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Meta-analysis of the dosage of balance et

training on ankle function and dynamic balance
ability in patients with chronic ankle instability

Fang Tang'", Meng Xiang?", Shanshan Yin®', Xiang Li' and Pincao Gao'*"

Abstract

Objective To explore and compare the dosage of balance training on ankle function and dynamic balance ability
in patients with chronic ankle instability (CAI).

Methods The PubMed, Embase, Web of Science, Medline, and Cochrane databases were searched up to Decem-
ber 2023. Quality assessment was carried out using the risk-of-bias guidelines of the Cochrane Collaboration,
and the standardized mean differences (SMD) or mean differences (MD) for each outcome were compute.

Results Among 20 eligible studies, including 682 participants were analyzed in this meta-analysis. The results

of the meta-analysis demonstrated that balance training was effective in enhancing ankle function with self-
functional scores (SMD =1.02; 95% Cl, 0.61 to 1.43; p <0.00001; I>=72%) and variables associated with the ability

of dynamic balance such as SEBT-A (MD=5.88; 95% Cl, 3.37 to 8.40; p < 0.00001; |*=84%), SEBT-PM (MD=5.47; 95%
Cl,3.40 to 7.54; p<0.00001; I’=61%), and SEBT-PL (MD = 6.04; 95% Cl, 3.30 to 8.79; p < 0.0001; I>=79%) of CAl patients.
Meta-regression indicated that the intervention time might be the principal cause of heterogeneity (p=0.046)

in self-functional scores. In subgroup analyses of self-functional score across intervention types, among the inter-
vention time, more than 20 min and less than 30 min had the most favorable effect (MD=1.21, 95% Cl: 0.96 to 1.46,

p <0.00001, I>=55%); among the intervention period, 4 weeks (MD =0.84, 95% Cl: 0.50 to 1.19, p < 0.00001, I> = 78%)
and 6 weeks (MD=1.21,95% Cl: 0.91 to 1.51, p<0.00001, 1>=71%) had significant effects; among the intervention
frequency, 3 times (MD=1.14, 95% Cl: 0.89 to 1.38), p < 0.00001, I>=57%) had significant effects. Secondly, in subgroup
analyses of SEBT across intervention types, a 4-week and 6-week intervention with balance training 3 times a week
for 20-30 min is the optimal combination of interventions to improve SEBT (dynamic balance) in patients with chronic
ankle instability.

Conclusion Balance training proves beneficial for ankle function in patients with CAl. Intervention time constitutes
a major factor influencing self-function in patients with CAl It is recommended that the optimal dosage of bal-
ance training for CAl involves intervention three times a week, lasting for 20 to 30 min over a period of 4 to 6 weeks
for superior rehabilitation.
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Introduction

Lateral ankle sprains (LASs) are the most common mus-
culoskeletal injuries in young and active individuals [1].
The incidence rates of LASs are between 75 and 85%
in all ankle injuries [2], meanwhile 40% of the general
population experience LASs during their lifetime [3, 4].
Despite initial treatment (taping/bracing) and physical
rehabilitation for LAS, 30%-40% of LAS patients develop
chronic ankle instability (CAI) [5]. CAI is character-
ized by repeated episodes or sensations of ankle loos-
ening; persistent symptoms such as pain, weakness, or
decreased ankle range of motion (ROM), diminished self-
reported function, recurrence of ankle sprains more than
1 year after initial injury [6]. These potential long-term
consequences highlight the need for suitable treatments
for these conditions.

In current treatment methods, traditional conserva-
tive interventions is the most common choice for CAI,
such as resistance training, joint mobilization, soft tis-
sue mobilization, passive calf stretching and orthotics
[7].Impaired balance ability is one of the main causes of
recurrent ankle sprains, postural stability training pro-
vides a great boost in the rehabilitation of patients with
CAI [8].

Rehabilitation researchers have recently paid increasing
attention to the efficacy of balance training as an alterna-
tive treatment for CAI patients, in particular, dynamic
and unstable balance training have been reported to be
an effective modality for improve the symptoms of ankle
instability and promote proprioceptive recovery in clini-
cal practice [9]. A review concluded that balance train-
ing effectively reduces the risk of ankle sprain in sports
participants [10]. Previous studies also showed that
their self-reported function and neuromuscular control
ability were improved both by dynamic balance train-
ing and single leg balance training for CAI [11, 12]. The
possible mechanism is that balance training on stable
ground may correspond with enhanced static postural
control, whereas instability balance training may improve
dynamic postural control [13, 14].

There also have been previous systematic reviews and
meta-analyses on the impact of balance training on CAI
[15-17], and the systematic reviews of Molla-Casanova,
et al. have explored the effects of balance training com-
bined with strength training on CAI and Jiang, Huang
et al. have elaborated of the effect of balance training
on dynamic posture in CAI while the studies of Wang,
Zhang et al. was a protocol for a systematic review and
meta-analysis. However, in the previous meta-analysis,
there was no uniformly recommended exercise prescrip-
tion (such as exercise frequency and duration of a single
exercise), which led to the existing exercise forging can
improve the efficiency of exercise, reduce the ineffective
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exercise, and strengthen the clarity and operability of
exercise guidance by refining the exercise dose. In pre-
vious studies, balance training methods with different
intervention period [e.g., 4 weeks of intervention [12,
18, 19], 6 weeks of intervention [20—22], and more than
6 weeks of intervention [23]] have used for patients with
chronic ankle instability as same as the different inter-
vention frequencies, and different intervention durations,
however, what is this optimal intervention dose? There-
fore, through meta-analysis, the purpose of this article is
to explore the efficacy of the optimal intervention dosage
of balance training on chronic ankle instability, and to
provide a reliable theoretical basis for the scientific devel-
opment of exercise prescription for CAI patients.

Materials and methods

The review follows the Cochrane Handbook for the Pre-
ferred Reporting Items for Systematic Reviews (PRISMA)
statement [24] and as it was registered( Identifier:
CRD42024502230) in the International Prospective Reg-
ister of Systematic Reviews (PROSPERO).

Study search and selection

The references on PubMed, Embase, Web of Science,
Medline, Cochrane Central Register of Controlled Tri-
als up to December 2023 without any date restrictions
were searched. Search terms were (training OR exercise
OR rehabilitation) AND balance AND (chronic ankle
instability OR mechanical ankle instability OR func-
tional ankle instability OR Joint Instability OR Joint
Instability OR Ankle Joint).The inclusion criteria of this
meta-analysis included: (a) the study was conducted on
patients diagnosed with CAI, (b) reporting quantitative
data related to ankle functional or balance ability such
as Foot and Ankle Ability Measure, Star Excursion Bal-
ance Test and Cumberland Ankle Instability Tool, (c)
interventions were only balance training, such as Pro-
gressive Jump Stable Balance (PHSB) training method
or the balance training based on the unstable surface
or Biomechanical Ankle Platform System (BAPS) plate
or swing boards, (d) the control group was non-bal-
ance training program, including conventional physi-
cal therapy, strength training and so on, and(e) using
randomized control trial design. The exclusion crite-
ria of this meta-analysis included: (a)studies excluded
patients with CAI plus other ankle disorders, (b) the
origin of the subject population is repeated, (c) litera-
ture other than English, (d) the trial was not conducted
with a comparison group, or data on baseline score or
end-point outcome were not provided sufficiently, (e)
Review articles, case reports, editorials, and confer-
ences were also excluded. Additionally, the diagnostic
criteria for CAI by International Ankle Consortium
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include the following [20]: (a) at leastl acute ankle-
inversion sprain that resulted in swelling, pain, and
dysfunction that occurred at least 12 months before the
study; (b)at least 2 episodes of the ankle “giving way”
within the past 6 months; (c)answered 4 or more ques-
tions with yes on the Ankle Instability Instrument; (d) a
disability score of <90% on the Foot and Ankle Ability
Measure (FAAM),and (e) a disability score <80% on the
FAAM-Sport(FAAM-S). Additionally, CAI participants
were required to score <75% in 3 or more categories on
the Foot and Ankle Outcome Score, score <24 on the
Cumberland Ankle Instability Tool, and have clinically
negative anterior drawer and talar tilt tests. The dupli-
cates article from the search was removed by the End-
Note X9 software, and then the titles and abstracts of
articles to establish eligibility for inclusion was read
independently by two reviewers. Studies that failed to
meet the inclusion criteria were not reviewed further.
Articles that could not be excluded was searched and
the full text was evaluated by two reviewers (FT and
SY). The authors were contacted via email when data
validation or more information was required. Disagree-
ments or ambiguities were resolved through a third
reviewer (PQ) discussion.

Data extraction and quality assessment

The following data were extracted from included stud-
ies: first author, year of publication, simple size, age,
sex, intervention method, intervention period/time/fre-
quency, outcome measurements, and adverse effect of
the study subjects. The quality of the included studies
was evaluated using the Cochrane Collaboration’s risk-of-
bias guidelines [25]. We will evaluate the risk of bias (low,
high and unclear risk) in seven areas, including: random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assess-
ments, incomplete outcome data, selective reporting, and
other biases. The final decisions will be made by a third
reviewer (PQG) if discrepancies appear.

Types of outcome measures

The primary outcome parameters were self-functional
score of ankle instability, which comprises Cumberland
Ankle Instability Tool (CAIT) and Foot and Ankle Abil-
ity Measure-Sport (FAAM-S). Furthermore, the second-
ary outcome parameter was Star Excursion Balance Test
(SEBT), which it mainly reflects the dynamic balance
ability of the ankle joint and it consists of a star-shaped
offset balancing test in 3 directions: anterior (SEBT-
A), posterior medial a(SEBT-PM) and posterior lateral
(SEBT-PL).
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Data synthesis and statistical analysis

All outcome parameters of this studies included in this
meta-analysis were continuous variables, and the mean
difference (MD) with 95% CI will be used for the continu-
ous variables, and standardized mean difference (SMD)
and 95%CI will be used for the continuous variables if
the units are different. Data processing was conducted
by the RevMan5.3 and Statal4.0 software for this meta-
analysis. Statal4.0 software was used to perform Z tests
to compare differences in the subgroup’s overall effect
sizes based on the intervention period/frequency/time.
Heterogeneity test was performed using the Q statistic,
and if p>0.05, and 1> <50%, indicating that the studies
are homogeneous, then a fixed-effect model was used for
analysis. Otherwise, a random-effect model was used for
analysis. Subgroup analysis and sensitivity analysis were
performed if there was large heterogeneity in the pooled
study results. A subgroup analysis according to interven-
tion period/frequency/time was performed. A sensitiv-
ity analysis was conducted to prove the reliability of our
meta-analysis results by removing each study to evaluate
the consistency and quality of the results [26].When there
were more than 10 studies with outcome indicators, fun-
nel plots, and Egger asymmetry tests were used to detect
publication bias. It was hard to find the cause of asymme-
try when there were fewer than ten studies [27]. Statisti-
cally significant differences were set at a=0.05.

Results

Search results

A total of 672 records were retrieved after initial data-
base search, and 446 records were included in the initial
screening after removing duplicates with EndNote. The
abstract and text for each study was reviewed by two
reviewers based on the inclusion and exclusion criteria.
358 studies were excluded due to review articles, case
report, unavailability of full text, and unrelated study
design, interventions, and outcome parameters (e.g.,
protocol studies). Eighty-eight records were included
in the full-text screening. After further screening, we
find another 68 studies that did not fit the criteria and
exclude them. Finally, 20 articles met the criteria and
were included in our study, and all studies were published
in English [11, 18-23, 28-38]. The flowchart is shown as
Fig. 1.

Participant characteristics

Twenty studies were included in this meta-analy-
sis including 682 patients with CAI (range of mean
age=15~41 years), and the mean age of CAI patients in
one study [31]was not reported. The sex of CAI’s patients
in the study [22, 37] were not reported. The Hoehn and
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(131), Medicine (34)<'
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Studies included in quantitative synthesis and

Fig. 1 The flow diagram of the selection process

Yahr scale ranged from 1 to 5. The adverse effect was not
reported in all studies. Specific details regarding partici-
pant characteristics are shown in Table 1.

Methodological quality assessment

The methodological quality of all included studies was
evaluated using the Cochrane Collaboration’s tech-
niques for assessing bias risk. In the domain of random
sequence generation, all of the included trials described
randomized allocation and were evaluated for low-risk.
10 studies [18-20, 22, 23, 29-31, 33, 39] were classified as
having an unclear risk in the field of allocation conceal-
ment while one study [34] were classified as having a high
risk. In the domain of blinding of participants and per-
sonnel, eight studies [11, 12, 18, 19, 22, 34, 35, 37]were
assessed as having an unclear risk, while four study [21,
23, 30, 39] had a low risk. In their outcome assessment,
four studies [19, 21, 22, 28] were deemed as an unclear
risk, and the rest were classified as low risk. All studies
were reported as low risk in the field of incomplete out-
come data. Regarding to selective outcome reporting
bias, 8 studies [18, 28, 30-32, 36, 38, 39] were deemed
to be at unclear risk, while three study [11, 29, 34]was
deemed to be at high risk. Fifteen studies [12, 18-23, 29—
32, 34, 37-39]were evaluated as having an unclear risk,

and two studies [33, 35]were assessed as having a high
risk of other bias. These results are summarized in Fig. 2.

Meta-analysis results
Meta-analysis results of balance training on self-functional
scores of patients with chronic ankle instability

Overall effect sizes of the intervention A total of 14 arti-
cle [11, 12, 18, 20, 23, 28-32, 34, 35, 38], were included
in the study of balance training on self-functional scores
of patients with chronic ankle instability, including 460
patients with CAL Test for overall effect using a random
effects model showed that balance training had promi-
nent significant effect on the self-functional scores of
patients with CAI (SMD=1.02, 95% CI: 0.61 to 1.43,
»<0.00001, I*=72%), as shown in Fig. 3.

Results of meta regression analysis and subgroup
tests When the heterogeneity I*>50%, so it is necessary
to explore the reasons for the heterogeneity and further
subgroup testing by Meta regression [40]. Three moder-
ating variables were set according to the literature: inter-
vention period, intervention frequency and intervention
time. Intervention period was categorized as 4 weeks,
6 weeks, and>6 weeks; intervention frequency was
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Fig. 2 Risk of bias summary
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Fig. 3 Meta-analyses of the effect of balance training on self-functional scores compared with the control group
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categorized as 2 times, 3 times, and >3 times; and inter-
vention time was categorized as>30 min,20 min<t<30
min, and t<20 min. The result of meta regression ana-
lytic showed that only the P value of intervention time
(p=0.046) was less than 0.05, and the P values of inter-
vention period (p=0.347) and intervention frequency
(p=0.305) were greater than 0.05, as shown in Table 2.
Thus, the intervention time indicator may be the main
reason for heterogeneity.

The result of subgroup analysis revealed that among
the intervention time, interventions of More than 20 min
and less than 30 min had the better effecttMD=1.21,
95% CI: 0.96 to 1.46, p<0.00001, I>*=55%), in addition,
the p-value for the more than 30 min subgroup, despite
its significance, was not supported by sufficient research
evidence as it included only 2 articles; among the inter-
vention period, 4 weeks (MD =0.84, 95% CI:0.50 to 1.19,
p<0.00001, I’=78%)and 6 weeks (MD=1.21, 95% CI:
0.91 tol.51, p<0.00001, I*=71%) had significant effects;
among the intervention frequency, 2 times (MD=1.34,
95% CI:0.74 to 1.93, p=0.01, ’=22%) and 3 times
(MD=1.14, 95% CIL.0.89 to 1.38), p<0.00001, I>=57%)
had significant effects, however, in the subgroup of 2
interventions times, there was also a lack of evidence for
the significance of the findings, as only 3 studies were

Table 2 Meta-regression analysis results of different covariates
on self-functional score of chronic ankle instability patients

Regulatory B standard error t P>|t| 95%ClI
variables Regression

coefficient
intervention 0.8471 0.3763 225 0046 0.1876
time
intervention 03184 03251 0.98 0.347 -0.3900
period
intervention -0.5649 0.5226 -1.08 0305 -1.7294

Frequency
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included in the literature. Therefore 3 times having the
best effect; and as shown in Table 3. In summary, inter-
ventions of 4 weeks and 6 weeks, interventions of 3 times
per week, and intervention time of 20 to 30 min could
be the effective ways to improve the functional health
of patients with chronic ankle instability, as shown in
Table 3.

Results of sensitivity analysis The heterogeneity of the
article I> was 76% (Fig. 3), so it is necessary to explore
whether one study will have a greater impact on the
whole study by eliminating the study one by one. Through
the sensitivity analysis, the exclusion of a study has little
effect on the overall heterogeneity, indicating that the
results of meta-analysis are stable and reliable, see Fig. 4.

Results of the literature publication bias test The funnel
plot and Egger’s method test were used to test the publi-
cation bias of the self-functional score in the study. The
results of the Egger’s method test shown that the P-value
of the self-functional score (p=0.261) is greater than
0.05, as shown in Table 4, and the left and right distribu-
tions of the funnel plot are more balanced, as shown in
Fig. 5, which indicates that there is no obvious publica-
tion bias in the literature included in the self-functional
score, the results of the included literature are stable.

Results of meta-analysis of balance training on dynamic
balance ability

Results of the overall effect size test of the SEBT SEBT
is an evaluation method to detect the dynamic stability
of the affected ankle joint, which consists of the evalua-
tion of the distance of maximal extension in three direc-
tions: anterolateral (SEBT-A), posterolateral (SEBT-PL)
and posteromedial (SEBT-PM). A total of 13 articles were
included in the study of balance training on SEBT with

Table 3 Result of subgroup analysis on different covariates on self-functional score of patients with CAl

Regulatory variables subgroup Number of SMD(95%Cl) P 12
effectors

intervention time t<20 min 3 035( .12,0.82) 0.15 85%
20 min<t<30 min 9 21(0.96,1.46) <0.00001 55%
>30 min 2 1 76(1 09,2.43) <0.00001 0%

intervention period 4 weeks 6 0. 84(0 50,1.19) <0.00001 78%
6 weeks 6 21(0.91,1.51) <0.00001 71%
> 6 weeks 2 1 33(0 92,1.93) <0.0001 53%

intervention Frequency 2 3 1.34(0.74,1.93) 0.01 22%
3 10 1.14(0.89,1.38) <0.00001 57%
>3 1 -1 39(72‘44, -0.33) 0.01 Not useful
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Meta-analysis estimates, given named study is omitted

| Lower CI Limit
Anguish 2018 |
Ardakani 2019 \
Cain 2020 I
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Hale 2014 | |
Hall2018 |
Kim 2021 | |
Lee 2019 |
McKeon 2008 || -
Minoonejad 2019 |
Schaefer2012
Wright 2017

O Estimate

| Upper CI Limit
] i |

0.55 0.63

1
1.05 1.46 1.53

Fig. 4 Sensitivity analysis results of exercise intervention on self-functional score

Table 4 Meta-analysis of Egger test result of self-functional score

Std_Eff Coef Std.Err t P 95%CI
slope 2367 1.083 219 0.049 0.008
bias -3.16 2676 -1.18 0.261 -8.989

CAI patients. The heterogeneity test (I>=84%, 61% and
79%, p <0.00001) showed a high degree of heterogeneity,

so a random effects model were used for testing of overall
effect. The overall effect found that the balance training
had significant improving effect on SEBT-A (MD=5.88;
95% CI, 3.37 to 8.40; p<0.00001; Fig. 6), SEBT-PM
(MD=5.47; 95% CI, 3.40 to 7.54; p<0.00001; Fig. 6),
SEBT-PL (MD=6.04; 95% CI, 3.30 to 8.79; p<0.0001;
Fig. 6) compared with the control group. The above data
suggest that balance training can improve the dynamic
balance ability of with CAI patients.

Funnel plot with pseudo 95% confidence limits

2
1

Standard error of effect size
4
1

Fig. 5 Funnel plot of exercise intervention on self-functional score
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Chang 2021 @ 913 494 21 8145 648 21 7A%  985[6.36,13.34) .
Chang 2021 @ 88.27 1083 21 8145 648 21 59% 6821421222 R
Cloak2010 802 72 19 755 71 19 64% 470([0.15,9.25) —
Cruz-Diaz 2015 8013 558 35 7973 133 35 T78% 0.40[F1.51,2.31] T
Hale 2014 4017 234 12 3641 453 9 72% 3.76[0.52, 7.00] -
Kim 2021 85668 3481 25 75246 2822 24 78% 10428651219 -
Linens 2016 92 1 17 81 717 55% 11.00[4.80,17.20] —
McKeon 2008 B7 8 18 67 8 15 58% 0.00 [-5.64, 5.64] I E—
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Linens 2016 97 10 17 85 9 17 60% 12.00[5.60,18.40] I —
McKeon 2008 a5 23 16 87 12 15 2.2% -2.00[-14.80,10.80] e
Schaefer2012 751 114 13 649 114 1" 38% 1020[1.16,19.24] e —
Shamseddini Sofla 2021 @ 97.9 18.21 12 96,04 1472 10 1.9% 1.86[11.90,1562]
Shamseddini Sofla 2021 @ 96.88 1396 12 96.04 1472 10 24% 0.84[11.23,1291] —
Sierra-Guzman 2018 @ 9658 771 17 9447 609 17  82% 211[-2.56,6.78] -
Sierra-Guzman 2018 @ 9496 991 17 9447 6.09 17 7.0% 0.49[-5.04,6.02] I
Total (95% CI) 267 257 100.0% 5.47 [3.40,7.54] L 4
Heterogeneity: Tau®= 7.94; Chi*= 38.19, df= 15 (P = 0.0008); I*=61% 20 10 P 5
Testfor overall effect. Z= 5.18 (P < 0.00001) Favours [experimental] Favours [control] <

c<
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Fig. 6 Meta-analyses of the effect of balance training on SEBT compared with the control group, a: SEBT-A; b: SEBT-PM; c: SEBT-PL
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Subgroup test results of SEBT Subgroup analyses
results of the effects of the SEBT on the three direc-
tions are shown in Table 5. In terms of interven-
tion time, interventions of less than 20 min had an
improvement in the SEBT-A(MD=3.91, 95% CI:1.48
to 6.33, p=0.002, [2=42%) and SEBT-PM (MD=4.42,
95% CIL:1.29 to 7.55, p=0.003, ?’=41%) but not in
the SEBT-PL, and interventions of 20-30 min had
an improvement and a large effect size in all SEBT
directions[SEBT-A(MD=6.71, 95% CL2.75 to 10.66,
p=0.0009, 12=91%);SEBT-PM(MD=5.18, 95% CI:2.27
to 818, p=0.0007, I°=69%);SEBT-PL(MD =8.68,
95%Cl:4.32 to 13.04, p<0.0001,1>=86%)]; In terms of
the intervention period, the 4-week and 6-week inter-
vention showed significant improvements in all SEBT
directions [4-week:SEBT-A(MD=4.90, 95% CI:3.10
to 6.70, p<0.00001,12=64%); SEBT-PM(MD =3.82,
95%CI:0.93 to 6.70, P=0.009,1°=25%); SEBT-
PL(MD=4.40, 95% CI.0.72 to 8.08, p=0.02,12=39%)];
[6-week:SEBT-A(MD=5.65, 95% CI:4.57 to 6.72,
p<0.0001, 12=91%); SEBT-PM(MD=5.61, 95% CI:2.54
to 8.67, p=0.0003,1>=75%);SEBT-PL(MD =7.04, 95%
CL:2.84 to 11.24, p=0.001,>=90%)]and large effects in
the SEBT-PM and SEBT-PL. Regarding the frequency
of interventions, there were significant improvement
on all SEBT directions by the 2 and 3 interventions per
week[2-times:SEBT-A(MD =6.53, 95% CIL:1.73 to 11.33,
p=0.008,12=71%);SEBT-PM(MD=5.28 95% CL:2.68
to 7.87, p<0.0001,1*>=64%);SEBT-PL(MD=5.04, 95%
CL1.28 to 880, p=0.009, I>=0%)];[3-times:SEBT-
AMD=5.73, 95% CL2.76 to 8.70, p=0.0002,
>=86%);SEBT-PM(MD=3.82, 95% CIL0.93 to 6.70,
p=0.009, I>=25%); SEBT-PL(MD =6.96, 95% CI:3.53 to
10.38, p<0.0001,1>=83%)]. In conclusion, a 4-week and
6-week intervention with balance training two and three
times a week for 20-30 min are the better combination
of interventions to improve SEBT (dynamic balance) in
patients with chronic ankle instability.

Table 5 Result of subgroup analysis on SEBT of patients with CAl
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Results of sensitivity analysis of SEBT  Since the hetero-
geneity of the combined effect sizes of SEBT-A, SEBT-
PM, and SEBT-PL were all greater than 50%,so sensitivity
analyses were performed, see Fig. 7, the results showed
that the exclusion of one study had little effect on the
overall heterogeneity of the above indicators, which indi-
cating that the results of the meta-analysis were stable
and reliable.

Results of the literature publication bias test Funnel
plots and Egger asymmetry tests were performed for test-
ing the publication bias on SEBT parameters (SEBT-A,
SEBT-PM, SEBT-PL). The results of the Egger’s method
test indicated that SEBT-PM (p=0.104) and SEBT-
PL(»p=0.108) were greater than 0.05 while the P-value
of SEBT-A(p=0.032) less than 0.05, as shown in Table 6,
and the left and right distributions of the funnel plot of
SEBT-PM and SEBT-PL parameters are more balanced,
as shown in Fig. 8. The above results indicate that SEBT-
A has some publication bias whereas SEBT-PM and
SEBT-PL didn’t, and therefore the results for SEBT-PM
and SEBT-PL from the included literature are stable.

Discussion

The main purpose of this study was to analyze the effec-
tiveness of different intervention dosages of balanced
exercise on chronic ankle instability. In this meta-analy-
sis, we reviewed 20 articles, including 682 patients with
CAL Our results found that balance training improved
ankle function by self-functional score.

Chronic ankle instability is predominantly classified
into two types: functional and mechanical. Mechanical
factors primarily encompass joint capsule laxity, bursitis,
cartilage damage, and joint degeneration, among others.
Functional factors consist of weakened muscle strength,
proprioceptive impairment, inadequate postural control,
and a reduced ability to adjust subsequent to instability.

Regulatory variables subgroup Number of SEBT-A MD(95%(Cl) SEBT-PM MD(95%Cl) SEBT-PL MD(95%Cl)
effectors

intervention time t<20 min 7 3.91(1.48,6.33)* 6.14(2.12,10.17)* 3.29(-0.68,7.27)
20 min<t<30 min 8 6.71(2.75,10.66)* 5.18(2.17,8.18)* 8.68(4.32,13.04)*
>30min 1 12.80(6.74,18.86) 10.20(1.16,19.24) 7.20(-2.03,16.43)

intervention period 4 weeks 8 490(3.10,6.70)* 3.82(0.93,6.70)* 4.40(0.72,8.08)*
6 weeks 7 5.65(4.57,6.72)* 561(2.548.67)* 7.20(-2.03,16.43)*
>6 weeks 1 12.80(6.74,18.86) 10.20(1.16,19.24) 10.20(1.16,19.24)

intervention Frequency 2 3 6.53(1.73,11.33)* 5.59(041,10.77)* 5.04(1.28,8.80)*
3 12 5.73(2.76,8.70)* 5.28(2.68,7.87)* 6.96(3.53,10.38)*
>3 1 4.49(0.01,897) 2.14(-2.79,7.07) -1.30 (-6.06, 3.46)
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Table 6 Meta-analysis of Egger test result of SEBT parameter

variables Std_Eff Coef Std.Err t P 95%ClI

SEBT-A slope -1.148 0.834 -1.38 0.190 -2.936
bias 5271 2210 239 0.032 0.531

SEBT-PM slope 2.088 0813 257 0.022 0.344
bias -3.853 2214 -1.74 0.104 -8.602

SEBT-PL slope 3117 1.356 230 0.037 0210
bias -6.161 3.592 -1.71 0.108 -13.866

The subjects included in the literature for this study were
individuals with functional chronic ankle instability.
Dynamic balance training was employed to stimulate the
deep sensory receptors of the foot and ankle joints, such
as kinesthesia, positional sensation, muscle group mus-
cle plexus, and tendons, with the aim of improving the
function of the ankle sensory-motor system and reduc-
ing the incidence of re-sprains. The self-functional score
is a reliable and valid measure that correlates the degree
of motor function and quality of life with the rehabili-
tation outcome parameter in patients with CAIL The
CAIT Scale [41] and the FAAM Scale [42] were included
as self-functional scoring indicators in this study. The
meta-analysis results of this study demonstrated that,
compared with the control group undergoing non-equi-
librium training, including strength training and physical
therapy, dynamic equilibrium training could effectively
enhance the patients’ self-functional scores and improve
their ankle joint function after treatment. This is consist-
ent with the findings of previous clinical studies [28, 34,
43, 44]. and systematic reviews [45].

Although balance training holds more advantages over
physical therapy or strength training in enhancing self-
functional scores in patients with chronic ankle insta-
bility, nevertheless, there exists a considerable degree of
heterogeneity in their studies. For instance, MCKEON
et al. prescribed 20 min per day, 3 times per week, for
4 weeks [34]; Hall et al. recommended 30 min per day,
3 times per week, for 4 weeks [39]; Anguish et al. pro-
posed 20 min per day, 3 times per week, with a program
lasting 6 weeks [12]. This might have resulted in greater
heterogeneity between groups. Thus, the question arises:
what is the most appropriate dosage of exercise interven-
tion? In this respect, we conducted a regression analysis,
and the regression analysis indicated that the interven-
tion time was the main factor influencing the improve-
ment of self-functional scores in patients with chronic
ankle instability through balance training. Moreover,
we discovered again through subgroup analysis that an
intervention time of 20 to 30 min for balance training
would yield the best efficacy. Ankle rehabilitation train-
ing ensures that the muscles are in a highly excited state,

as balance training demands fine neuromuscular control
and recruits more muscles to participate in the move-
ment. Additionally, a certain amount of exercise is nec-
essary to effectively stimulate the function of the ankle
muscles. Therefore, we believe that if the body exercises
for too short a period, it leads to insufficient activation
time for the muscles and the brain’s nervous system. Con-
versely, too long a period can also cause nerve and mus-
cle fatigue, at which point the efficiency of the exercise
will be reduced. Hence, maintaining balance and postural
control exercises at approximately 20 to 30 min is the
optimal time for the human body and the nervous sys-
tem to be in the best state of excitability. Consequently,
keeping balance and postural control exercises at around
20 to 30 min represents the optimal excitability of the
human body, which further suggests that we can control
the duration of each exercise and increase the frequency
of weekly exercises to enhance the effect of rehabilitation
training.

The SEBT is a reliable dynamic balance evaluation
method incorporating anterolateral (SEBT-A), postero-
lateral (SEBT-PL) and posteromedial (SEBT-PM). It has
significant correlation with lower limb postural control
and dynamic balance ability with high testing efficiency.
In our study of meta-analysis, balance training was found
to improve dynamic stability in SEBT-A, SEBT-PM and
SEBT-PL.

As far as we know, action and control in human loco-
motion are dependent on the sensorimotor system,
and when the ankle joint is damaged the sensitivity of
the musculoskeletal receptors decreases, resulting in
impaired afferent information pathways, prolonged per-
oneal reaction time, and reduced neuromuscular con-
duction velocity [46], and since the control of postural
stability is affected by afferent information from vision,
vestibular sensation, positional sense, and propriocep-
tion, postural control deficits are most likely secondary
to the combination of impaired neuromuscular control
and proprioceptive impairments in combination. Stud-
ies have shown that balance training using either stable
or unstable surfaces can improve SEBT scores in patients
with chronic ankle instability [33, 44]. Moreover, One
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study analyzed moderate effect size evidence to support
the improvement of dynamic postural stability through
balance training and neuromuscular control in patients
with CAI [47]. Balance training improves postural con-
trol deficits and enhances neuromuscular control thereby
improving dynamic stability. In subgroup analyses of
this study, a 4-week and 6-week intervention with bal-
ance training three times a week for 20-30 min is the
best combination of interventions to improve all SEBT
(dynamic balance)-directions in patients with chronic
ankle instability.

Although we conducted a thorough and comprehensive
analysis of this meta-analysis study, it still has some limi-
tations. First, several studies showed only randomized
trials but no specific methods of random sequence gen-
eration, RCTs of allocation concealment, or blinding of
outcome assessment. Many of the included RCTs were
generally of low methodological quality and may have
a high risk of bias; Secondly, the diversity of the proto-
cols used in each study may have led to variability in the
results, such as the balance training program included
single-leg balance training, unstable balance training and
other balance interventions. Although our results dem-
onstrate the effect of balance training on patients with
CALI, the quality of the individual studies and the hetero-
geneity of stimulation protocols should be considered
when interpreting the results. Finally, the study included
different load parameters and self-assessment scales for
the interventions, which may have biased the results.

In the future, we should focus on different forms of bal-
ance training such as dynamic and static balance train-
ing to determine the optimal stimulation regimen on CAI
patients, including stimulation intensity, duration, and
sites.

Conclusion

In summary, the current of systematic review and meta-
analysis provided evidence that balance training benefits
ankle function with CAI patients. Intervention time is a
major factor influencing self-function in patients with
CAl the optimal dosage of balance training for CAI is
recommended to obtain the best rehabilitation effect by
intervening 3 times a week, each intervention time of 20
min to 30 min, and consecutively intervening for 4 weeks
to 6 weeks. These findings and could provide a theoreti-
cal reference for the design of future balanced exercise
training intervention doses.
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