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Abstract 

Aim To identify the effects of strength and balance training on dynamic balance and patient reported outcomes 
in people with chronic ankle instability(CAI).

Method Five databases(CNKI, WanFang, Web of Science, EBSCO-SPORTD and PubMed were searched in September 
2022. The search was conducted on randomized controlled trials(RCTs) that the effects of strength training, bal-
ance training and combination of strength and balance training in people with chronic ankle instability compared 
to a control group. Using Review Manager 5.3 and Stata-SE 15 to conduct Meta-analysis on the included literature. 
methodological quality and risk of bias were assessed by using the PEDro scale.

Results A total of 33 Chinese and English RCTs document were screened and 1154 patients with CAI were included 
in the study. Compared with control group, strength training, balance training and combination of strength and bal-
ance training demonstrated to be more effective in terms of improving patient reported outcomes(strength training: 
SMD = 0.80, 95%CI = 0.39–1.22; balance training: SMD = 0.79, 95%CI = 0.41–1.17; combination of strength and bal-
ance training: SMD = 1.28, 95%CI = 0.57, 1.99). Subgroup analysis: Intervention for 6 weeks, more than 3 times a week 
and more than 30 min each time were the best rehabilitation programs to improve CAI patientreported outcomes. 
Compared with control group, balance training demonstrated to be more effective in terms of improving Star 
Excursion Balance Test (SEBT)((anterior: SMD = 0.71, 95%CI = 0.03–1.40; posterolateral: SMD = 0.84, 95%CI = 0.22–1.46; 
posteromedial: SMD = 0.88, 95%CI = 0.45–1.32). However, strength training and combination of strength and balance 
training had no improvement effects on SEBT.

Conclusions Available evidence showed that, results of the comparison between balance training versus strength 
training suggest that the combination of strength and balance training achieves greater benefits for patient reported 
outcomes and balance training could bring greater benefits to dynamic balance. Strength training should be used 
cautiously in clinic to improve the dynamic balance in individuals with CAI.

Trial registration (http:// www. crd. york. ac. uk/ PROSP ERO, Registration No. CRD42022371396).
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Introduction
Ankle sprains are one of the most common types of inju-
ries in daily life, often occurring in acute sports events 
such as basketball and soccer, as well as in daily rough 
roads. Among the sports injuries with data statistics, 
25% of sports injuries were caused by ankle sprain in 
different degrees [1]. Minor ankle sprains can be effec-
tively treated with non-surgical conservative treatment 
[2]. However, because many patients do not pay enough 
attention to ankle sprain in the rehabilitation stage or 
lack of necessary exercise rehabilitation means, as many 
as 70% of patients has been habitual sprain and instability 
in the later stage, and 40%-50% of patients would develop 
chronic ankle instability (CAI) [2, 3]. CAI refers to the 
structural or functional deficiencies in the ankle joint 
and surrounding tissues, resulting in ankle joint instabil-
ity and limited joint movement, with recurrent sprains as 
the main characteristic [4]. The main clinical symptoms 
of CAI include muscle weakness, persistent pain, loss of 
control, ligament laxity, functional decline, and repeated 
sprains, accompanied by cartilage damage and synovitis, 
severely affecting the quality of daily life [5].

Generally, CAI could be rehabilitated by conserva-
tive methods such as ankle fixation, physical therapy 
and exercise therapy. Exercise therapy is an important 
treatment modality for the rehabilitation of CAI in the 
later stage [6]. Studies had shown that dynamic balance, 
proprioception, fibular reaction time and lack of val-
gus strength were the main cause of CAI symptoms [7]. 
Strength and balance training were the most commonly 
used in rehabilitation training. The aim of strength and 
balance training rehabilitation is to correct modifiable 
deficits such as reduced muscle strength, decreased neu-
romuscular control, impaired proprioception, altered gait 
pattern, and restricted range of motion that are observed 
in individuals with CAI [8, 9].

Previous research has suggested some benefits from 
strength and balance training for improving dynamic 
balance and patient reported outcomes in individuals 
with CAI [10–12]. But, the comparison of effectiveness 
between strength training, balance training and combina-
tion of strength and balance training on dynamic balance 
and self-reported function for CAI are still unclear [8]. 
We need to evaluate the impact of three types of exer-
cise interventions on dynamic balance and self-reported 
function. We also need to consider which exercise mode, 
intervention load, intervention time, and intervention 
cycle can better treat chronic ankle instability symptoms. 
These factors are important for clinical development 

of exercise rehabilitation programs [13]. In view of the 
above, the aim of this study was to systematically review 
the available evidence on the effects of the various thera-
peutic physical exercise interventions (i.e. strength train-
ing, balance training and combination of strength and 
balance training) in individuals with CAI. Furthermore, 
meta-analysis was conducted to determine the most 
effective treatment for improving patient reported out-
comes and dynamic balance in this population.

Methods
Data sources and search strategies
The literature search for this study was conducted inde-
pendently and blindly by two researchers, strictly follow-
ing the PRISMA statement for meta-analyses. The search 
databases included Wanfang, CNKI, Web of Science, 
PubMed, and EBSCO-SPORTD. The last search was 
conducted on September 23, 2022. The literature data 
is retrieved in both Chinese and English. A secondary 
search of the reference lists of selected articles was con-
ducted to prevent the omission of important literature. 
This study was registered in the Research Registry (http:// 
www. crd. york. ac. uk/ PROSP ERO, Registration No. 
CRD42022371396). Derived from the explosion search, 
the final search strategy was(“chronic ankle instability” 
OR “ankle instability” OR “function ankle instability”) 
AND (“exercise intervention” OR “strength training” OR 
“balance training” OR “neuromuscular control training”).

Selection criteria
The studies were included in this review if they met the 
following criteria:

(1) Participants: individuals with CAI, According 
to the standards of the International Ankle Federa-
tion, patients who meet the following conditions are 
included as CAI patients: 1) history of at least 1 ankle 
sprain(excluding sprains within 3 months), 2) his-
tory of habitual sprains or instability, 3) self-reported 
ankle instability or function confirmed by a validated 
questionnaire.
(2) Interventions: strength training(elastic bands or 
resistance exercises); balance training(single leg bal-
ance or balance board or proprioception); combina-
tion of strength and balance training.
(3) Comparators: control(no exercise) or maintain 
daily life.
(4) Outcomes: There was no restriction on the meas-
urement of results, but this meta-analysis focused 
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on the star excursion balance text(SEBT) and self-
reported function(FAAM, CAIT, FADI, AOFAS).
(5) Study design: randomized controlled trials 
(RCTs).

Articles were excluded if: (1) Trial conducted in ani-
mals and acute ankle sprain; (2) Articles that were a case 
report or detection or survey or not published as peer-
reviewed journal articles, such as book chapters and con-
ference abstracts.

Data extraction
The process of data extraction was conducted inde-
pendently by two authors (YY.S. and W.L) according to 
the Cochrane Collaboration Handbook. The data were 
extracted as follows: basic information (first author, year 
of publication, characteristics of participants), specific 
information (measures of intervention, intensity, fre-
quency and duration) and outcome measure appropri-
ate for analysis(SEBT, FAAM, AOFAS, CAIT, FADI and 
AJFAT scores after intervention). Disagreements were 
resolved by discussion with a third author (Y.S).

For each included study, the mean and the SD of test 
and follow-up tests were extracted. If any relevant data 
was missing, we tried to contact the corresponding 
author or other authors of that study via email to request 
it.

Quality assessment
Literature quality evaluation was conducted using the 
PEDro scale, which is reliable for evaluating the quality of 
RCTs and and assessing the risk of bias [14]. The PEDro 
scale had a total of 10 points (1 point if the correspond-
ing indicators were met, 0 point if the indicators were not 
met, and the first question were not included in the total 
score). The results were independently reviewed by two 
reviewers. Studies with a score above 6 are considered as 
high quality, and scores of less than 6 for studies would 
reflect the greater potential for biases to affect results of 
trial.

Data synthesis and analysis
The included literature was analyzed using Stata-SE 15 
and Revman 5.3 software, including effect sizes, publi-
cation bias, subgroup analysis and sensitivity analysis. 
The results of this study were calculated by comparing 
the average scores of the experimental group and the 
control group after the intervention. The standardized 
mean differences (SMD) and SD with 95% CI were cal-
culated for continuous data. Effect sizes were classified 
as trivial (< 0.2), small (0.2 ~ 0.5), moderate (0.5 ~ 0.8), or 
large (> 0.8). A randomized effects model was applied, 
and the inverse variance method was used. The statistical 

heterogeneity was evaluated using heterogeneity chi-
squared (χ2) and I2 values. The level of heterogeneity was 
interpreted according to the guidelines from Cochrane,s 
collaboration: I2 values of 25, 50, and 75% correspond to 
low, moderate, and high heterogeneity, respectively [15]. 
When I2 ≥ 50%, sensitivity analysis should be performed 
to test the stability of the results and subgroup analy-
sis should be conducted based on the characteristics of 
the literature. In addition, We used Egger’s test and fun-
nel plot to quantitatively analyze publication bias of the 
included studies. If a publication bias is observed, the 
trim and fill methods are used to adjust the estimation 
points.

Results
Literature search and screening
According to PRISMA guidelines, the detailed selection 
process of these trials were showed in Fig.  1. From the 
electronic retrieval, a total of 982 relevant studies were 
obtained from 5 databases, and 597 articles were defined 
as unqualified after screening by title and abstract. After 
reading the full text, 33 RCTs were included for Meta 
analysis, including 11 Chinese literature and 22 English 
literature [10–12, 16–45] (Table 1).

Characteristics of included studies
Participant characteristics
In the included literature, a total of 1154 subjects were 
included (Table 1). There were 646 people in the exper-
imental group and 508 people in the control group. 
Including 633 male subjects and 434 female subjects, 
However, 3 studies did not state gender [18, 24, 40]. The 
age distribution of the subjects is between 18–50 years 
old, and they are all healthy adults.

Intervention characteristics
The information of the intervention parameters is 
included in Table 1. Six studies in the experimental group 
intervention program focused on strength training; 
twenty studies focused on balance training and Twelve 
studies focused on combination of strength and balance 
training. Control group interventions consisted of main-
tenance of daily routine, no intervention, or strength and 
balance training. Intervention frequency of 4–12 weeks, 
2–6 times a week and 20–60 min each time included in 
the studies. The main outcome measures of dynamic bal-
ance is SEBT and self-reported function score includes 
AOFAS, CAIT, FADI, AJFAT, FAAM-S and FADI-S.

Quality assessment of the included studies
Two reviewers independently evaluated the quality of 
assessment of the included studies. The scores were evalu-
ated according to 9–10 points as high-quality literature, 
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6–8 points as higher-quality literature, 4–5 as general 
quality literature [14]. In all 33 literature, 27 higher-qual-
ity papers with a score of 6 or above, and 6 general qual-
ity papers. Most of the literature are concentrated between 
6–8 points, with only one high-quality literature. The con-
ditions for including subjects in the literature are relatively 
clear, and allocation concealment and blinding methods 
are rarely used in Chinese literature. Overall, the quality 
assessment of the included studies are higher in Table 2.

Meta‑analysis: comparison of strength, 
balance and combination training VS. control 
on self‑reported function score
The results the self-reported function score of 
strength, balance and combination training included 
31 studies, including 907 in individuals with CAI. 
Figure  2 shows significant differences in self-
reported function score (SMD = 0.93, 95%CI = 0.62 
to 1.24, p < 0.05) between the strength, balance and 

Fig. 1 Flowchart of Literature Search and Study Selection
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Table 1 Characteristics of Studies Included in Meta-analysis

E Experience group, C Control group, WK weeks, F frequency, CAIT Cumberland ankle instability tool, AOFAS American orthopaedic foot and ankle society, FADI foot 
and ankle disability index, AJFAT Functionalassessment tool, FAAM-S Functional ankle ability measure-sport, FADI-S Foot and ankle disability index-Sport, SEBT Star 
excursion balance text

Author, Year E/C Sex Intervention Program Duration and Frequency Main 
Outcome 
MeasuresMale/Female Experimental Group Control Group

Jiang, 2020 [16] 30/30 40/20 Combination of strength 
and balance training

conventional physical 
therapy

4 WK/6F, 20min AOFAS

Liang, 2015 [17] 16/16 19/13 Dynamic and static balance 
training

Maintain routine life 4 WK/5F, 15min CAIT

Yang, 2014 [18] 32/30 39/23 Combination of strength 
and balance training

Maintain routine life 4 WK/6F, 24-40min AOFAS

Liang, 2019 [19] 20/10 0/30 Combination of strength 
and balance training

Maintain routine life 12 WK/3F, 60min SEBT

Guo, 2019 [20] 16/8 9/15 Strength training Maintain routine life 6 WK/3F, 15-20min SEBT

He, 2014 [21] 13/13 vague Strength training Maintain routine life 12 WK/6F, 15-20min AOFAS

Liu, 2014 [22] 16/16 13/19 Combination of strength 
and balance training

Family exercise 4 WK/3F, 40min FADI

Zhang, 2019 [23] 10/10 4/16 Dynamic balance training 2D Dynamic Balance Training 4 WK/4F, 30min CAIT

Zhu, 2019 [24] 36/12 vague Combination of strength 
and balance training

Maintain routine life 10 WK/3F, 60min AJFAT

Tang, 2022 [42] 27/27 30/30 balance training BOSU balance training 6 WK/3F, 30min CAIT

Liu, 2021 [43] 19/18 24/13 Combination of strength 
and balance training

Strength training 6 WK/3F, 60min CAIT

Anguish, 2018 [10] 9/9 2/16 Dynamic balance training Static balance training 4 WK/3F, 30min FAAM-S,SEBT

Wright, 2017a [11] 20/20 29/11 balance training Strength training 4 WK/3F, 15min CAIT,SEBT

Lee, 2019 [12] 15/15 15/15 Dynamic balance training Static balance training 8 WK/3F, 20-25min CAIT

Hale, 2007[25] 16/13 10/19 Combination of strength 
and balance training

Maintain routine life 4 WK/3F, 30min FADI-S, SEBT

Mckeon, 2008 [26] 16/15 12/19 balance training Maintain routine life 4 WK/3F, 20min FADI-S, SEBT

Minoonejad, 2019 [27] 14/14 28/0 Dynamic balance training Maintain routine life 6 WK/3F, 15-20min CAIT

Cain, 2017 [28] 11/11 11/11 balance training Maintain routine life 4 WK/3F, 10-15min SEBT

Sierra-Guzman, 2018 [29] 33/17 33/17 balance training Maintain routine life 6 WK/3F, 15min SEBT

Wright, 2017b [30] 20/10 30/0 Combination of strength 
and balance training

Maintain routine life 4 WK/3F, 15-20min CAIT

Cruz-Diaz, 2015 [31] 35/35 35/35 balance training physical activity 6 WK/3F, 20-25min CAIT, SEBT

Nam, 2018 [32] 13/15 28/0 Combination of strength 
and balance training

Strength training 8 WK/3F, 30min CAIT

Cloak, 2013 [33] 22/11 33/0 balance training Maintain routine life 6 WK/2F, 15min SEBT

Kim, 2014 [34] 21/10 7/24 Combination of strength 
and balance training

Maintain routine life 4 WK/3F, 15min CAIT

Deussen, 2018 [35] 14/6 14/6 1 texture balance training, 2 
smooth balance training

Maintain routine life 6 WK/2F, 20-30min CAIT

Hall, 2018 [36] 26/13 21/18 1 Balance training, 2 
Strength training

Maintain routine life 6 WK/3F, 20min FAAM-S

Cain, 2020 [37] 32/11 20/23 Strength, balance and com-
bination training

Maintain routine life 4 WK/3F, 15-20min CAIT,SEBT

Melam, 2018 [38] 15/15 30/0 Strength training conventional physical 
therapy

4 WK/4F, 20min SEBT

Linens, 2016 [39] 17/17 34/0 balance training Maintain routine life 4 WK/3F, 15min SEBT

Clark, 2005 [40] 10/9 vague balance training Maintain routine life 4 WK/3F, 15min AJFAT

Collins, 2014 [41] 13/14 10/17 Combination of strength 
and balance training

conventional physical 
therapy

4 WK/3F, 15min FAAM-S, SEBT

Kim, 2021 [44] 25/24 25/24 balance training Maintain routine life 6 WK/3F, 20min CAIT,SEBT

Ardakani, 2019 [45] 14/14 28/0 Dynamic balance training Maintain routine life 6 WK/3F, 30min CAIT
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combination training group and control group in this 
study where this outcome was addressed.

Table  3 shows the subgroup analysis of different 
covariates on self-reported function score. Strength 
training (SMD = 0.80, 95%CI = 0.39 to 1.22, p < 0.05), 

balance training (SMD = 0.79, 95%CI = 0.41 to 
1.17, p < 0.05) and combined training (SMD = 1.28, 
95%CI = 0.57 to 1.99, p < 0.05) can significantly 
improve the self-reported function score of CAI 
patients. Combined training improved to a greater 

Fig. 2 Comparison of the effects of strength, balance and combination training versus control training on self-reported function score

Table 3 Result of Subgroup Analysis on Different Covariates on Functional Score of CAI Patients

P Significant difference

I2 Heterogeneity

Intervention Subgroup Studies SMD (95%CI) p I2

Exercise Strength training 4 0.80[0.39, 1.22] p < 0.05 0%

Balance training 16 0.79[0.41, 1.17] p < 0.05 73.8%

combination training 11 1.28[0.57, 1.99] p < 0.05 88.7%

Duration 4 Weeks 17 0.97[0.61, 1.32] p < 0.05 69.6%

6 Weeks 10 0.98[0.31, 1.65] p < 0.05 87.1%

 > 6 Weeks 4 0.85[-0.37, 2.07] p > 0.05 88.1%

Frequency 2 Times 2 0.46[-0.33, 1.25] p > 0.05 0%

3 Times 24 0.94[0.58, 1.30] p < 0.05 79.5%

 > 3 Times 5 1.18[0.25, 2.11] p < 0.05 88.2%

Time of each exercise t ≤ 20 17 0.82[0.63, 1.00] p < 0.05 0%

20 < t ≤ 30 11 0.80[0.05, 1.55] p < 0.05 90.2%

t > 30 3 2.04[0.27, 3.81] p < 0.05 91.0%
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extent compared to strength training and balance 
training. The subgroups of duration and frequency 
showed that it was best to improve the function score 
by 6 weeks of intervention, more than 3 times a week 
and more than 30 min every exercise.

The heterogeneity  I2 = 79% in this study, so through 
sensitivity analysis discussed whether a certain study 
has a greater impact on the whole. Figure 3 shows that 
excluding a certain study has little impact on the over-
all heterogeneity, and the Meta analysis results are 
stable.

Meta‑analysis: comparison of strength, balance 
and combination training VS. control on dynamic balance
Figs  4, 5 and 6 shows significant differences in A 
(SMD = 0.55, 95%CI = 0.14 to 0.96, p < 0.05), PL 
(SMD = 0.78, 95%CI = 0.23 to 1.33, p < 0.05), and PM 
(SMD = 0.63, 95%CI = 0.32 to 0.94, p < 0.05) between 
the strength, balance and combination training group 
and control group in this study where this outcome was 
addressed.

Table  4 shows the subgroup analysis of different 
Covariates on dynamic balance. Strength training 
can effectively improve SEBT-A, but has no effect on 
SEBT-PL and SEBT-PM. Balance training can effec-
tively improve the three directions of SEBT-A, SEBT-
PL and SEBT-PM, and can achieve moderate effect size. 
Combination training has no significant improvement 
effect in three directions. The intervention duration of 
6 weeks, three times a week and less than 20 min each 

exercise were the best combination to improve the 
dynamic balance of CAI patients.

Publication bias
The funnel plot and Egger test were used to evaluate 
the publication bias. No indication of asymmetry or 
publication bias was found in funnel plot (Figs. 7, 8, 9 
and 10). The Egger test in Table  5 showed that there 
was no publication bias (p > 0.05) in the self-report 
function (p = 0.147), SEBT-A (p = 0.204), SEBT-PL 
(p = 0.158), and SEBT-PM (p = 0.331).

Discussion
Patient reported outcomes
Self-reported function can diagnose the rehabilitation 
effect of CAI patients, generally including pains, swell-
ings, losses of control and other symptoms, as well as 
the performance of daily life related to running, jump-
ing, landing and squatting. The clinical evaluation of CAI 
rehabilitation effect by patient reported outcomes has 
the advantages of saving time and being fast and effec-
tive. The scale has been proved to have high test effi-
ciency [4, 46]. A total of 31 literatures including 907 CAI 
patients were included in the patient reported outcomes. 
The strength training, balance trainging, and combined 
strength and balance training can significantly improve 
the chronic ankle instability self-reported function com-
pared to the control group. Combined strength and bal-
ance training improved to a greater extent compared to 
strength training and balance training. The best exercise 

Fig. 3 Sensitivity Analysis of exercise intervention on Functional Score of CAI Patients
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intervention for improving self-reported function is to 
exercise for 6 weeks, more than 3 times a week and more 
than 30 min every exercise. Chronic ankle instability 
often presents with deficits in neuromuscular control, 
proprioception, and strength disorders [47]. These symp-
toms can affect people’s daily quality of life, limit physi-
cal exercise, and cause pain [11]. Because of the incidence 
rate and commonness of chronic ankle instability, peo-
ple try to improve it by providing effective technology. 
Physical exercise is an effective physical method for treat-
ing chronic ankle instability, and balance [45, 48] and 
strength [36, 49] are common exercise interventions. So 
this study can provide guidance and recommendations 
for clinical treatment and design.

Compared to previous literature, previous stud-
ies have investigated the effects of balance training 
and strength training on CAI, but have not compared 

strength training, balance training, and combined 
strength and balance training interventions. Luan et al. 
[8] concluded that strength training did not improve 
FAAM compared to the control group and did not 
include other self-reported function indicators, so 
only two literature were included. Koshino et  al. [50] 
compared the effects of several exercise interventions 
on dynamic balance, but did not include self-reported 
function. Only one literature compared the effects of 
strength training and balance training on self-reported 
function and dynamic balance in their research, and 
concluded that balance training significantly improved 
the self-reported function and dynamic balance. Com-
pared to strength training, balance training can better 
improve self-reported function, but has no advantage 
in improving dynamic balance [51].

Fig. 4 Comparison of the effects of strength, balance and combination training versus control training on SEBT-A

Fig. 5 Comparison of the effects of strength, balance and combination training versus control training on SEBT-PL
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Fig. 6 Comparison of the effects of strength, balance and combination training versus control training on SEBT-PM

Table 4 Result of Subgroup Analysis on Different Covariates on dynamic balance of CAI Patients

A Anterior, PL Posterolateral, PM Posteromedial
*  p < 0.05

Intervention Subgroup A‑ SMD (95%CI) PL‑ SMD (95%CI) PM‑ SMD (95%CI)

Exercise Strength training 0.64(0.07, 1.21) * 0.61(-0.04, 1.26) 0.41(-0.07, 0.89)

Balance training 0.71(0.03, 1.40) * 0.84(0.22, 1.46) * 0.88(0.45, 1.32) *

combination training 0.17(-0.31, 0.66) 0.54(-0.24, 1.32) 0.21(-0.25, 0.67)

Duration 4 Weeks 0.96(-0.19, 2.10) 0.42(0.02, 0.82) * 0.51(0.17, 0.84) *

6 Weeks 0.46(0.10, 0.82) * 1.08(0.25, 1.92) * 1.02(0.30, 1.73) *

Time of each exercise t ≤ 20 0.64(0.09, 1.19) * 0.59(0.13, 1.05) * 0.61(0.22, 1.00) *

20 < t ≤ 30 0.50(-0.06, 1.06) 0.95(-0.26, 2.15) 0.84(0.221.46) *

t > 30 -0.26(-1.14, 0.62) –––––- –––––-

Fig. 7 Funnel plot for analyzing the outcome of the self-reported function score, which is symmetrical and indicates no bias of included studies



Page 11 of 15Su et al. BMC Sports Science, Medicine and Rehabilitation           (2024) 16:79  

The main causes of CAI symptoms may include 
dynamic balance ability, proprioception, fibular reaction 
time and loss of valgus force [7]. The loss of dynamic bal-
ance and proprioception will cause CAI patients to have 
symptoms such as blocked nerve information input, 
weakened muscle control, and muscle lack strength 
[46]. Posture control is affected by the input of informa-
tion such as vision, vestibular sense, position sense and 
proprioception. Therefore, posture defects are likely to 
be affected by the impairment of neuromuscular con-
trol and proprioception. It is beneficial to improve the 
obstacle of posture control, neuromuscular control and 

proprioception through dynamic and static balance 
training [52, 53].

The decline of valgus strength of ankle joint is more 
likely to cause muscle weakness, ligament relaxation and 
repeated ankle sprains. The valgus muscle strength of the 
ankle joint can provide protection for the lateral ankle 
ligament to resist the varus force. There is a high correla-
tion between valgus muscle loss and chronic ankle insta-
bility [54]. The risk of the ankle sprain can be reduced by 
strengthening ankle muscle strength after ankle sprain. 
In clinical practice, it is generally recommended using 
elastic band and resistance exercise to improve valgus 

Fig. 8 Funnel plot for analyzing the outcome of the SEBT-A, which is symmetrical and indicates no bias of included studies

Fig. 9 Funnel plot for analyzing the outcome of the SEBT-PL, which is symmetrical and indicates no bias of included studies
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and dorsiflexion strength [55]. We can think that the 
combined strength and balance training will be more 
effective and targeted than the single form of strength 
and balance training in posture control, dynamic bal-
ance improvement and related CAI symptom reduction. 
This conclusion is also supported by the systematic meta-
analysis results of Mollà-Casanova et  al. [51]. Balance 
training may help to improve ankle function and reduce 
incidence rate, and the effect is similar to that of strength 
training. The combination of two training methods yields 
better results [19]. Therefore, it is recommended that 
rehabilitation practitioners and clinicians use the combi-
nation of strength and balance training to rehabilitate the 
ankle joint, which is the best way to improve the patient’s 
symptoms.

Dynamic balance
SEBT was significantly correlated with postural con-
trol and dynamic balance ability of the lower limbs. The 

ability of dynamic balance was evaluated efficiently by 
SEBT score [56]. This study found that strength train-
ing had a significant improvement on SEBT-A, but not 
on SEBT-PL and SEBT-PM. Balance training had a sig-
nificant improvement in all three directions and achieved 
moderate effect size. The combination of strength and 
balance training had no significant improvement on the 
three directions. Dynamic balance is the ability of the 
center of gravity of the body to maintain postural stability 
and orientation in the plane of support while the body is 
in motion. In the process of human movement, the sup-
port plane of the body is constantly changing, and the 
body posture is constantly adjusted.

Research by Linens [39] and Anguish [10] suggested 
that balance training had the best effect in improving 
SEBT scores. This study also found that balance train-
ing significantly improved dynamic balance ability, while 
strength training may have a low effect on dynamic 
balance improvement. Neuromuscular control and 

Fig. 10 Funnel plot for analyzing the outcome of the SEBT-PM, which is symmetrical and indicates no bias of included studies

Table 5 Meta Analysis of Egger Test Result

outcome measures Std_Eff Coef Std. Err t p [95%Conf. Interval]

self-reported function Slope -0.2385 0.7664 -0.31 -1.8062, 1.3290

Bias 2.8891 1.9390 1.49 0.147 -1.0765, 6.8548

SEBT-A Slope -0.8221 0.9987 -0.82 -2.9641, 1.3200

Bias 3.3947 2.5468 1.33 0.204 -2.0675, 8.8570

SEBT-PL Slope 2.7029 1.2736 2.12 -0.0719, 5.4778

Bias -4.7478 3.1553 -1.50 0.158 -11.6227, 2.1270

SEBT-PM Slope 1.556 0.8804 1.77 -0.3322, 3.4442

bias -2.3088 2.2950 -1.01 0.331 -7.2312, 2.6136
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proprioceptive reconstruction recovery are prerequi-
sites for improving postural stability [5]. Balance training 
requires better control of body stability in both dynamic 
and static exercise. This is helpful for neural control and 
proprioception. Dynamic balance is more dependent on 
the control of body posture, and has great relevance for 
trunk posture, lower limb muscle strength [52]. Strength 
training generally targets the muscles around the ankle 
joint to improve results. Strength training needs to be 
carefully chosen to target improvements in neural con-
trol and proprioception.

The actions and control in human movement depend 
on the sensorimotor system, which integrates the nerv-
ous system with the sensory system, forming a complex 
process of integration [6]. When the ankle sustains a 
sports injury, damage occurs to the muscles, tendons, and 
proprioceptors of the ankle joint, impeding the incoming 
information. The diminished neuro-muscular control, 
originally responsible for executing the movement, leads 
to weakened capabilities, making the ankle joint more 
susceptible to recurrent sprains and secondary injuries 
during physical activity [17]. When the ankle is sprained, 
the recovery of neuro-muscular control and propriocep-
tive sensation is the physiological foundation for effective 
rehabilitation [57]. The balance training program, includ-
ing dynamic and static exercises, can enhance postural 
control in unstable conditions, strengthen neuro-muscu-
lar control, and reduce the risk of ankle sprains [25, 58].

Conclusion
Available evidence showed that, the combination of 
strength and balance training achieves greater ben-
efits for patient reported outcomes and intervention for 
6 weeks, more than 3 times a week and more than 30 
min each time were the best rehabilitation programs to 
improve CAI patientreported outcomes. balance training 
could bring greater benefits to dynamic balance. Strength 
training should be used cautiously in clinic to improve 
the dynamic balance in individuals with CAI.

Limitations of the study
First of all, some studies included in this study did not show 
the implementation of allocation concealment and blind-
ing, which may reduce the reliability of the study results or 
cause subjective bias. Second, the balance training inter-
vention program included single-leg balance training, 
unstable balance training and other balance interventions, 
etc. This study did not conduct a more detailed subgroup 
analysis to determine the effect of different forms of bal-
ance intervention. The last, the load and patient reported 
outcomes measurements of the interventions included in 
the studies were different, which may lead to bias in the 
results.

Acknowledgements
Thank you for the funding support provided by Bohai University. The teachers 
of the Physical Training College have provided a lot of guidance and sug-
gestions in paper writing and revision. Thank you to all colleagues for their 
participation and cooperation, which enabled the successful completion of 
literature writing.

Authors’ contributions
Yuying SU is responsible for selecting topics, collecting literature and writing 
papers. Wei LI is responsible for reviewing and modifying. Changbo PAN is 
responsible for searching literature and extracting data. Yu SHI is responsible 
for organizing the extracted data and collecting information.

Funding
This study was supported by the Basic Scientific Research Project of Liaoning 
Provincial Department of Education – Youth Project “Study on rehabilitation 
effect of different exercise interventions on chronic ankle instability” (No. 
LJKQR20222558).

Availability of data and materials
The research provides the best intervention plan for the rehabilitation of 
chronic ankle instability through a combination of strength and balance train-
ing; 2 Balance training could bring greater benefits to dynamic balance, and 
strength training should be used cautiously in clinic to improve the dynamic 
balance in individuals with CAI.
The data supporting the results of this study can be obtained from the 33 
RCTs literature included.

Declarations

Ethics approval and consent to participate
(Not applicable).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 School of Strength and Conditioning Training, Beijing Sport University, 
Beijing, China. 2 Physical Education College, Bohai University, Jinzhou, Liaoning, 
China. 

Received: 3 June 2023   Accepted: 9 February 2024

References
 1. Hupperets MD, Verhagen EA, Van MW. The 2BFit study: is unsupervised 

balance board training programme given in addition to usual care, 
effective in preventing ankle sprain recurrences? Design of a randomized 
controlled trial[J]. BMC Musculoskelet Disord. 2008;20(9):71.

 2. Yeung M, Chan KM, So C, et al. An epidemiological survey on ankle 
sprain[J]. Br J Sports Med. 1994;28(2):112–6.

 3. Gribble PA, Delahunt E, Bleakley C, et al. Selection criteria for patients 
with chronic ankle instability in controlled research: a position statement 
of the International Ankle Consortium[J]. J Orthop Sports Phys Ther. 
2013;43(8):585–91.

 4. Shi XJ, Han J, Liu Y. Research progress on pathological mechanism, evalu-
ation and diagnosis of chronic ankle instability[J]. Chin J Sports Med. 
2019;38(9):816–24.

 5. Zhang LL, Yang YS, Zheng JJ. Advance in Posture Control forChronic Ankle 
Instability(review)[J]. Chin J Rehabil Theory Pract. 2019;25(8):908–12.

 6. Schaefer JL. Effects of a 4-week dynamic-balancetraining program sup-
plemented with Graston instrument-assisted soft-tissue mobilization for 
chronic ankle instability[J]. J Sport Rehabil. 2012;21(4):313–26.



Page 14 of 15Su et al. BMC Sports Science, Medicine and Rehabilitation           (2024) 16:79 

 7. Thompson C, Schabrun S, Romero R, et al. Factors contributing to chronic 
ankle instability: a systematic review and meta analysis of systematic 
reviews[J]. Sports Med. 2018;48(1):189–205.

 8. Luan L, Adams R, Witchalls J, et al. Does Strength Training for Chronic 
Ankle Instability Improve Balance and PatientReported Outcomes and by 
Clinically Detectable Amounts? A Systematic Review and MetaAnalysis[J]. 
Phys Ther. 2021;101(7):pzab046.

 9. Tsikopoulos K, Mavridis D, Georgiannos D, et al. Efficacy of non-surgical 
interventions on dynamic balance in patients with ankle instability: A 
network meta-analysis[J]. J Sci Med Sport. 2018;21(9):873–9.

 10. Anguish B, Sandrey MA. Two 4-week balance-training programs for 
chronic ankle instability[J]. J Athl Train. 2018;53(7):662–71.

 11. Wright CJ, Linens SW, Cain MS. A randomized controlled trial compar-
ing rehabilitation efficacy in chronic ankle instability[J]. J Sport Rehabil. 
2017;26(4):238–49.

 12. Lee E, Cho J, Lee S. Short-foot exercise promotes quantitative somatosen-
sory function in ankle instability: a randomized controlled trial[J]. Med Sci 
Monit. 2019;7(25):618–26.

 13. Su YY, Yin HM, Shi LC, et al. Meta Analysis of the Effect of Flywheel 
Eccentric Overload Training on Preventing Disuse Muscular Atro-
phy in Simulated Weightlessness Population[J]. Chin J Rehabil Med. 
2022;37(02):224–30.

 14. Maher CG, Sherrington C, Herbert RD, et al. Reliability of the PEDro 
scale for rating quality of randomized controlled trials[J]. Phy Ther. 
2003;83(8):713–21.

 15. Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in 
meta-analyses[J]. BMJ. 2003;327:557–60.

 16. Jing DJ, Liao ZP. The Effect of Proprioception Training on the Motor 
Function of Patientswith Chronic Ankle Instability[J]. Medical information. 
2020;33(17):98–100.

 17. Liang Y, Gao M, Wang PZ, et al. Effect of dynamic and static balance train-
ing on ankle instability[J]. Chin J Geriatr Orthop Rehabil. 2015;1(02):23–8.

 18. Yang Z. Clinical efficacy of functional exercise on chronic ankle 
instability[D]. Central China Normal University, 2014. https:// www. cnki. 
net/.

 19. Liang S S. Effects of different intervention methods on postural stability 
in patients with functional ankle instability[D]. TianJin University of Sport, 
2019. https:// www. cnki. net/.

 20. Guo Y H. The effect of core training on general people with functional 
ankle instability[D]. BeiJing Sport University, 2019. https:// www. cnki. net/.

 21. He WH, Li K, Du JK, et al. Therapeutic effect of muscle function exercise 
on chronic external ankle instability[J]. The Journal of Practical Medicine. 
2014;30(09):1514–5.

 22. Liu X, Zhang YP, Wang L, et al. Effect of Comprehensive Rehabilitation 
Direction on Functional Ankle Instability[J]. Chin J Rehabil Theory Pract. 
2014;20(05):467–9.

 23. Zhang L L. Effect of 3-D and 2-D dynamic balance training on posture 
control in individuals with functional ankle instability[D]. ShangHai 
University of Sport, 2019. https:// www. cnki. net/.

 24. Zhu X T. Effect of Tai Chi combined with rehabilitation training on 
functional ankle instability[D]. XiAn Physical Education University, 
2019. https:// www. cnki. net/.

 25. Hale SA, Hertel J, Olmsted-Kramer LC. The effect of a 4-week compre-
hensive rehabilitation program on postural control and lower extremity 
function in individuals with chronic ankle instability[J]. J Orthop Sports 
Phys Ther. 2007;37(6):303–11.

 26. Mckeon PO, Ingersoll CD, Kerrigan DC, et al. Balance training improves 
function and postural control in those with chronic ankle instability[J]. 
Med Sci Sports Exerc. 2008;40(10):1810–9.

 27. Minoonejad H, Karimizadeh Ardakani M, Rajabi R, et al. Hop stabilization 
training improves neuromuscular control in college basketball players 
with chronic ankle instability: a randomized controlled trial[J]. J Sport 
Rehabil. 2019;28(6):576–83.

 28. Cain MS, Garceau SW, Linens SW. Effects of a four week biomechanical 
ankle platform system protocol on balance in high school athletes with 
chronic ankle instability[J]. J Sport Rehabil. 2017;26(1):1–7.

 29. Sierra-Guzman R, Jimenez-Diaz F, Ramirez C, et al. Whole-body-vibra-
tion training and balance in recreational athletes with chronic ankle 
instability[J]. J Athl Train. 2018;53(4):355–63.

 30. Wright CJ, Linens SW, Cain MS. Establishing the minimal clinical impor-
tant difference and minimal detectable change for the cumberland ankle 
instability tool[J]. Arch Phys Med Rehabil. 2017;98(9):1806–11.

 31. Cruz-Diaz D, Lomas-Vega R, Osuna-Perez MC, et al. Effects of 6 weeks of 
balance training on chronic ankle instability in athletes: a randomized 
controlled trial[J]. Int J Sports Med. 2015;36(9):754–60.

 32. Nam SM, Kim K, Lee DY. Effects of visual feedback balance training on 
the balance and ankle instability in adult men with functional ankle 
instability[J]. J Phys Ther Sci. 2018;30(1):113–5.

 33. Cloak R, Nevill A, Day S, et al. Six-week combined vibration and wobble 
board training on balance and stability in footballers with functional 
ankle instability[J]. Clin J Sport Med. 2013;23(5):384–91.

 34. Kim KJ, Kim YE, Jun HJ, et al. Which treatment is more effective for func-
tional ankle instability: strengthening or combined muscle strengthening 
and proprioceptive exercises?[J]. J Phys Ther Sci. 2014;26(3):385–8.

 35. Deussen S, Alfuth M. The influence of sensorimotor training modalities 
on balance, strength, joint function, amd plantar foot sensitivity in rec-
reational athletes with a history of ankle sprain: a randomized controlled 
pilot study[J]. Int J Sports Phys Ther. 2018;13(6):993–1007.

 36. Hall EA, Chomistek AK, Kingma JJ, et al. Balance-and strength-training 
protocols to improve chronic ankle instability deficits, part II: assessing 
patient-reported outcome measures[J]. J Athl Train. 2018;53(6):578–83.

 37. Cain MS, Ban RJ, Chen YP, et al. Four-week ankle-rehabilitation programs 
in adolescent athletes with chronic ankle instability[J]. J Athl Train. 
2020;55(8):801–10.

 38. Melam GR, Alhusaini AA, Perumal V, et al. Effect of weight-bearing 
overload using elastic tubing on balance and functional performance in 
athletes with chronic ankle instability[J]. Sci Sports. 2018;33(5):229–36.

 39. Linens SW, Ross SE, Arnold BL. Wobble board rehabilitation for improv-
ing balance in ankles with chronic instability[J]. Clin J Sport Med. 
2016;26(1):76–82.

 40. Clark VM, Burden AM. A 4-week wobble board exercise programme 
improved muscle onset latency and perceived stability in individuals with 
a functionally unstable ankle[J]. Phy Ther Sport. 2005;6(4):181–7.

 41. Collins CK, Masaracchio M, Cleland JA. The effectiveness of strain coun-
terstrain in the treatment of patients with chronic ankle instability: A 
randomized clinical trial[J]. J Man Manip Ther. 2014;22(3):119–228.

 42. Tang J. Effects of two balance exercises on the stability of patients with 
functional ankle instability[J]. TianJin University of Sport, 2022. https:// 
www. cnki. net/.

 43. Liu Q. Study of balance and proprioception training on ankle stability 
of patients with chronic ankle instability[D]. WuHan sports University, 
2021. https:// www. cnki. net/.

 44. Kim KM, Estudillo-Martínez MD, Castellote-Caballero Y, et al. Short-term 
effects of balance training with stroboscopic vision for patients with 
chronic ankle instability: a single-blinded randomized controlled trial[J]. 
Int J Environ Res Public Health. 2021;18(10):5364.

 45. Ardakani MK, Wikstrom EA, Minoonejad H, et al. Hop stabilization training 
and landing biomechanics in athletes with chronic ankle instability: a 
randomized controlled trial[J]. J Athl Train. 2019;54(12):1296–303.

 46. Yin Y, Luo DM, Liu H, et al. Advance in Mechanism and Self-reported 
Measures of Functional Ankle Instability (review)[J]. Chin J Rehabil Theory 
Pract. 2018;24(6):671–7.

 47. Hertel J. Functional Anatomy, Pathomechanics, and Pathophysiology of 
Lateral Ankle Instability[J]. J Athl Train. 2002;37(4):364–75.

 48. Youssef NM, Abdelmohsen AM, Ashour AA, et al. Effect of different bal-
ance training programs on postural control in chronic ankle instability: a 
randomized controlled trial[J]. Acta Bioeng Biomech. 2018;20(2):159–69.

 49. Hall EA, Docherty CL, Simon J, et al. Strength-training protocols to 
improve deficits in participants with chronic ankle instability: a rand-
omized controlled trial[J]. J Athl Train. 2015;50(1):36–44.

 50. Koshino Y, Kobayashi T. Effects of Conservative Interventions on Static 
and Dynamic Balance in Individuals With Chronic Ankle Instability: 
A Systematic Review and Meta-analysis[J]. Arch Phys Med Rehabil. 
2023;104(4):673–85.

 51. Mollà-Casanova S, Inglés M, Serra-Añó P. Effects of balance training on 
functionality, ankle instability, and dynamic balance outcomes in people 
with chronic ankle instability: Systematic review and meta-analysis[J]. 
Clin Rehabil. 2021;35(12):1694–709.

https://www.cnki.net/
https://www.cnki.net/
https://www.cnki.net/
https://www.cnki.net/
https://www.cnki.net/
https://www.cnki.net/
https://www.cnki.net/
https://www.cnki.net/
https://www.cnki.net/


Page 15 of 15Su et al. BMC Sports Science, Medicine and Rehabilitation           (2024) 16:79  

 52. Peng Y. The Effect of Integrative Neuromuscular Training on Sports Per-
formance, Prevention of Lower Limb Injury and Physiological Mechanism 
Analysis[J]. Journal of Nanjing Sports Institute. 2020;19(8):55–68.

 53. He JJ, Chen DY, Li P. The new thought for adolescent injury prevention 
training—Integrated Neuromuscular training[J]. ZheJiang Sport Science. 
2022;44(33):98–105.

 54. Fox J, Docherty C, Schrader J, et al. Eccentric plantar-flexor torque 
deficits in participants with functional ankle instability[J]. J Athl Train. 
2008;43(1):51–4.

 55. Kim T, Kim E, Choi H. Effects of a 6-week neuromuscular rehabilitation 
program on ankle-evertor strength and postural stability in elite women 
field hockey players with chronic ankle instability[J]. J Sport Rehabil. 
2017;26(4):269–80.

 56. Shamseddini SF, Hadadi M, Rezaei I, et al. The effect of the combination of 
whole body vibration and shoe with an unstable surface in chronic ankle 
instability treatment: a randomized clinical trial[J]. BMC Sports Sci Med 
Rehabil. 2021;13(1):28.

 57. Su YY, Peng L, Li W, et al. Research progress of integrative neuromus-
cular training for the rehabilitation and prevention of chronic ankle 
instability[J]. China Sport Sci Technology. 2023;59(07):47–52.

 58. Tran ST, Thomas S, Dicesare C, et al. A pilot study of biomechanical assess-
ment before and after an integrative training program for adolescents 
with juvenile fibromyalgia[J]. Pediatr Rheumatol Online J. 2016;14(1):43.

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


	Effects of combination of strength and balance training on postural control and functionality in people with chronic ankle instability: a systematic review and meta analysis
	Abstract 
	Aim 
	Method 
	Results 
	Conclusions 
	Trial registration 

	Introduction
	Methods
	Data sources and search strategies
	Selection criteria
	Data extraction
	Quality assessment
	Data synthesis and analysis

	Results
	Literature search and screening
	Characteristics of included studies
	Participant characteristics

	Intervention characteristics
	Quality assessment of the included studies

	Meta-analysis: comparison of strength, balance and combination training VS. control on self-reported function score
	Meta-analysis: comparison of strength, balance and combination training VS. control on dynamic balance
	Publication bias

	Discussion
	Patient reported outcomes
	Dynamic balance

	Conclusion
	Limitations of the study

	Acknowledgements
	References


