=651) were included. Meta-analyses showed that ankle-foot exercises significantly improved
ankle plantarflexion strength (SMD =0.35, 95% Cl=0.04 to 0.65, low-quality evidence), ankle flexibility (SMD =0.48, 95%
Cl=-0.01 to 0.96, low-quality evidence), and balance in an eyes-open condition (SMD =0.41, 95% Cl=0.19 to 0.70, low-
quality evidence). There was no significant change in ankle dorsiflexion strength (SMD =0.29, 95% Cl=—-0.24 to 0.82, very
low-quality evidence), balance under eyes-closed condition (SMD =0.41, 95% Cl=—0.1 to 0.92, very low-quality evidence),
and gait speed (SMD =0.36, 95% Cl=—0.24 to 0.96, very low-quality evidence). Two studies reported insignificant findings
on fear of falling, fall incidence, and risk of falls.

Conclusions. Very low- to low-quality evidence showed that ankle-foot exercises effectively improve ankle plantarflexion
strength, flexibility, and balance with eyes open, whereas no effect on falls was found. Improvements in balance and gait
tend to be associated with improvements in ankle strength and flexibility. Toe-strengthening exercise and training 3 times
per week appear to be important for improving balance.

Impact. This review suggested that ankle-foot exercises might improve balance in older people. Determining factors leading
to improvement in balance and mobility were identified. It paves the ground for further research to study the effect of ankle-
foot exercises on fall prevention.

Lay Summary. Ankle and foot exercises appear to be effective in improving ankle plantarflexion strength, flexibility, and
balance performance in an eye-open condition. If you are an older adult who wants to improve your balance, your physical
therapist may prescribe ankle and foot exercises as a supplemental component in a fall prevention program due to the
observed improvements in balance and the safety and ease of the exercise.
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INTRODUCTION

Falling is a common problem in older people. Approximately
1 in 3 community-dwelling older adults experience 1 or more
falls annually.! Falling can also lead to accidental injuries,
hospitalization, and hence a decline in functional status.?>?

Deficits in balance and gait are the major modifiable risk
factors of falls.* Systematic reviews have reported that the
odds of falling in older adults with gait deficits® (pooled
odds ratio=2.1, 95% CI=1.82 to 2.33, P < .05) or balance
deficits® (pooled odds ratio=3.0, 95% CI=2.05 to 4.93,
P < .05) are significantly higher than their robust counterparts
with good balance performance. These indicate that gait and
balance disorders, which can be regarded as activity limita-
tions,” should be modified to effectively prevent falls in older
people.

Balance and gait problems in older adults can be attributed
to various factors, such as normal age-related changes and
specific impairments of body structure or functions in the
neural and musculoskeletal systems.® Among these multiple
etiologies, an emerging number of studies have suggested that
impairments in the ankle and foot regions are major contrib-
utors to balance and gait dysfunctions in older adults.”~!!
An epidemiological study has revealed that up to 30% of
older adults are affected by ankle and foot problems, such as
decreased ankle or foot strength, range of motion (ROM), and
sensation.'? These problems could lead to poor ankle and foot
control, which refers to the ability of ankle and foot muscles
to react and co-contract promptly to generate timely postural
responses. Ankle and foot control is crucial for maintaining
balance and reducing the risk of falls in both quiet stances
and after postural disturbance.'? It is also vital for sustaining
a normal gait pattern.'*

Ankle and foot control involves other body functions such
as ankle muscle strength, flexibility, joint proprioception, and
muscle reaction time.!> Deficits in these body functions can
compromise reactive balance and functional ability,'®> which,
in turn, are linked to an increased risk of falls. For example,
a decrease in ankle strength and flexibility has been found to
be associated with reduced accuracy of muscle motor output
upon perturbation.'® They have also been discovered to alter
joint movement patterns and reflex-activated muscle activi-
ties.!”>18 Studies have found that ankle strength and flexibility
of older people declined by 30% and 34 %, respectively, when
compared with young, healthy populations.'?>20 Moreover,
epidemiological studies have corroborated that older fallers
have 31% less ankle strength and 10% less ankle flexibility
compared to their older non-faller counterparts.2! These point
to the possibility of reducing falls by improving balance (activ-
ity limitation), which could, in turn, be improved through
mitigating the age-related decline in ankle control, strength,
and flexibility (body functions).

Many attempts have been made to examine the effectiveness
of ankle and foot exercises in fall prevention and in improv-
ing balance and mobility.>>?>3 Ankle and foot exercises are
defined as exercises that aim to improve strength, flexibility,
and control of the ankle or foot regions. A randomized
controlled trial (RCT) has shown that a 3-month ankle-foot
tap dance program significantly reduced postural sway in
an eyes-open condition.2* Another RCT has shown that an
ankle-foot functional training program significantly improved
walking speed.”” After searching through the evidence, only 1
related systematic review was published in 2013.2° It included
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7 studies with heterogeneous study protocols, which led to
inconclusive results related to the effect of ankle and foot
exercises on ankle strength and gait performance.?’ Therefore,
the effect of ankle and foot exercises on fall-related outcomes
remains unclear. As several new RCTs have been published, it
is timely to conduct a systematic review of this field.

Therefore, this systematic review aimed to find out: (1) Do
ankle and foot exercises improve ankle and foot functions
including strength and flexibility (body function)? (2) Do
ankle and foot exercises improve balance and gait perfor-
mance (activity limitation)? (3) Do ankle and foot exercises
reduce the risk of falls and fall incidence? (4) Is the change in
balance and gait performance (activity limitation) associated
with changes in ankle strength and flexibility (body function)?
(5) What are the determining factors (ie, participant charac-
teristics, type of exercise, and training dosage) that influence
how ankle and foot exercises improve balance and mobility
in older people?

METHODS
Data Sources and Search

A systematic review was conducted to investigate the effective-
ness of ankle and foot exercises on ankle and foot functions,
balance, mobility, and falls of older people. The research
questions and the keywords were structured based on the 4
domains of the PICO (Population, Intervention, Comparisons,
and Outcomes) framework, in which the Population was older
people; the Intervention was the exercise training focused on
ankle and foot regions; the Comparisons was the blank or
sham control without special ankle and foot training; and
the Outcomes was ankle strength and flexibility, balance,
mobility, and falls. Electronic databases including Cumulative
Index to Nursing and Allied Health Literature (CINAHL),
Excerpta Medica Database (Embase), PubMed, and Physio-
therapy Evidence Database (PEDro) were used to identify
the papers from the inception to November 30, 2022. The
search terms in all databases were identical and were checked
by a librarian who specializes in searching. A sample search
strategy for CINAHL is provided in Supplementary Materials,
Appendix S1.

Study Selection

The titles and abstracts of papers retrieved from the search
were screened independently by 2 researchers (either 2 from
C.M.C,, NM.L.,, YN.M., M.H.N,, L.C.W., or S.G.S.L.) to
eliminate irrelevant papers. A pre-screening meeting was con-
ducted among all researchers, including the principal investi-
gator (EM.H.L.), to clarify the selection criteria. After screen-
ing the first 20 entries, all researchers convened to clarify
any uncertainties that had arisen before continuing with the
screening process. After the screening, all unresolved discrep-
ancies were settled by discussion with the principal investi-
gator (EM.H.L.) until a consensus was reached. The inter-
rater reliability of the initial titles and abstracts scanning was
“very satisfactory” with an agreement value (k) of 0.927.
The full texts of the remaining papers were further evaluated
to assess their eligibility. Papers were included if they (1)
recruited populations aged 60 or above; (2) investigated the
effects of physical exercise that aims to improve control
of the ankle or foot regions (ie, strength, flexibility, pro-
prioception, or reaction time); (3) were able to single out
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Table 1. Criteria Used to Downgrade and Upgrade Rating in the GRADE of Recommendation, Assessment, Development and Evaluation (GRADE) System?

GRADE Domain Downgrade and Upgrade Criteria
Risk of bias ¢ For outcomes where meta-analysis was possible, more than half of the participants included in the primary
analysis from trials with a PEDro score of <6: downgrade 1 level.
e For outcomes with more than half of the participants from trials with a PEDro score <4: downgrade 2 level.
Inconsistency e For outcomes where meta-analysis was possible, I> > 50% in the meta-analysis: downgrade 1 level.
Indirectness ¢ The participants, intervention, comparator intervention, outcome measure, or study design did not match
between the included studies and the eligibility criteria for this review: downgrade 1 level.
Imprecision e Participants included in the meta-analysis were less than 400, or the 95% Cls spanned zero and appreciable
harm (SMD < —0.2) or appreciable benefit (SMD > 0.2): downgrade 1 level.
e Participants included in the meta-analysis were less than 400, and the 95% ClIs spanned both appreciable harm
(SMD < —0.2) and appreciable benefit (SMD > 0.2): downgrade 2 level.
Publication bias e P <.1 on the 2-tailed Egger’s regression asymmetry test: downgrade 1 level.
Large effect e SMD > 0.8 in the meta-analysis: upgrade 1 level.
Plausible confounding ¢ Study design results in the presence of residual confounding that reduced the demonstrated effect: upgrade 1
level.
Dose-response gradient ¢ Response gradient was detected in meta-regression analysis: upgrade 1 level.

See the Methods section for further details. Abbreviations: I = heterogeneity index; PEDro = Physiotherapy Evidence Database; SMD = standardized mean

difference.

the ankle and foot exercises; (4) measured ankle functions,
balance, mobility, or falls; (5) were randomized controlled
trials; and (6) published in English. Papers were excluded if
they: (1) recruited participants with any neurological and/or
musculoskeletal deficits; (2) adopted exercises that do not
specifically target the ankle or foot regions (eg, Tai Chi, yoga,
Pilates exercise, or hydrotherapy exercises). The protocol
of this systematic review was pre-registered in PROSPERO
(CRD42022287298).

Data Extraction and Quality Assessment

Participant characteristics (sample size, age, sex reported as
male or female), intervention protocols (type of exercise,
intensity, frequency, program duration, etc), the target
outcomes and their means, and standard deviations (balance,
mobility, falls, strength, flexibility) were extracted and
checked by at least 2 authors (either 2 from C.M.C., N.M.L.,
Y.N.M., M.H.N.,L.C.W., or S.G.L.) for further data synthesis.
The methodological qualities of the studies were evaluated
by the PEDro scale.’®2” The scale ranges from 0 to 10.
It consists of 10 questions regarding the internal validity
and statistical information of the studies. The higher the
PEDro score, the better the methodological quality of the
study. The score of each paper was indicated on the PEDro
website (https://search.pedro.org.au/). If the PEDro score
of the paper was unavailable on the website, it was rated
by the research team members. The quality of evidence for
the outcomes with results of meta-analyses was rated by
Grading of Recommendations, Assessment, Development,
and Evaluations (GRADE).2%2° The quality of evidence
reflects the extent of confidence that the estimated pooled
effect size is correct and is rated into 4 levels (ie, very low, low,
moderate, and high).28:2? Very low—quality evidence indicates
that we have very little confidence in the effect estimates, while
high-quality evidence indicates that we are highly confident
that the estimates are close to the true effects.’ The details
of the downgrade and upgrade criteria for evidence level are
presented in Table 1.

Data Synthesis and Analysis

The outcomes of the included studies were separated into
3 levels: ankle and foot strength and flexibility (body func-
tion), balance and gait performance (activity limitation), and

falls (ie, fear of falling, risk of falls, and fall incidence).
Meta-analyses were conducted if similar outcomes were used
in 3 or more studies. The results of the meta-analyses were pre-
sented using forest plots (Review Manager 5.4.1, The Nordic
Cochrane Centre, The Cochrane Collaboration, Copenhagen,
Denmark). A P value of <.05 is considered statistically sig-
nificant. The random-effects model was chosen in all meta-
analyses due to the heterogeneity across the included stud-
ies on participants’ characteristics, exercise protocols, and
outcome measures. The standardized mean difference (SMD)
was used when the outcomes combined in a meta-analysis
were presented in different units. The SMD was calculated
by dividing the mean difference in the target outcomes (eg,
ankle plantarflexion strength) between the ankle and foot
training group and the control group by the pooled standard
deviation. The 95% CI of an SMD spanning zero indicates
that there is no statistically significant difference between the
2 groups.>! The heterogeneity of studies is presented as the
inconsistency index (I?), which describes the variation across
studies that is caused by heterogeneity instead of chance.
It is presented in percentage form and is computed by the
formula I2=100% x (Q — df)/Q, where Q is the Cochran
heterogeneity statistic and df is the degrees of freedom.>> An
I? of 25%, 50%, and 75% indicate low, moderate, and high
heterogeneity, respectively.3? Sensitivity analysis or study-level
investigation was conducted for meta-analysis with moderate
and high heterogeneity to investigate the potential reasons
causing the statistical and clinical heterogeneity. Narrative
analysis was done if a meta-analysis was not possible for an
outcome.

Role of the Funding Source

The funders played no role in the design, conduct, or reporting
of this study.

RESULTS

There were 2735 records yielded from the search. Six-
teen?2=24:33-4 papers (15 studies), published from 1999
to 2021, matched all eligibility criteria and were included
in this review (Figure 1). Two papers’®3” were generated
from the same research study with 1 of them3® being an
interim report. In addition, 1 study®* missed some necessary
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Records identified through database search: n = 2735

—— | Duplicates removed: n = 709

Records screened by title and abstract: n = 2026

4% Papers excluded after reading the titles and abstracts: n = 1828

A 4

Papers evaluated with full text: n = 198

A 4

Papers excluded after reading full text: n = 182

1. Participants were not healthy older adults: n =17

2. Interventions were not specific to ankle and foot: n = 85
3. The effect of intervention could not be isolated: n = 53
4.  The study was not an RCT: n= 14

5. No full text available: n =13

\ 4

n =16 (15 studies) *

Papers included in the review and qualitative analysis:

Paper for interim report from same research project: n =1

Missing data for quantitative analysis: n =1

\ 4

Papers included in the quantitative analysis:
n = 14 (14 studies)

Figure 1. Flowchart of Paper Search. Abbreviation: RCT = randomized controlled trial. *Two papers38-32 were generated from the same research study

with 138 as an interim report.

data for meta-analysis. Therefore, 1422-24:33:35-45 gsudies

were included in meta-analyses (Figure 1). Furthermore, 3-
arm RCTs*!*3 were separated into 2 comparisons in 4 meta-
analyses (ie, plantarflexion and dorsiflexion strength, balance
performance in eyes open and eyes closed). To avoid “double
counting” of control participants from these studies in the
meta-analyses, the participant numbers in the control group
were allocated in proportion to the participant numbers in
each intervention group.*®

Study Characteristics

The sample sizes varied from 16 to 117, and a total of
651 participants were included in this systematic review.
Other study characteristics including the mean age and source
of the participants, type of ankle and foot exercises, and
reported outcomes are summarized in Table 2. Detailed infor-
mation for each study is presented in Supplementary Materi-
als, Appendix S2.

Methodological Quality and Quality of Evidence

Six papers?2~24:37:4145 were rated as good quality, 8
papers33-36,39,40,43,44 were rated as fair quality, and 2
papers33:38 were rated as poor quality. The PEDro score of
each paper is outlined in Table 3.

A total of 6 meta-analyses were conducted based on tar-
geted outcomes with heterogeneity ranging from low to high
(Table 4, Figure 2), and the quality of evidence ranged from
very low to low. The main reasons leading to the low quality of
evidence were the low methodological quality of the included
studies, an I? value over 50%, and the insufficient total sample
size in the meta-analysis (Table 5).

Effects of Ankle and Foot Exercises on Targeted
Outcomes

Ankle Plantarflexion Strength

Seven studies’#37-39=42:44 evaluated ankle plantarflexion
strength, of which one** did not report the required
information for meta-analysis. Meta-analysis (6 studies, 7
comparisons, 7=311) revealed low-quality evidence that
ankle and foot exercises significantly increased plantarflexion
strength with low to moderate heterogeneity when compared
with the control group (SMD =0.35, 95% CI=0.04 to 0.65,
P=.03, I =40%, Table 4, Figure 2A).

Ankle Dorsiflexion Strength
Four studies?®>3°~#! assessed ankle dorsiflexion strength with
an isokinetic dynamometer. Meta-analysis (4 studies, 5 com-

parisons, n=138) provided very low—quality evidence that
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Table 2. Characteristic of the Included Studies (n= 15)*

Characteristic Studies, # (%) References

Total sample size

<50 10 (67%) 22-24, 33, 34, 36, 37, 39, 44, 45

>50, <100 4 (27%) 35, 40-42

>100 1(6%) 43
Mean age (y)

>60, <65 1(7%) 24

>65, <75 7 (47%) 23, 36, 37, 42-45

>75 7 (47%) 22, 33-35, 39-41
Sex

Only female 3(20%) 37,41, 45

Only male 1(7%) 36

Both 11 (74%) 22-24, 33-35, 39, 40, 42-44
Methodological quality (PEDro)

<4 “poor” 1(7%) 33

>4, <6 “fair” 8 (53%) 34-36, 39, 40, 42-44

>6, <8 “good” 6 (40%) 22-24, 37, 41, 45
Source of participants

Community older adults 8 (53%) 23, 24, 37, 39-43

Nursing homes 4 (27%) 22, 33-35

Not mentioned 3 (20%) 36, 44, 45
Types of physical exercise

Strength exercise 9 (60%) 33-36, 39, 41-43, 45

Stretching exercise 1(7%) 37

Multi-component exercise 5(33%) 22-24, 40, 44
Targeted outcomes”

Plantarflexion strength 7 34, 35, 39-42, 44

Dorsiflexion strength 4 39-41, 44

Functional strength (5STS) 2 23, 24

Ankle flexibility 4 23, 24, 37, 40

Balance with eyes opened 8 23, 24, 33-36, 42, 43

Balance with eyes closed 5 23, 24, 33, 43, 45

Gait speed S 22, 34, 35, 40, 44

Fall risk, incidence, fear of fall 2 34, 35

4Abbreviations: 5STS = five time sit to stand; PEDro = Physiotherapy Evidence Database. bPercentage was not provided as 1 study contained multiple targeted

outcomes.

ankle and foot exercises did not significantly increase ankle
dorsiflexion strength when compared with the control group
with moderate heterogeneity (SMD =0.29,95% CI = —0.24 to
0.82, P=.28, I> =60%, Table 4, Figure 2B).

Sensitivity analysis was conducted according to the type of
ankle and foot exercises. It was found that only Amiridis
et al’® adopted pure dorsiflexion strengthening exercise
and yielded a significant improvement compared with the
control group. All other studies’”~*' adopted a general
ankle and foot strengthening program containing multiple
muscle groups strengthening (eg, toes grasp or plantarflexion
muscles) and yielded insignificant results compared with the
control group. Upon excluding the study3® that specifically
performed dorsiflexion strengthening exercise, the meta-
analysis remained insignificant with markedly reduced
heterogeneity (SMD =0.03, 95% CI=-0.31 to 0.37, P=.85,
?=0%).

Functional Strength

Two studies?32% (n=84) used the 5 times sit-to-stand test
as the outcome measure for functional strength. Both studies
included a modified tap dance program on the ankle and foot
as the intervention and compared it with a health education
group. Only Zhao et al*> demonstrated a significant improve-
ment in the exercise group when compared with the control

group.

Ankle Flexibility

Four studies?3:24:3740 measured the changes in ankle flexi-
bility. Two?3-?* assessed the active ROM of the ankle dor-
siflexion and plantarflexion, while 23740 assessed the pas-
sive ROM of ankle dorsiflexion. Meta-analysis (4 studies,
n=159) illustrated with low-quality evidence that ankle and
foot exercises had a significant effect (P <.05) on improv-
ing ankle range of motion in the intervention group when
compared with the control group with moderate heterogene-
ity (SMD =0.48, 95% CI=—-0.01 to 0.96, P=.05, I> = 54%,
Table 4, Figure 2C). Despite an extensive review of the studies,
considering participants’ characteristics, training settings, and
measurement methods, the source of the moderate hetero-
geneity observed in the meta-analysis remained undetermined.

Balance Performance

Nine studies?3:24,33-36,42,43,45 ipyestigated the effect of ankle
and foot exercises on static standing balance with eyes open
or eyes closed on a firm surface, of which 8§23,24,33-36,42,45
studies measured with a double-leg stance, and 1 study*? mea-
sured with a single leg stance. One study>” assessed dynamic
balance using the functional reach test (FRT) as an outcome
measure with eyes open and reported an insignificant change
after training. None of the studies measured balance ability
with multi-item tools such as the Berg Balance Scale (BBS) or
the Mini-BESTest.
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Table 3. Physiotherapy Evidence Database (PEDro) Score of Included Papers?

Simoneau Simoneau Wang Webber Yanaoka Zhao

Schoen-
et al’8

Schoen-

Bohrer Gajdosik Hartmann Kobayashi Kobayashi Mickle
et al*

Amiridis Barbosa

et al’®

felder
et al®®

etal?*  etal* etal?? etal®®
(2021)

et al®?
(2007)

et al?3 et al*? etal*®  felder®*
(2016)

et al*?

et al’’

et al*’
(2020)

Criterion

(2020)  (2021)

(2010)

(20000 50y (2006)

(2016)

(2009)  (1999)

(2005)

(2019)

(2005)

No Yes Yes Yes Yes No Yes Yes Yes No No No Yes Yes Yes

No

Eligibility criteria

Random allocation

Concealed allocation

Baseline comparability

Participants who were blinded
Therapists who were blinded

0

Assessors who were blinded

Adequate follow-up

Intention-to-treat analysis

Between-group comparisons

Point estimates and variability

Total

9The PEDro score of Barbosa*® 2020, Simoneau’ 2007, and Wang?* 2021 were rated by the research team member.
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Balance with eyes open: Eight studies?3:#:33-36,42,43

assessed static standing balance with the participants’ eyes
open. Five studies?3->4:33:36:42 measured postural sway with
the total displacement or track length of the center of pressure
(COP). Three studies®*3°*3 recorded the total time for the
participants to perform the static balance tasks. Meta-analysis
(6 studies, 7 comparisons, 7z = 333) illustrated with low-quality
evidence that ankle and foot exercises with 3 to 4 sessions per
week had a significant effect in improving balance under an
eyes-open condition when compared with the control group
with low heterogeneity (SMD =0.44, 95% CI=0.19 to 0.70,
P < .01, I> =19%, Table 4, Figure 2D).

Furthermore, the most and second most effective studies
in the meta-analysis have adopted a toe-grasping and bean
bag transfer exercise, which consisted of mainly toe mus-
cle training.>3**> On the contrary, all studies with insignif-
icant improvement did not include a toe muscle training
component.?3:24,35

Balance with eyes closed: Five studies assessed
balance performance under an eyes-closed condition. Four
studies?24:33:45 measured the postural sway using the mean
displacement of COP or the total distance traveled by the
COP, while 1 study*? recorded the time to maintain single-
leg stance balance. Meta-analysis (5 studies, 6 comparisons,
n=251) showed with very low-quality evidence that ankle
and foot exercises did not significantly improve eyes-closed
balance ability when compared with the control group with
moderate to high heterogeneity (SMD = 0.41,95% CI=—0.10
t0 0.92, P=.11, I> = 71%, Table 4, Figure 2E).

A sensitivity analysis (4 studies, 5 comparisons, 7 =231) was
conducted to evaluate the effect of ankle and foot exercises
with at least 3 sessions of training per week.?3:24:33:43 The
improvement became significant with moderate heterogeneity
(SMD =0.56, 95% CI=0.05 to 1.07, P=.03, I*?=69%). In
addition, similar to the result of balance performance in the
eyes-open condition, the study that yielded the greatest effect
on eyes-closed balance adopted toe muscle training.33 This
study was also the only study recruiting participants from
residential care settings.??

23,24,33,43,45

Gait Speed

Five studies??-3%:33:40:44 measured the changes in normal gait
speed??>** and the time??-3*3 required to finish the 6 m
walk test. Two studies?2*** measured gait speed involving the
acceleration period, 1 study* measured steady-state walking
speed (without the acceleration and deceleration period), and
2 studies’*33 did not specify whether the acceleration and
deceleration periods were included in the walking speed mea-
surement. One study>* with an insignificant result on gait
speed was not included in the meta-analysis as the standard
deviation was not reported.

Meta-analysis (4 studies, 7=205) presented very low-
quality evidence that ankle and foot exercises did not
significantly increase gait speed when compared with the
control group with high heterogeneity (SMD =0.36, 95%
CI=—-0.24 to 0.96, P=.24, I* =76%, Table 4, Figure 2F).

Sensitivity analysis included only studies?>>** that measured
the speed with the acceleration period showed a significant
improvement (SMD =0.95, 95% CI=0.44 to 1.45, P <.001,
I? = 0). In addition, the studies??** that showed improvement
in gait speed have recruited participants with the ability
to walk without the aid of an assistive device, while the
study?® that showed no effect on gait speed recruited a high
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Table 4. Results of Meta-analyses of the Effects of Ankle-Foot Exercise on Targeted Outcomes”

Number of Studies

Sample (n)

Pooled Effect Size

Outcomes R b 2
(Comparison) Exp. Con. SMD (95% ClI) P

Strength:

Plantarflexion 6(7) 171 140 0.35 (0.04 to 0.65) .03 40%
Dorsiflexion 4(5) 91 70 0.29 (—0.24 to 0.82) 28 60%
Flexibility 4 80 79 0.48 (—0.01 to 0.96) .05 54%
Balance:

Eyes-open condition 6 (7) 194 139 0.44 (0.19 to 0.70) <.001 19%
Eyes-closed condition 5(6) 152 99 0.41 (—0.10 to 0.92) A1 71%
Gait speed 4 103 102 0.36 (—0.24 to 0.96) .24 76%

9 Abbreviations: Con. = control group; Exp. = experimental group; I = heterogeneity index; SMD = standardized mean difference. bThree-arm randomized

controlled trials38-40

proportion (82.5%) of older adults who needed an assistive
device to walk. Furthermore, the most effective study is also
the only study recruiting participants from residential care
settings.2?

Fear of Falling, Fall Incidence, and Risk of Falls

Two studies>*33 (n=97) assessed fear of falling. Both studies
asked the participants to rate their fear of falling by the
question “How concerned are you about falling?” with a
4-point system (ie, not at all concerned, somewhat concerned,
fairly concerned, and very concerned). They reported that
ankle and foot exercises have no significant effect on the
fear of falling when compared with the control group. One
study®* (n=16) performed an across-group comparison on
fall incidence (number of falls) recorded from pre-test to post-
test and from post-test to 3-month follow-up. It reported an
insignificant result of ankle and foot exercises on fall incidence
when compared with the control group. In addition, 1 study>’
(n=81) assessed the risk of falls using the Risk Assessment
for Falls Scale II. No significant effect in reducing the risk of
falls was found in the exercise group when compared with the
control group.

Associations Between the Improvements in
Balance and Mobility Performance and the
Improvements in Ankle Functions

For the studies that reported balance performance, 6
studies??-24:34-36,42 3150 measured ankle and foot functions
including strength and flexibility. In these 6 studies, 2 stud-
ies?3-3¢ that reported improvements in balance performance
also reported significant improvement in either dorsiflexor
strength or ankle flexibility (Suppl. Materials, Appendix S2).
Among the 4 studies>*3%3%:4> that reported no effect of
ankle and foot exercises on balance, 324:3%35 presented no
significant findings in ankle and foot functions including

strength and flexibility.

For gait speed, 4 studies measured both gait
speed and ankle functions. Three studies®*-3>-40 identified no
improvement in gait speed. All reported insignificant findings
in plantarflexion, dorsiflexion strength, or ankle flexibility
(Suppl. Materials, Appendix S2). In contrast, the only study**
that identified the improvement in gait speed showed a sig-
nificant effect of ankle and foot exercises on plantarflexion
strength when compared with the control group.

34,35,40,44

Adverse Effects

Six studies?3-24:35,39:41:43 explicitly reported whether there

were any adverse effects after the interventions. Four

were separated into 2 comparisons in the meta-analyses.

studies?>2*3%:3% reported no adverse effects during the

intervention period. One study*® reported that 1 participant
withdrew from the study 1 week after joining the program due
to the exacerbation of low back pain. Another study*! also
reported that 3 women dropped out due to the exacerbations
of pre-existing musculoskeletal conditions. None of these 2
studies mentioned whether the exacerbations were caused by
the exercises. Nevertheless, no serious adverse events were
reported in all studies.

DISCUSSION

Our systematic review consolidated the latest evidence of
the effects of ankle and foot exercises on ankle strength
and flexibility (body function), balance and mobility (activity
limitation), and falls in older adults.

Effect of Ankle and Foot Exercises on Ankle
Strength and Flexibility

Our results showed, with very low to low quality of evidence,
that the protocols used in the included studies could improve
ankle plantarflexion strength and ankle flexibility but not
ankle dorsiflexion strength.

A potential explanation for the lack of significant change in
ankle dorsiflexion strength is that most studies’*~*! adopted
a general ankle and foot strengthening program. The pro-
grams were not specifically targeted to improve dorsiflexion
strength. This led to an insufficient dosage for improving
dorsiflexion strength. Given that the only study focusing
on training the ankle dorsiflexors demonstrated significant
improvement, it suggests that with an adequate training regi-
men, it is possible to strengthen the ankle dorsiflexors.

This has demonstrated that ankle and foot exercises could
largely improve outcomes at the body function level. This pro-
vides a solid foundation to evaluate whether the improvement
in ankle functions can be translated to higher-level outcomes
like balance and mobility performance.

Effect of Ankle and Foot Exercises on Balance and
Gait Performance

The effects of ankle and foot exercises on activity-level out-
comes were more inconsistent. A significant improvement
was found in static balance in an eyes-open condition with
low heterogeneity, but not in static balance in an eyes-closed
condition. No significant effect was found in gait speed.

We observed that all studies included in the meta-analysis of
the eyes-open condition conducted at least 3 training sessions
per week. A sensitivity analysis of the eye-closed condition,
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Std. Mean Difference Std. Mean Difference

_Study or Sub Mean SD Total Mean SD_Total Weight IV, Rand 95% Cl 1V, 95% Cl
Bohrer 2019 0.24 0.18 16 0.09 0.18 18  12.5% 0.81[0.11, 1.52]
Hartmann 2009 35 839 28 5.7 10.21 28 17.7% -0.23 [-0.76, 0.29] - & -
Kobayashi Y 2016 16.85 27.19 32 6.63 23.23 24 17.4% 0.36 [-0.18, 0.89] ]
Schoenfelder 2004 52 19.28 42 -02 17.59 39 21.0% 0.29[-0.15, 0.73] T *
Simoneau 2007 222 144 12 0 2027 11 8.8% 1.23[0.32, 2.13] e
Webber_Elastic Theraband Resistance 2010 64 208 21 1.6 21.74 10 11.4% 0.22[-0.53, 0.98] D 7
Webber_Weight Training with machine 2010 6.8 16.89 20 1.6 21.74 10  11.3% 0.27 [-0.49, 1.03] =
Total (95% CI) 171 140 100.0% 0.35[0.04, 0.65] -
Heterogeneity: Tau? = 0.07; Chi? = 10.08, df = 6 (P = 0.12); I2 = 40% 2 1 3 1 2
Test for overall effect: Z = 2.21 (P = 0.03) Favours [control] Favours [experimental]
(A) Ankle plantarflexion strength
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Mean SD Total Mean SD Total Weight IV 95% Cl 1V, 95% Cl
Amiridis 2005 109 593 10 -1.07 677 11 147% 1.80[0.75, 2.85) - &
Hartmann 2009 -04 223 28 -05 3.38 28 25.7% 0.03 [-0.49, 0.56] i
Simoneau 2007 -0.9531722 10.4 12 -0.3 8.56095789 11 19.0% -0.07 [-0.88, 0.75] — .
Webber_Elastic Theraband Resistance 2010 15 5.14 21 1.1 4.97 10 20.3% 0.08 [-0.68, 0.83] N -
Webber_Weight Training with machine 2010 15 6.11 20 Tk 4.97 10 20.2% 0.07 [-0.69, 0.83] -
Total (95% Cl) 91 70 100.0% 0.29 [-0.24, 0.82] g
Heterogeneity: Tau? = 0.22; Chi? = 9.96, df = 4 (P = 0.04); I = 60% + t %3 1 2

Test for overall effect: Z = 1.07 (P = 0.28)

(B) Ankle dorsiflexion strength

Favours [control] Favours [experimental]

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gajdosik 2005 51 3.87 10 0.3 473 9 16.2% 1.07 [0.09, 2.05] *
Hartmann 2009 0.8 3.26 28 0.8 4.17 28 30.5% 0.00 [-0.52, 0.52] Ly
Wang 2021 10 6.79 22 7.8 9.44 22 27.7% 0.26 [-0.33, 0.86] =
Zhao 2021 8.9 8.64 20 23 53 20 25.5% 0.90 [0.25, 1.56] =
Total (95% Cl) 80 79 100.0% 0.48 [-0.01, 0.96] i
Heterogeneity: Tau? = 0.13; Chi? = 6.50, df = 3 (P = 0.09); 2 = 54% 2 1 : 1 2
Test for overall effect: Z = 1.92 (P = 0.05) Favours [control] Favours [experimental]
(C) Ankle flexibility
Experimental Control Std. Mean Difference Std. Mean Difference
_Study or Mean  SD Total Mean  SD Total Weight IV. 95% Cl [\ 95% Cl
Amiridis 2005 0.062 012 10 0018 005 11 7.8% 0.47 [-0.40, 1.34] I
Kobayashi 1999 424 647 15 323 521 15 92% 1.24[0.45, 2.03]
Mickle_Home Exercise of Little /No Resistance 2016 42 1744 42 51 1478 16 153% 0.55 [-0.03, 1.14] I
Mickle_Toe Training of Progressive Resistance 2016 51 15.78 43 51 1478 16 15.3% 0.65[0.06, 1.23] T
Schoenfelder 2004 13 395 42 08 339 39 236% 0.13[-0.30, 0.57] e
Wang 2021 20 41 22 -31 10396 22 150% 0.14 [-0.46, 0.73] 1
Zhao 2021 582 107.26 20 22 57.92 20 13.7% 0.41[-0.22, 1.04] 1T
Total (95% Cl) 194 139 100.0% 0.4 [0.19, 0.70] -
Heterogeneity: Tau? = 0.02; Chi? = 7.43, df = 6 (P = 0.28); 1= 19% 2 1 S 1( 2'

Test for overall effect: Z = 3.38 (P = 0.0007)

(D) Balance with eyes open

Experimental Control

Favours [control] Favours [experimental]

Std. Mean Difference Std. Mean Difference

Study or Mean SD Total Mean SD Total Weight IV, Random, 95% ClI 1V, 95% Cl

Barbosa 2020 -0.02 0.04 10 0 0.03 10 13.7% -0.54 [-1.44, 0.35] [

Kobayashi 1999 9.3 12.03 15 -5.84 757 15 14.8% 1.47[0.65, 2.28] - &
Mickle_Home Exercise of Little /No Resistance 2016 27 7.28 42 0.9 6.37 16 18.3% 0.25[-0.33, 0.83] ]

Mickle_Toe Training of Progressive Resistance 2016 3 729 43 09 637 16 18.3% 0.29[-0.28, 0.87] i

Wang 2021 -13 544 22 -9 7744 22 18.1% -0.06 [-0.65, 0.53] -

Zhao 2021 60.9 81.17 20 -29.9 85.31 20 16.9% 1.07 [0.40, 1.74] -

Total (95% Cl) 152 99 100.0% 0.41 [-0.10, 0.92] T

Heterogeneity: Tau? = 0.28; Chi? = 17.30, df = 5 (P = 0.004); I?=71% 2 1 g 1 2

Test for overall effect: Z = 1.59 (P = 0.11)

(E) Balance with eyes closed

Experimental Control
r I Mean D Total Mean D Total Weigh
Bohrer 2019 0.06 0.08 16 -0.03 0.14 18 22.9%
Hartmann 2009 0.08 0.19 28 0.1 0.15 28 26.5%
Schoenfelder 2004 -0.2 179 42 2.2 14.86 39 28.3%
Yanaoka 2020 0.23 0.24 17 -009 03 17 22.2%

Total (95% CI) 103 102 100.0%
Heterogeneity: Tau? = 0.28; Chi? = 12.68, df = 3 (P = 0.005); I> = 76%
Test for overall effect: Z = 1.17 (P = 0.24)

(F) Gait speed

Std. Mean Difference
IV. Random, 95% ClI

Favours [control] Favours [experimental]

Std. Mean Difference
1V, Random, 95% CI

0.76 [0.06, 1.46] . E—
-0.12 [-0.64, 0.41] S
-0.14 [-0.58, 0.29)] —
- .

1.15[0.42, 1.88]

0.36 [-0.24, 0.96] ——

-1 -0.5 0 0.5 1
Favours [control] Favours [experimental]

Figure 2. The Primary Meta-analyses of the Effect of Ankle and Foot Exercises Compared With the Control Group.

which kept only the studies with at least 3 training sessions per
week, also yielded a significant improvement in the ankle and
foot exercises group when compared with the control group.
Therefore, training frequency might be a potential factor for
the improvement of balance performance after ankle and foot
exercises. In addition, the sensitivity analysis for gait speed

revealed that studies’”>** reporting significant improvements

compared with the control group have incorporated mea-
surements of gait speed during the acceleration phase. Future
research should explore whether ankle and foot exercises are
more effective in improving gait speed during the acceleration
period.
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Table 5. Grade of Recommendation, Assessment, Development and Evaluation (GRADE) Quality of Evidence?
. Plausible Dose-
Outcome Risk of Bias Inconsistency Indirectness Imprecision PubllFatlon Large Residual Response GRA].)E
Bias Effect . . Quality
Confounding  Gradient

Plantarflexion strength —14 0 0 —1b 0 0 0 0 Low
Dorsiflexion strength -1 —1¢ 0 —2d 0 0 0 0 Very Low
Ankle flexibility 0 —1¢ 0 —1b 0 0 0 0 Low
Balance with eyes open -1 0 0 —1° 0 0 0 0 Low
Balance with eyes closed -1 —1¢ 0 —1° 0 0 0 0 Very Low
Gait speed —14 —1¢ 0 —2d 0 0 0 0 Very Low

“More than half of the participants included in the primary analysis from trials with a Physiotherapy Evidence Database (PEDro) score less than 6. bThe
number of participants included in the primary meta-analysis was less than 400 or the 95% CI spanned 0 and 0.2. “Heterogeneity I? larger than 50% in the

meta-analysis. dThe 95% CI spanned —0.2 and 0.2.

Effect of Ankle and Foot Exercises on Fall Incidence,
Risk of Falls, and Fear of Falling

With only 2 studies reporting fall-specific outcomes, cur-
rent evidence does not support the ability of ankle and foot
exercises to reduce fear of falling, fall incidence, and risk of
falls in the older population. Considering the small sample
sizes of these 2 studies, especially the study investigating the
fall incidence (7 = 16),*¢ further studies with large sample sizes
are required to study the effect of ankle and foot exercises on
fall-specific outcomes.

34,35

Improvements of Body Functions of Ankle and
Foot on Balance and Gait Performance

The improvements in ankle strength and flexibility appear
to be associated with the improvement in balance and gait
speed. Details were observed in 6 studies?3-24:34-36:42 that
measured balance and ankle functions and 4 studies®#>3-40-44
that measured gait speed and ankle strength.

All studies reported improvement in balance performance
also reported significant improvement in either dorsiflexor
strength or ankle flexibility. This echoed the findings demon-
strated by Bok et al,*” where it has been identified that ankle
muscle strength and ROM were significantly correlated with
postural stability and balance performance in standing and
gait in older people.*®

In addition, all results in gait speed correlated well with
the findings in ankle plantarflexion strength. A possible
explanation is that the improvement in ankle plantarflexion
strength could increase the efficiency in ambulation. It has
been reported that the majority of the total leg mechanical
output was contributed by the plantarflexors during the
propulsion phase. Therefore, the increase in plantarflexion
strength resulting from ankle and foot exercises could lead
to a greater propulsive force, which subsequently improved
the gait efficiency and gait speed.*’ It appears that an
improvement in ankle strength and flexibility after ankle and
foot exercise could be translated to improvements in balance
performance and gait speed.

Determining Factors that Influence the
Effectiveness of Ankle and Foot Exercises on
Balance and Mobility

Participant Characteristics

Among the studies included in the meta-analyses of balance
and gait speed, there was no observable trend indicating that
mean age or sex proportion affected the effect.

Nevertheless, older people who stay in the residential care
settings may gain more improvement in balance and gait after
foot and ankle exercises since the studies recruiting in the
residential care settings tended to show the largest effect sizes
in the meta-analyses, including Kobayashi et al33 for balance
in both eyes-open and eyes-closed conditions, and Yanaoka
et al*? for gait speed. Further research is required to clarify
this trend and its underlying reasons.

In addition, ankle and foot exercises appear to be more
effective in improving gait speed in older adults who can
walk without the aid of an assistive device. Considering that
ankle and foot exercises could potentially improve gait speed
indirectly through improving stability, those who carried an
assistive device for external support might be less sensitive to
show improvement in the assessment.>’

Types of Exercise

Regarding the exercise type, our systematic review revealed
that strengthening toe muscles significantly improved static
balance. Toe-strengthening training might be more effective
because it can activate intrinsic foot muscles efficiently. Intrin-
sic foot muscles, being a subtype of toe muscles, may have
a significant role in balance performance. While extrinsic
foot muscles originate in other parts of the lower limbs,
intrinsic foot muscles have origins and insertions within the
foot.’! While the contribution of extrinsic muscles on balance
control through ankle strategy is well established,”® the role
of intrinsic foot muscles on balance has been discussed much
more in recent years. It was proposed that weak intrinsic
foot muscles fail to provide a stable and well-aligned foot
arch, potentially leading to abnormal ankle movements.’!
Consequently, intrinsic foot muscles might provide a stable
foot arch with better ankle control, hence promoting balance
and probably reducing the risk of falls. Despite the limited
research, it has been proposed that intrinsic foot muscles
might have sensor receptors that could be modulated through
training to improve the somatosensory balance system.’?
More investigations about the effects of different types of
intrinsic muscle training are needed.

Training Frequencies, Intensities, and Durations

Sufficient training frequency might be needed to gain signifi-
cant improvement in balance performance. Our meta-analyses
and sensitivity analysis indicated that at least 3 sessions of
ankle and foot exercises per week might be required to
improve balance performance significantly. This aligns with
the guideline and empirical evidence for fall prevention in
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older people, which advocated for a regimen of balance train-
ing conducted 3 times a week.**>*3 This frequency of training
has been shown to be effective in mitigating the risk of falls in
this demographic.*®>’3 In addition, no other specific dosages
and program durations were found to be associated with
improvement due to the large heterogeneity in study design.

Clinical Recommendation

Despite the supportive evidence being of very low to low qual-
ity, ankle and foot exercises were found to be safe and easy
to administer. Therefore, we recommend therapists prescribe
ankle and foot exercises that involve toe muscle strengthening
and flexibility exercises for improving ankle and foot func-
tions and balance in older people, particularly for those living
in residential care settings or those with poor ankle and foot
control. In addition, training for at least 3 sessions per week
is recommended for improving static standing balance.

Limitations

There are several limitations in the reviewed studies. In terms
of the outcome measures, most studies?3-24:33:36:42,45 meq.
sured the total length of the COP trajectory during static bal-
ance tasks, which is less indicative of functional balance. Also,
only 1 study®” included the FRT as the outcome measure, and
therefore cannot be included in the meta-analysis. None of the
studies assessed both static and dynamic balance with multi-
item assessment tools, such as the BBS. Therefore, the meta-
analysis can only reflect the effects of ankle and foot exercises
on static standing balance.

Furthermore, only a few studies in our review measured
both ankle functions and activity level outcomes. Among
these studies, none explored the correlations between ankle
functions and activity level outcomes. A strong conclusion on
whether the improvements in balance or gait were caused
by the improvements in ankle control cannot be made.
Future studies are needed to explore the potential correlation
between the improvements in ankle strength and balance
following ankle and foot exercises.

In addition, the small number of participants included in the
meta-analyses might lead to insignificant results in our meta-
analyses. For example, balance with eyes open and balance
with eyes closed yielded similar pooled effect sizes in the
meta-analyses (SMD =0.44 vs 0.41). However, only balance
with eyes open showed a significant improvement compared
with the control potentially due to the larger sample size
involved (n=333 vs n=251). The same pattern was also found
in the meta-analyses of strength (ankle plantarflexion and
dorsiflexion).

For the systematic review, the components of ankle control
and their effects on risk of falls were not fully explored. Ankle
proprioception and reaction time were included in our search
strategy. However, no study currently investigated the effects
of specific ankle and foot exercises on ankle proprioception
and reaction time. This limited the focus of our review on
ankle strength and flexibility as the major outcomes repre-
senting ankle control. Additionally, only 1 study measured the
number of falls, which was a direct indicator of the risk of
falls. More RCTs investigating the effects of ankle and foot
exercises on the risk of falls and fall incidence are required.

Finally, the quality of evidence for each meta-analysis was
rated as very low to low by the GRADE tool due to the
imprecision & inconsistency observed in the meta-analysis
and the high risk of bias of the included studies. The findings

Physical Therapy, 2025, Vol. 105, No. 1

presented in this review may be changed as new high-quality
research papers with larger sample sizes are published.

CONCLUSION

This systematic review illustrated with very low to low-
quality evidence that ankle and foot exercises are effective in
improving ankle plantarflexion strength, ankle flexibility, and
standing balance with eyes open. Furthermore, preliminary
evidence showed that the improvements in balance and gait
are correlated with the improvements in ankle strength and
flexibility. Toe-strengthening exercise and a training frequency
of at least 3 sessions per week appear to be important for
improving static balance. However, ankle and foot exercises
showed no significant effect on fear of falling, risk of falls, and
fall incidence in older people as evidenced by 2 small studies.
More research on the effect of ankle and foot exercise on the
risk of falling and fall incidence is required.
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