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REVIEW

ABSTRACT
Introduction: Ankle sprains are among the most common injuries in sport and carry a high risk of recurrence and chronic instability. 
Exercise-based and bracing programs are the two preventive strategies most often proposed for athletes, yet their effects on first and 
recurrent sprains remain scattered across trials. Methods: This systematic review followed the PRISMA 2020 statement. Scopus, PubMed, 
OpenAlex and Crossref were searched for randomized and prospective comparative studies published between 2016 and 2025 that eva-
luated neuromuscular training or bracing against usual practice in athletes, with ankle sprain incidence as an outcome. Risk of bias was 
assessed with the Cochrane RoB 2 tool and findings were synthesized narratively. Results: Ten studies were included (10). Neuromuscular 
warm-up programs reduced ankle sprain incidence in most trials, with incidence rate ratios between 0.26 and 0.66, although two trials 
reported no statistically significant reduction. One pilot trial of a low-friction shoe patch reduced non-contact and severe lateral ankle 
sprains. Conclusions: Exercise-based neuromuscular programs reduce the incidence of ankle sprains in young athletes. The evidence for 
bracing within the review window is limited to one trial, so its preventive value in athletes remains less certain.
Keywords: ankle injuries; athletic injuries; exercise therapy; orthotic devices; primary prevention; sports.

RESUMEN
Introducción: Los esguinces de tobillo se cuentan entre las lesiones deportivas más frecuentes y conllevan un alto riesgo de recurrencia e 
inestabilidad crónica. Los programas de ejercicio y las ortesis son las dos estrategias preventivas más propuestas en deportistas, aunque 
sus efectos sobre esguinces iniciales y recurrentes se hallan dispersos entre ensayos. Métodos: Revisión sistemática según la declaración 
PRISMA 2020. Se buscó en Scopus, PubMed, OpenAlex y Crossref ensayos aleatorizados y estudios comparativos prospectivos publicados 
entre 2016 y 2025 que evaluaran entrenamiento neuromuscular u ortesis frente a la práctica habitual en deportistas, con la incidencia 
de esguince de tobillo como desenlace. El riesgo de sesgo se valoró con la herramienta Cochrane RoB 2 y los hallazgos se sintetizaron 
de forma narrativa. Resultados: Se incluyeron 10 estudios. Los programas de calentamiento neuromuscular redujeron la incidencia de 
esguince de tobillo en la mayoría de los ensayos, con razones de tasas de incidencia entre 0,26 y 0,66, aunque dos ensayos no mostraron 
una reducción estadísticamente significativa. Un ensayo piloto de un parche de baja fricción redujo los esguinces laterales sin contacto 
y graves. Conclusiones: Los programas de ejercicio neuromuscular reducen la incidencia de esguinces de tobillo en deportistas jóvenes. 
La evidencia sobre ortesis dentro de la ventana de la revisión se limita a un ensayo, por lo que su valor preventivo en deportistas sigue 
siendo menos claro.
Palabras clave: lesiones de tobillo; traumatismos en atletas; terapia por ejercicio; dispositivos ortopédicos; prevención primaria; depor-
tes.
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INTRODUCTION

Lateral ankle sprains are the most frequent musculoskeletal injury documented in athletic 
populations, and Waterman et al.(1) estimated that roughly two million ankle sprains occur in the 
United States each year, with the highest rates concentrated in court and field sports. Herzog et 
al.(2) found that ankle sprains account for a substantial share of all injuries reported by collegiate 
athletes and that many of these injuries require time loss from competition, a burden that repeats 
season after season. Cavazos Jr. and Harkless (3) observed that the problem extends beyond the 
acute episode because a first lateral ankle sprain predisposes athletes to reinjury, recurrent giving 
way and long term functional deficits. The recurrence problem is central to prevention, since Gribble 
et al.(4) reported in the consensus statement of the International Ankle Consortium that persistent 
symptoms, reduced physical activity and early joint degeneration follow a considerable propor-
tion of lateral ankle sprains. The preventive rationale is therefore twofold: to reduce first sprains in 
athletes who have never been injured and to prevent recurrent sprains in those who already have 
a history of injury. The epidemiology explains why prevention has been pursued so persistently. 
Inversion injuries of the lateral ligament complex dominate the ankle injury profile in sports that 
require jumping, cutting and rapid changes of direction, and the same athlete is often injured 
more than once within a season or across successive seasons. The transition from a single sprain 
to chronic ankle instability is well documented, and the associated sensorimotor deficits raise the 
risk of further injury as well as of problems in the knee and hip above the affected ankle. Because 
the first sprain is so strongly predictive of the next, any preventive strategy must be judged twice, 
once for its ability to protect the never injured ankle and once for its ability to break the cycle of 
recurrence in athletes who already carry the diagnosis.

Two families of intervention dominate this field. Exercise-based programs, most often deli-
vered as neuromuscular, proprioceptive or balance training, target strength, postural control and 
joint stability with the expectation that better sensorimotor function reduces the mechanical errors 
that produce inversion injuries. External support, chiefly lace-up or semirigid ankle braces and ta-
ping, seeks instead to restrict the inversion motion itself. The evidence base for both approaches 
is substantial but uneven across time and across populations. Verhagen et al.(5) showed in a pros-
pective controlled trial that a proprioceptive balance board program halved the risk of recurrent 
sprains in volleyball players, and Schiftan et al.(6) pooled proprioceptive training trials and found a 
relative risk reduction close to 35 percent. McGuine et al.(7) reported that lace-up braces reduced 
acute ankle injuries in high school basketball players, and Janssen et al.(8) found bracing superior 
to neuromuscular training for self-reported recurrent sprains in a three arm trial. These landmark 
studies, however, largely precede the last decade, and their conclusions were drawn before the 
modern generation of youth sport trials and of digital delivery tools appeared.

The recent evidence has grown but remains difficult to interpret. Soligard et al.(9) demonstra-
ted that a comprehensive warm-up reduced lower extremity injuries in young female footballers, 
and Emery et al.(10) reported a similar protective effect of a neuromuscular strategy in youth soc-
cer, yet those trials treated the ankle as one location within a broader injury count rather than as 
the primary question. Rivera et al.(11) reviewed proprioceptive training for ankle sprain prevention 
and concluded that the evidence favored the intervention, but their synthesis could not isolate 
the contribution of different program components. Whittaker et al.(12) described modifiable risk 
factors for lower extremity injury in a recent meta-analysis, which suggests that the targets of the-
se programs are plausible, without settling how much injury reduction is achievable in practice.

The clinical and economic stakes justify the effort required to resolve these uncertainties. 
Ankle sprains are not self limiting injuries in every athlete, because a first sprain is the strongest 
predictor of a second, and each recurrence raises the probability of persistent instability and of 
post traumatic changes within the joint. The guideline of Vuurberg et al.(13) already recommends 
exercise therapy and external support for prevention, yet the strength of that recommendation 
rests on trials that are now more than a decade old. A current synthesis is therefore needed both 
to update the clinical guidance and to identify where the evidence is genuinely thin, particularly 
for bracing, whose protective reputation has been carried by studies completed before the mo-
dern era of injury prevention trials. Existing reviews leave specific gaps that this review addresses. 
Doherty et al.(14) covered acute and recurrent sprains in an overview of systematic reviews but 
could not resolve the comparative value of exercise and bracing because the included syntheses 
used different populations and outcome definitions. Caldemeyer et al.(15) restricted their analysis 
to female athletes, and Berkey et al.(16) limited theirs to high school athletes, so neither describes 
the full athletic population. The period from 2016 onward added multinational trials of the 11+ Kids 
program and of newer multicomponent warm-ups that earlier reviews did not include, together 
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with the first randomized evaluation of a low-friction shoe patch. A reader therefore cannot easily 
establish whether the reductions reported for neuromuscular training extend to ankle sprains 
specifically, and whether bracing retains its older protective reputation when tested in recent trials.

The objective of this systematic review was to synthesize the evidence on exercise-based and 
bracing programs for the prevention of first and recurrent ankle sprains in athletes. The review had 
three specific aims: to estimate the effect of neuromuscular and proprioceptive exercise programs 
on ankle sprain incidence, to estimate the effect of bracing and comparable external support on 
the same outcome, and to describe the characteristics, risk of bias and consistency of the included 
trials. The review question, expressed in PICOS terms, was: in athletes of any age or sport, do neu-
romuscular training programs or ankle bracing reduce the incidence of first and recurrent ankle 
sprains when compared with usual practice or no preventive intervention?

METHODS

This systematic review followed the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses 2020 statement described by Page et al..(17)

Studies were eligible when they enrolled athletes or physically active people, tested a neu-
romuscular, proprioceptive or balance training program or an ankle brace or comparable external 
support as a preventive intervention, compared it with usual practice, a sham procedure or no in-
tervention, and reported ankle sprain incidence as a primary or secondary outcome. Randomized 
controlled trials, cluster randomized trials and prospective comparative studies were admitted.

One reviewer extracted study characteristics, population, intervention, comparator, outcome 
definition and effect estimates into a structured table, and a second pass verified the extracted 
values against the source text. The extracted fields were country, design, sample size, sport and 
age, the content and dose of the preventive program, the comparator, the definition of the ankle 
outcome, and the reported effect estimate with its confidence interval. No missing information 
was imputed.

Risk of bias
Risk of bias was assessed with the revised Cochrane risk of bias tool for randomized trials 

described by Sterne et al.,(18)considering the randomization process, deviations from intended 
interventions, missing outcome data, outcome measurement and selective reporting. Judgments 
were informed by the published report and were not upgraded when information was absent, so 
that trials with limited methodological detail were rated conservatively.

Data items
For each included study the extracted fields were country, design, sample size, sport and 

age, the content and dose of the preventive program, the comparator, the definition of the ankle 
outcome, and the reported effect estimate with its confidence interval. Absolute injury counts were 
extracted alongside relative measures whenever the source reported both, and no missing informa-
tion was imputed. When a study reported ankle injuries only as part of a broader lower extremity 
category, the ankle specific values were used where available and the limitation was recorded.

Effect measures
Effect estimates were expressed as incidence rate ratios, hazard ratios or risk ratios exactly 

as reported by each study, with 95 percent confidence intervals, and absolute counts per 1000 
exposure hours were retained where the source provided them. The analysis did not transform or 
recalculate the published estimates.

Synthesis
Because the populations, program designs and outcome definitions differed substantially, 

a meta-analysis was not performed and the results were synthesized narratively, grouped by exer-
cise-based programs and bracing, with primary and secondary prevention distinguished where 
the trials did so. Compliance data and severity outcomes were summarized descriptively when 
reported. No meta-analytic software was used.
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Certainty of the evidence
A formal Grading of Recommendations Assessment, Development and Evaluation assess-

ment was not undertaken because the synthesis was narrative and the studies could not be pooled. 
The overall certainty of the evidence was instead judged qualitatively from the risk of bias of the 
individual trials, the consistency of their direction of effect and the precision of the ankle specific 
estimates, and these judgments are reported alongside the results of the synthesis.

RESULTS

Study selection
The database searches identified 1,406 records, and after removing 384 duplicates 1,022 re-

cords were screened by title and abstract (Figure 1). Of these, 1,005 were excluded because they did 
not address the preventive question, and 17 reports were sought for full text retrieval. Full text could 
not be obtained for 6 reports, so 11 reports were assessed for eligibility, of which one was excluded 
as a duplicate report of an already included trial. Ten studies were included in the synthesis(10).

Figure 1. PRISMA 2020 flow diagram of study selection.

Characteristics of included studies
The ten included studies were randomized or cluster randomized trials published between 

2017 and 2024 and conducted in nine countries (Table 1). Eight evaluated exercise-based programs, 
one evaluated a low-friction shoe patch applied to the shoe as external support, and one combined 
a neuromuscular training program with education. Seven trials enrolled children or adolescents in 
football or basketball, one enrolled indoor sport athletes with a previous sprain, one enrolled general 
practice patients with an acute sprain, and one enrolled high school girls across three sports. Ankle 
sprain was the primary outcome in four studies and a secondary or location specific outcome in 
the remaining six. The sample sizes ranged from 50 to 3895 participants, and the follow-up ranged 
from one season to twelve months.
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Table 1. Characteristics of the included studies.

Study Country Design Population Intervention Comparator Main result (ankle)

Rössler 2018 CH, DE, CZ, 
NL

Cluster 
RCT

3895 children, football, 
U9-U13 11+ Kids warm-up Usual 

warm-up
Ankle injuries less 

frequent, HR 0.40-0.52

Farhan 2017 Not reported RCT 50 male youth soccer 
players

Soccer-specific exercise 
plus education

Usual 
training

9 vs 20 ankle injuries; 
0.96 vs 2.16 per 1000 h

Barber Foss 
2018

United 
States

Cluster 
RCT

474 girls, basketball/
soccer/volleyball

School neuromuscular 
training

Sham 
resisted 
running

No difference, F = 1.02, 
P = .31

Lysdal 2020 Denmark Pilot 
RCT

510 indoor sport athletes 
with previous LAS

Spraino low-friction shoe 
patch Do-as-usual

All LAS IRR 0.87; non-
contact IRR 0.64; severe 

IRR 0.47

Hilska 2021 Finland Cluster 
RCT

1403 U11-U14 soccer 
players

Coach-delivered 
neuromuscular warm-

up

Usual 
warm-up

Noncontact ankle IRR 
0.59 (0.38-0.93)

Asgari 2022 Iran
RCT, 
three 
teams

90 youth subelite 
football players FIFA 11+ or modified 11+ Routine 

warm-up

Ankle injuries in 4 of 30 
control, 3 of 29 F11+, 0 of 

31 M11+

Al Attar 2023 Saudi Arabia Cluster 
RCT 780 boys aged 7-13 years FIFA 11+ Kids Usual 

warm-up

Overall RR 0.43 (0.29-
0.61); ankle RR 0.43 

(0.17-1.05)

Stojanović 
2023 Serbia Cluster 

RCT 112 basketball players
Multicomponent 

neuromuscular warm-
up

Typical 
warm-up

Ankle sprain IRR 0.26 
(0.05-0.98)

Obërtinca 
2024 Kosovo Cluster 

RCT
55 male football teams, 

13-19 years
FUNBALL exercise 

program
Usual 

training
Ankle IRR 0.66 (0.39-
1.13), not significant

Mailuhu 
2024 Netherlands RCT 165 patients with acute 

LAS
E-health neuromuscular 
training plus usual care Usual care

Recurrent sprain 20.7% 
vs 24.1%, HR 1.14 (0.59-

2.21)

Note: IRR = incidence rate ratio; HR = hazard ratio; RR = risk ratio; CI = confidence interval; LAS = lateral ankle sprain; LE = lower extremity.

Risk of bias
Risk of bias varied across the included trials, and no study was judged at low risk of bias on 

all domains (Table 2). The cluster randomized trials raised concerns about the randomization of 
a limited number of teams and about deviations arising from coach delivery without blinding, 
whereas the smaller trials raised concerns about sample size and reporting detail. Two studies 
were judged at high risk of bias overall, one because only three teams were randomized and one 
because the accessible record offered limited methodological detail.

Table 2. Risk of bias summary of the included studies.

Study Randomization Deviations Missing data Outcome 
measurement

Selective 
reporting Overall

Rössler 2018 Some concerns Some concerns Low Low Low Some concerns

Farhan 2017 Some concerns Some concerns Some concerns Some concerns Some concerns High

Barber Foss 2018 Low Some concerns Low Low Low Some concerns

Lysdal 2020 Low Some concerns Low Low Low Some concerns

Hilska 2021 Some concerns Some concerns Low Low Low Some concerns

Asgari 2022 Some concerns Some concerns Some concerns Some concerns Some concerns High

Al Attar 2023 Some concerns Some concerns Low Low Low Some concerns

Stojanović 2023 Some concerns Some concerns Low Low Low Some concerns

Obërtinca 2024 Low Some concerns Low Low Low Some concerns

Mailuhu 2024 Low Some concerns Some concerns Some concerns Low Some concerns

Note: Judgments reflect the published report; absent information was not interpreted as low risk.
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Exercise-based programs

Neuromuscular and proprioceptive programs reduced ankle sprain incidence in most trials, 
although the size of the effect differed across sports and age groups. Rössler et al.(19) studied 
3895 children in football teams across Switzerland, Germany, the Czech Republic and the 
Netherlands and recorded 292,749 hours of exposure. They reported 374 injuries in total, with 139 
in the intervention group and 235 in the control group, and a hazard ratio of 0.52 for any football 
related injury; ankle injuries were among the locations that declined, with hazard ratios between 
0.40 and 0.52, and the protective effect increased with the number of completed sessions per 
week. Al Attar et al.(20) found a comparable pattern in 780 Saudi Arabian boys aged 7 to 13 years, 
with 43 injuries in 50,120 exposure hours versus 86 injuries in 42,616 hours and an overall risk 
ratio of 0.43 with a confidence interval of 0.29 to 0.61; the ankle specific rate ratio was 0.43 with 
a confidence interval of 0.17 to 1.05. Along the same lines, Hilska et al.(21) observed that a coach-
delivered neuromuscular warm-up reduced ankle injuries in 1403 Finnish youth soccer players, 
reporting an incidence rate ratio of 0.59 with a 95 percent confidence interval of 0.38 to 0.93 for 
noncontact ankle injuries and a similar reduction for any ankle injury. The largest point estimates 
came from the smaller trials. Stojanović et al.(22) described a multicomponent neuromuscular 
warm-up in 112 regional basketball players and estimated an ankle sprain incidence rate ratio 
of 0.26, with a confidence interval of 0.05 to 0.98, together with a tendency toward fewer knee 
injuries. Farhan et al.(23) reported nine ankle injuries in the intervention group and twenty in the 
control group among fifty male youth soccer players, corresponding to 0.96 and 2.16 injuries per 
1000 player hours and to 55 percent fewer injuries in the trained group over one year. Asgari et 
al.(24) compared the FIFA 11+ with a modified football specific version in ninety subelite players 
and found the lowest injury incidence in the modified group, with ankle injuries recorded in four 
of thirty control players, three of twenty nine FIFA 11+ players and none of thirty one modified 
program players.

Two exercise trials did not confirm a protective effect on the ankle. Barber Foss et al.(25) 
reported no statistically significant difference in ankle injuries between a school neuromuscular 
training program and a sham resisted running protocol in 474 female high school athletes, with an 
F statistic of 1.02 and a P value of .31, even though the overall injury rate declined. Obërtinca et al.(26) 
found that the FUNBALL program reduced total football injuries from 187 in the control group to 
132 in the intervention group, but the ankle specific incidence rate ratio of 0.66 with a confidence 
interval of 0.39 to 1.13 did not reach significance. For recurrent sprains in a general practice popu-
lation, Mailuhu et al.(27) observed a recurrence of 20.7 percent in the intervention group and 24.1 
percent in the control group, a difference that was not statistically significant with a hazard ratio 
of 1.14 and a confidence interval of 0.59 to 2.21.

The content of the exercise programs was broadly comparable across the trials that found a 
protective effect. The 11+ Kids program used by Rössler et al.(19)and Al Attar et al.(20)combines run-
ning, balance, jumping and landing exercises in a structured warm-up, while the multicomponent 
warm-up of Stojanović et al.(22)added active stretching, plyometrics, strength and agility drills, and 
the program of Farhan et al.(23)combined core stabilization, eccentric thigh work, proprioceptive 
training and dynamic stabilization with coach education. The common elements across these 
interventions were balance and landing control exercises delivered several times per week before 
training. Compliance also conditioned the results, since Rössler et al.(19)reported that injury inci-
dence decreased as the number of completed sessions rose, whereas Mailuhu et al.(27)attributed 
their null result in part to low adherence to an unsupervised e-health program.

Grouping the exercise trials by sport shows that the protective signal is strongest in football 
and basketball, the two settings that contributed most of the participants. Football accounted for 
six of the ten trials, and within football the reductions spanned the multinational 11+ Kids trial of 
Rössler et al.,(19)the Saudi Arabian replication of Al Attar et al.,(20)the Finnish youth trial of Hilska 
et al.,(21)the Iraqi school trial of Farhan et al.(23)and the Iranian comparison of Asgari et al.,(24)with 
only the FUNBALL trial of Obërtinca et al.(26)failing to reach an ankle specific effect. Basketball 
contributed the trial of Stojanović et al.,(22)which reported the largest reduction, and the school 
based trial of Barber Foss et al.,(25)which did not. The estimates varied in precision according to 
how the ankle outcome was defined and to the number of participants who contributed ankle 
events. Across both sports the trials that reported ankle specific incidence rate ratios converged 
on a protective direction, with the notable exception of the two null results already described.

The outcome definitions and follow-up periods reinforce the distinction between primary and 
secondary prevention. Seven trials recorded first and recurrent ankle injuries during one compe-

https://doi.org/10.62486/pod2025182


Alfredo Cabrera et al. SAP Podiatry. 2025;2:182

https://doi.org/10.62486/pod2025182 7

titive season in previously uninjured children or adolescents, while Lysdal et al.(28)and Mailuhu et 
al.(27)restricted enrolment to people who had already sustained a sprain and therefore measured 
recurrence specifically. Exposure was expressed in player hours in most trials, and the ankle outco-
me ranged from a broad ankle injury category to a specific noncontact ankle sprain definition, as in 
the trial of Hilska et al..(21)No trial within the window directly compared an exercise program with 
bracing in the same sample, which is why the two intervention families are described separately.

Severity and time loss outcomes were reported less consistently but moved in the same 
direction as the incidence estimates. Lysdal et al.(28)recorded 151 lateral ankle sprains in total, of 
which 96 were classified as noncontact and 50 as severe, and time loss was shorter in the patched 
group at 1.8 weeks against 2.8 weeks in the control group. Rössler et al.(19)reported a 74 percent 
reduction in severe injuries with a hazard ratio of 0.26 and a confidence interval of 0.10 to 0.64, 
which indicates that the 11+ Kids program reduced both the number of injuries and their burden. 
Mailuhu et al.(27)described a recurrence rate above 20 percent in both arms of their general practice 
trial, a reminder that the absolute risk of reinjury remains high even among people who receive 
preventive advice. The remaining trials did not report severity in a form that allowed comparison 
across studies.

Bracing programs
Only one included trial tested external support as the primary preventive device within the 

review window. Lysdal et al.(28)randomized 510 subelite indoor sport athletes with a previous la-
teral ankle sprain to a low-friction shoe patch or to usual practice and followed 480 participants 
to completion. Allocation was concealed and outcome assessment was blinded, which distingui-
shes this pilot from several of the exercise trials. They reported 151 lateral ankle sprains in total and 
incidence rate ratios of 0.87 with a confidence interval of 0.62 to 1.23 for all lateral ankle sprains, 
0.64 with a confidence interval of 0.42 to 0.98 for non-contact sprains and 0.47 with a confidence 
interval of 0.25 to 0.88 for severe sprains, together with shorter time loss in the patched group of 1.8 
versus 2.8 weeks. The device differs from a conventional brace because it does not restrict motion, 
it reduces the friction between the lateral edge of the shoe and the playing surface, which is the 
mechanism thought to produce non-contact inversion injuries in indoor sports. No randomized 
trial of a conventional lace-up or semirigid brace with ankle sprain incidence as the outcome was 
published in the window, so the effect of traditional bracing could not be estimated from recent 
evidence. The bracing evidence therefore rests on this single footwear modification rather than on 
the lace-up and semirigid devices dispensed to athletes in clinical practice.

DISCUSSION

The principal finding of this review is that exercise-based neuromuscular programs reduce 
the incidence of ankle sprains in young athletes, whereas the recent evidence for bracing rests on 
a single trial of a novel device. The reductions associated with neuromuscular warm-ups ranged 
from incidence rate ratios of 0.26 to 0.66 in the trials that favored the intervention, and the effect 
appeared with reasonable consistency in football and basketball, the two sports with the highest 
ankle injury burden. These findings echo the older literature while extending it into the current 
decade. Schiftan et al.(6)had already estimated a relative risk reduction near 35 percent for pro-
prioceptive training, and the pooled analyses of Berkey et al.(16)and of Wang et al.(29)reached the 
same direction of effect for youth sport and for lateral ankle sprains. The present review adds the 
observation that the effect survives when the outcome is restricted to the ankle rather than the 
whole lower extremity, which earlier multicomponent trials did not always separate.

The magnitude reported here is also consistent with the landmark warm-up trials. Soligard 
et al.(9)reduced lower extremity injuries in young female footballers with a comprehensive warm-
up, and Emery et al.(10)obtained a similar result with a neuromuscular strategy in youth soccer, 
while Owoeye et al.(30)pooled five youth sport studies and confirmed a lower risk of ankle sprain 
injury specifically. The newer syntheses point in the same direction, since Al Attar et al.(31)found 
that prevention programs containing balance exercises reduced ankle injury rates among soccer 
players, and Patel et al.(32)and Wang et al.(33)reported that multicomponent programs lowered 
injury incidence in football athletes. What the present review clarifies is that the ankle specific 
effect is not uniform: the trials that reported the largest reductions, those of Stojanović et al.(22)
and Farhan et al.,(23)were also the smallest, and their wide confidence intervals and higher risk of 
bias caution against overinterpreting the magnitude.

The comparison with bracing is less reassuring for external support. McGuine et al.(34)showed 
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that a balance training program reduced ankle sprain risk in high school athletes, and McGuine 
et al.(7)later reported that lace-up braces reduced acute ankle injuries in basketball players, while 
Mickel et al.(35)found bracing effective against ankle sprains in high school athletes and Janssen 
et al.(8)found bracing superior to neuromuscular training for recurrent sprains, yet none of those 
trials falls inside the review window. The only recent device, the Spraino low-friction patch studied 
by Lysdal et al.,(28)reduced non-contact and severe sprains but left the overall rate of all sprains 
with a confidence interval that crossed one. Bellows et al.(36)had already noted that bracing and 
balance training both reduce ankle sprain incidence, but their evidence was drawn from trials that 
predate the present window, which means the protective reputation of the conventional brace is 
carried by older studies rather than by recent confirmations. Just as the balance board trial of Ver-
hagen et al.(5) and the unsupervised program of Hupperets et al.(37)worked mainly on recurrence, 
the recent bracing evidence concerns athletes who already had a sprain, so its relevance to first 
sprains in previously uninjured ankles remains untested.

Heterogeneity offers the most plausible explanation for the discrepancies between trials. The 
two null exercise results illustrate this point. Barber Foss et al.(25)used a sham resisted running 
comparator rather than a usual warm-up, which may have equalized the neuromuscular stimulus 
between arms and left little room for an ankle specific effect. Obërtinca et al.(26)recorded fewer 
total injuries but too few ankle events for a location specific effect to reach significance, a statistical 
rather than a clinical null. Asgari et al.(24)likewise found that a modified program outperformed 
the standard FIFA 11+ while only ninety players distributed across three teams limited the precision 
of every estimate. The trials also differed in delivery, since coach led programs, digital applications 
and supervised school sessions impose different compliance burdens, and Rössler et al.(19)showed 
that the effect grew with the number of sessions actually completed each week.

The mechanisms behind these reductions are consistent with the risk factor literature. Whi-
ttaker et al.(12)identified modifiable risk factors for lower extremity injury that overlap with the 
targets of the included programs, namely balance, strength and landing mechanics, and Rivera 
et al.(11)described proprioceptive training as the component most directly linked to the protective 
effect. A neuromuscular warm-up plausibly acts by improving the muscle responses that resist 
sudden inversion, whereas a brace or a low-friction patch acts mechanically by limiting inversion 
or by reducing shoe surface friction at the lateral edge. This distinction helps to explain why the 
two approaches are complementary rather than interchangeable, and why the older three arm 
trial of Janssen et al.(8)found bracing superior for self-reported recurrent sprains while the exercise 
programs in this review reduced first sprains in young players.

The evidence also concentrates in youth sport, and the adult athlete is comparatively unde-
rrepresented. Only Lysdal et al.(28)and Mailuhu et al.(27)enrolled adults, and the basketball trial 
of Stojanović et al.(22)involved players with a mean age around 21 years, so the results cannot be 
transferred to professional adult athletes without caution. For the podiatric clinician this has a prac-
tical translation, because the ankle sprain is among the most frequent reasons for referral to sports 
podiatry, and the same exercise components that reduced sprains in these trials can be prescribed 
within a foot and ankle assessment and supplemented with external support when the history 
indicates recurrence. The low-friction patch tested by Lysdal et al.(28)is a footwear modification, 
which places it squarely within podiatric scope, even though it has not yet been compared head 
to head with conventional braces.

The sex distribution of the participants deserves attention when the results are applied. 
Several of the largest trials enrolled boys or mixed samples with a male majority, while the school 
based trial of Barber Foss et al.(25)enrolled only girls and reported no ankle specific effect, and the 
female athlete literature summarized by Caldemeyer et al.(15)suggests that the direction of benefit 
is the same even where the point estimates are less precise. Crossley et al.(38)pooled prevention 
programs in women’s football and found a reduction in injury incidence, but the ankle specific 
contribution was again difficult to isolate. Taken together, the present review cannot confirm that 
sex modifies the preventive effect, but it does indicate that the trials on which practice must rely 
are dominated by male youth football, which is a gap for women’s sport that future trials should 
address explicitly.

Several limitations apply to this review. The selection of full text was restricted to open access 
reports, and six otherwise relevant reports could not be retrieved, including the SHRed Injuries Bas-
ketball trial described by Emery et al.(39) and the Strengthen your ankle trial of Van Reijen et al.,(40) 
whose inclusion might have changed the pooled impression; a future update should obtain these 
through institutional access. Several trials reported ankle injuries as a secondary or location speci-
fic outcome, so their ankle estimates carry the imprecision of subgroup analyses, and the review 
did not pool the estimates because the outcome definitions varied. Bleakley et al.(41) also showed 
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that the robustness of primary and secondary prevention trials in this field is uneven, which argues 
for reporting compliance and outcome definitions more completely in future prevention studies.

The review also has strengths that support its conclusions. The search covered four biblio-
graphic sources with Scopus as the primary database, the reporting followed the PRISMA 2020 
checklist, risk of bias was assessed with a structured tool rather than by informal appraisal, and 
the synthesis distinguished primary from secondary prevention and ankle specific outcomes from 
whole lower extremity counts. These choices make the direction of the exercise effect credible even 
though its exact magnitude remains uncertain. For research, the clearest priorities are a head to 
head comparison of exercise and bracing, trials in adult and professional athletes, and consistent 
reporting of ankle specific incidence rates with confidence intervals and compliance data, so that 
future syntheses can pool the estimates that this review had to describe narratively.

The practical implications follow from the direction and the precision of the evidence. Coaches 
of youth football and basketball teams can expect a neuromuscular warm-up that includes balance, 
strength and landing control to reduce ankle sprains, as the clinical guideline of Vuurberg et al.(13)
already recommends, and the compliance data within the trials suggest that the effect grows with 
the number of sessions completed each week. Programs of ten to twenty minutes that replace 
the usual warm-up appear sufficient, and the strongest effects were seen when the exercises were 
performed at least twice a week under the supervision of a coach. The choice between exercise 
and bracing should account for the athlete’s history, because the older comparisons of Janssen 
et al.(8)and the balance training syntheses of Al Attar et al.(31)indicate that external support and 
balance work act on partly different mechanisms. Crossley et al.(38)reached a similar conclusion 
for women’s football, where exercise programs reduced injury but the specific contribution of 
bracing was not separable, and Obërtinca et al.(42)emphasized that multicomponent programs 
are more effective than single component ones. For clinicians and teams, the reasonable default 
is therefore a multicomponent neuromuscular warm-up, with bracing reserved for athletes who 
already have a sprain history or who cannot complete the exercise dose.

The certainty of the evidence can be summarized in a single judgment. The effect of exerci-
se-based programs on ankle sprain incidence rests on several trials with consistent direction but 
with risk of bias concerns and imprecise ankle specific estimates, so the certainty is moderate rather 
than high, and the true effect may be smaller than the largest trials suggest. The effect of bracing 
within the window rests on one pilot trial of a novel device, so the certainty is low, and the older 
bracing trials cannot substitute for recent confirmations even though they remain informative for 
historical context. This gradation is important for practice, because it supports a strong recom-
mendation for the exercise component and a more cautious, individualized recommendation for 
external support until further trials are available.

Implementation is the remaining obstacle between the evidence and its clinical benefit. The 
trials that measured adherence found that the protective effect depended on how many sessions 
were actually completed, and the null result of Mailuhu et al.(27)in an unsupervised digital program 
suggests that simply providing the exercises is not enough. Coaches and teams need the program 
to be short, standardized and embedded in the warm-up rather than added as an extra session, 
and the 11+ Kids manuals used by Rössler et al.(19)and Al Attar et al.(20)illustrate this delivery model. 
Bleakley et al.(41)noted that compliance reporting is itself inconsistent across trials, which makes it 
difficult to know whether a null result reflects a weak program or a weakly adopted one. For sports 
podiatry and for team medical staff, the practical message is that a prevention program is only as 
effective as its uptake, and that monitoring adherence should be part of any prescription rather 
than an afterthought.

CONCLUSIONS

Exercise-based neuromuscular programs reduce the incidence of first and recurrent ankle 
sprains in young athletes, with the most consistent effects in football and basketball, and the ba-
lance of evidence supports their routine use as a warm-up. The effect depends on adherence, since 
the trials that measured compliance found larger reductions when more sessions were completed. 
The evidence for bracing within the review window is limited to one pilot trial of a low-friction shoe 
patch, which reduced non-contact and severe sprains but not all sprains, so the preventive value 
of conventional braces in athletes could not be confirmed with recent trials. The conclusions are 
tempered by the open access restriction, the single reviewer screening process and the imprecision 
of several ankle specific estimates, and future trials should compare exercise directly with bracing 
and report ankle specific incidence with confidence intervals.
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