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A B S T R A C T

As a new means of rehabilitation, blood flow restriction training (BFRT) is widely used in the field of musculo-
skeletal rehabilitation. To observe whether BFRT can improve the efficacy of routine rehabilitation intervention in
patients with chronic ankle instability (CAI). Twenty-three patients with CAI were randomly divided into a
routine rehabilitation group (RR Group) and a routine rehabilitation þ blood flow restriction training group (RR
þ BFRT Group) according to the Cumberland Ankle Instability Tool (CAIT) score. The RR Group was treated with
routine rehabilitation means for intervention, and the RR þ BFRT Group was treated with a tourniquet to restrict
lower limb blood flow for rehabilitation training based on routine training. Before and after the intervention, the
CAIT score on the affected side, standing time on one leg with eyes closed, comprehensive scores of the Y-balance
test, and surface electromyography data of tibialis anterior (TA) and peroneus longus (PL) were collected to
evaluate the recovery of the subjects. Patients were followed up 1 year after the intervention. After 4 weeks of
intervention, the RR þ BFRT Group CAIT score was significantly higher than the RR Group (19.33 VS 16.73, p <

0.05), the time of standing on one leg with eyes closed and the comprehensive score of Y-balance were improved,
but there was no statistical difference between groups (p > 0.05). RR þ BFRT Group increased the muscle
activation of the TA with maximum exertion of the ankle dorsal extensor (p < 0.05) and had no significant change
in the muscle activation of the PL with maximum exertion of the ankle valgus (p > 0.05). There was no significant
difference in the incidence of resprains within 1 year between the groups (36.36% VS 16.67%, p > 0.05). The
incidence of ankle pain in the RR þ BFRT Group was lower than that in the RR Group (63.64% VS 9.09%, p <

0.01). Therefore, four-weeks BFRT improves the effect of the routine intervention, and BFRT-related interventions
are recommended for CAI patients with severe ankle muscle mass impairment or severe pain.
1. Introduction

Residual symptoms from an initial lateral ankle sprain are identified
as chronic ankle instability (CAI). In the United States, approximately 2
million acute ankle sprains occur each year,1 and 70% of patients with
acute lateral ankle sprains may develop CAI.2 CAI patients are prone to
suffering a cycle of sprain-instability-resprain, causing secondary damage
to the cruciate ligament and meniscus.2,3 If there is no effective reha-
bilitation intervention, it may lead to repeated wear and tear of the ankle
joint cartilage, and even cause traumatic arthritis, which will seriously
affect the daily life of patients.2

Studies have shown that CAI patients often have severe lower limb
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dysfunction, among which the reduction of balance ability, the weak-
ening of ankle valgus muscle strength, and the prolongation of reaction
time of the peroneus muscle are the main factors leading to CAI.4 In
addition, CAI patients also have defects in ankle proprioception,5,6

accompanied by persistent symptoms, such as pain, limited ankle motion,
reduced subjective sensation, etc.4 As early as 2016, the International
Ankle Consortium highlighted that in the treatment of ankle sprain,
compared with other patients, CAI patients endured a longer recovery
period, causing increased indirect costs.2

Blood flow restriction training (BFRT), also known as kaatsu training.
When BFRT is performed, special device with pressure is placed on the
proximal extremities (such as the forearms and thighs) in advance to
restrict the flow of venous blood, so that the metabolic pressure below
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List of abbreviations

BFRT Blood flow restriction training
CAI Chronic ankle instability
CAIT Cumberland Ankle Instability Tool
RR Routine rehabilitation
RR þ BFRT Routine rehabilitation þ blood flow restriction

training
RT Resistance training
TA Tibialis anterior
PL Peroneus longus
sEMG Surface electromyography
RMS Root Mean Square
MVIC Maximal voluntary isometric contraction

Table 1
Basic information of subjects.

Group RR þ BFRT Group RR Group

Number of cases 12 11
Sex(male/female) 4/8 2/9
Age (year) 20.67 � 1.30 20.82 � 1.47
Height (cm) 173.25 � 14.42 181.36 � 7.57
Weight (kg) 72.33 � 15.48 74.09 � 12.65
BMI (kg/m2) 23.88 � 2.81 22.49 � 3.56

RR þ BFRT ¼ routine rehabilitation þ blood flow restriction training，RR ¼
routine rehabilitation，BMI ¼ Body Mass Index.
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the restricted blood flow increases, thereby stimulating muscle growth
and improving muscle activation.7–9 It has been shown that combining
BFRT with low-intensity resistance training (RT) can achieve similar
results to high-intensity resistance training,10 and that low-intensity
BFRT used after anterior cruciate ligament reconstruction has been
found to provide better relief of pain and effusion than high-intensity
RT.11 This pain-reducing effect was repeated in patients with patellar
joint pain and knee arthritis.12,13

Due to its characteristics of low intensity and high stimulation, BFRT
solves the problem that patients' limbs or joints cannot bear the heavy
load.14 In addition, BFRT can increase muscle strength and stimulate
muscle activation,8,9 suggesting that this training method may be suit-
able for CAI patients with reduced strength and poor neuromuscular
control, plus its analgesic effect,11–13 so we speculate that BFRT can
accelerate the exercise rehabilitation of CAI patients. However, BFRT is
rarely applied directly in the rehabilitation of CAI patients due to its
potential safety problems such as limb numbness and abnormal coagu-
lation, and the high cost of quantifiable BFRT devices.15,16 Although
some scholars have attempted to combine BFRT with RT and found that
BFRT can reduce muscle atrophy in CAI subjects,17,18 RT alone has been
shown to be unable to completely cure CAI.19 Multiple-mode exercise
rehabilitation is supported by most studies.20 Therefore, our study used
non-quantified BFRT devices commonly used by healthy people to
restrict venous blood flow in the lower limbs, combined with multi-mode
exercise rehabilitation training, to verify the effect of BFRT on patients
with CAI, and provide reference for clinical application.

2. Materials and methods

2.1. Subject

This trial is a randomized sham-controlled trial and was approved by
the Ethics Committee of Tianjin University of Sport (TJUS-2022-025) in
February 2022. This randomized controlled trial was registered with
www.chictr.org.cn (ChiCTR2300067407). Enrollment begins on
February 24, 2022, and 26 participants are expected to enroll. All sub-
jects were required to sign informed consent to participate in the trial.
Inclusion and exclusion criteria were defined as follows21: Inclusion
criteria: (1) It conforms to the CAI evaluation standard given by the In-
ternational Ankle Union22; (2) It should be more than 3 months since the
last sprain; (3) Unilateral ankle sprain; (4) Ankle pain after sprain.
Exclusion criteria: (1) Recurrence of an ankle sprain on the affected side
during the rehabilitation intervention period; (2) Unable to train or
present for examination at the required time; (3) Patients receiving other
methods of ankle joint treatment during the intervention period; (4)
Patients with contraindications to BFRT.

The 26 subjects recruited were numbered from 1 to 26 by the second
author according to their CAIT score (from small to large). The odd group
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combined with BFRTwas recorded as the RRþ BFRT group, and the even
group as the RR group.23 Subjects with the same CAIT score drew lot to
decide which group they would be assigned to. Before the intervention,
one subject had a re-sprained ankle, one had a sprained knee, and one
quit participating in the intervention. A total of 23 subjects were finally
included in the study. After statistical analysis, no significant differences
between the two groups in terms of height, age, weight, or BMI were
identified. A summary of basic patient information is shown in Table 1.
The participants selection process is shown in Fig. 1.

2.2. Sample size calculating

The sample size was obtained using G Power 3.0.18 software.24 Based
on previous studies, surface electromyography (sEMG) data – root mean
square amplitude (RMS) was used as the primary outcome to calculate
the required sample size. To achieve 95% power at the test level of 0.05, a
total of 24 patients (12 per group) were required to detect meaningful
changes in strength improvement between groups.11 In consideration of
subject loss, 26 subjects were initially recruited.

2.3. Blood flow restriction training

RR þ BFRT Group placed tourniquets with a length of 90 cm and
width of 5 cm at the root of the affected thigh to restrict lower limb blood
flow and did not release the pressure of the tourniquet intermittently. RR
Group's rehabilitation training involves wearing a non-pressure tourni-
quet. Since how the tourniquet restricted blood flow cannot objectively
quantify the pressure of the tourniquet, a subjective quantification
method of perceived pressure proposed by Wilson et al., namely, 7 levels
of subjective pressure (10 levels in total) without discomfort and pain,
was used as the pressure standard for blood flow restriction training in
the BFR.25 Patients were asked about their subjective feelings before each
intervention. This method was used in this experiment, which has also
proven to be effective in improving muscle quality and strength.26

2.4. Interventions

CAI's routine rehabilitation training mainly focuses on ankle propri-
oception,6 lower limb strength,27 and balance training.28 In addition, a
meta-analysis has indicated that joint mobilization more than 6 times has
a significant effect on improving the dynamic and static balance ability of
lower limbs,19 and its mechanism may be related to stimulating the
mechanoreceptors in the soft tissues around the ankle when sliding be-
tween bones, enhancing proprioceptive signal intake, and thus
enhancing the control ability of the central nervous system over the
ankle.29 However, single rehabilitation intervention has been proven to
have limited effect, while multi-mode rehabilitation intervention has a
better effect.28,30 In this study, two rehabilitation therapists made reha-
bilitation programs based on the latest meta-analysis on the effectiveness
of CAI rehabilitation interventions,19 and the multi-mode intervention
proposed by Powden CJ was also referred to in our rehabilitation pro-
gram.20 One week before the formal intervention, the patients were
trained in rehabilitation intervention through online means. Subjects in
both groups received rehabilitation intervention for four weeks, three

http://www.chictr.org.cn


Fig. 1. Flow chart of the study design and participant follow-up during the trial. RR þ BFRT ¼ routine rehabilitation þ blood flow restriction training, RR ¼ routine
rehabilitation.

S. Liu et al. Sports Medicine and Health Science 6 (2024) 159–166
times a week. The detailed rehabilitation plan of the RR þ BFRT group is
shown in Table 2.

2.5. Evaluation indicators

Testing was conducted in the laboratory of the Experimental Training
Center of Tianjin University of Sports. Y-balance test measurements were
Table 2
Intervention scheme.

Program Training content Time

Preparation ● Step on tennis balls and
slant boards

5 min, 1–4 weeks

Strength Training (Do
not remove
tourniquet after
completion)

➢ Resistance valgus ankle
training

➢ Resistance varus ankle
training

➢ Resistance Dorsiflexion
Ankle Training

➢ Resistant plantar flexion
ankle training

3 groups, 12 reps/
group, 30 s rest, 1–4
weeks

Balance training
(Remove tourniquet
after completion)

■ Stand on a balance pad and
eyes open

■ Stand on a balance pad and
eyes close

■ Stand on the balance pad
with the affected foot

■ Stand with one leg on the
affected side of the balance
pad, Anterior, posterior,
lateral and posterior of the
unaffected leg inside stretch

3 groups, 1 min/group,
30 s rest, 1–4 weeks
5 laps/set, 3 sets,
stretch as far as you
can, 30 s rest between
sets, 3–4 weeks

Joint mobilization ◆ Therapist operates on the
ankle

Level III, 30 s/group, 6
groups, 30 s rest
between groups for 4
weeks
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performed in the morning and afternoon of the second day after inter-
vention, with the main indicator-sEMG measured on the morning of the
third day after intervention. Subjects avoided strenuous exercise and
remained still before testing. The testing procedure was conducted by
professional experimenters, with testing before and after intervention
carried out by the same individual in the same environment. These ex-
perimenters did not know the groups beforehand. Subjects were followed
up by telephone one year after the intervention.
2.6. CAIT score

Questionnaires from which CAIT scores were calculated were deliv-
ered to participants using an online system, both before and after the
interventions.
2.7. Surface electromyography test

Studies have shown that severe ankle valgus and dorsal extensor
injury in CAI patients is one of the main causes of frequent ankle
sprains,31 so the activation of TA and PL was selected as the main
observation index in this study.

TeleMyo&reg produced by Noraxon was used for sEMG acquisition.
2400T G2 sEMG telemetry system; Before the test, the subject is asked to
stretch the local muscles, and then sit on the yoga mat with the lower
limbs straightened. The test process is introduced to the subject for better
cooperation with the test. Then the skin surface hair of the abdominal
muscles of TA and PL was removed, mopped and peeled, and wiped with
75% alcohol. After air drying, the electrodes were pasted. The TA elec-
trode was placed on one-third of the line distance between the fibula
head and the medial malleolus, while the PL electrode was placed on the
line between the fibula head and the lateral malleolus, about 4 cm from
the fibula head.32 After the test was ready, the patient was instructed to



Table 3
Comparison of CAIT scores.

Group Before
intervention

After
intervention

Mean
difference

p
value

RR þ BFRT
Group

15.42 � 4.14 19.33 � 4.29 ** 3.91 0.004

RR Group 13.91 � 4.30 16.73 � 3.55 *# 2.82 0.020
p value 0.40 0.009

Values are mean� SD, *p< 0.05 compared with prior to intervention, **p< 0.01
compared with prior to intervention, #p < 0.01 comparison between the two
groups, CAIT ¼ Cumberland Ankle Instability Tool, RR þ BFRT ¼ routine
rehabilitation þ blood flow restriction training, RR ¼ routine rehabilitation.
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start the test. After hearing the “start” instruction, the patient was
required to perform maximum exertion ankle dorsiflexion for 15 second
(s), and the surface electromyography of maximum exertion ankle valgus
was tested after 1 minute (min) of rest. Subjects underwent a practice
maximum shrinkage test before the measurement test to ensure adequate
performance and stability.

The sEMG test system was used to collect the electromyography sig-
nals during the maximum effort of the subjects during ankle dorsal
extension and valgus. The obtained data were imported into MR-XP1.07
Master Edition software for filtering (signal filtering FIR, high frequency
10 Hz), rectification, and smoothing filtering (RMS algorithm, 50 ms
window). RMS and maximum amplitudes of the subjects' muscles at 1–4
s, 5–8 s, and 9–12 s were then intercepted and recorded. Normalized
mean and peak amplitudes were used for statistical comparison. The
formula used to determine the normalized amplitude is expressed as a
percentage maximal voluntary isometric contraction (MVIC),33 as shown
below: (mean amplitude [μV] / maximum amplitude [μV]) � 100% ¼
normalized amplitude (%MVIC).

2.8. Standing on one leg with eyes closed

Static balance was assessed by standing on one leg with eyes closed.34

The subjects took off their shoes and socks, stood on the wooden floor
with their arms crossed in front of them, listened to the password, and
closed their eyes. At the same time, they lowered their lower limbs to
about 45� and bent their hips to about 30� on the healthy side, lifted their
feet off the ground, and recorded the standing time on one foot. The test
ends if the subject's healthy foot touches the ground, contacts the sup-
porting lower limb, or is unable to maintain a standing position during
the test. Measure three times and take the average.

2.9. Y-Balance test

The dynamic balance capability of the lower limbs of each subject was
measured using Y-Balance test scores.35 First, the distance from the
anterior superior iliac spine to the medial malleolus was measured in the
standing position, accurate to 0.5 cm, and recorded as leg length. Then
The subjects stood barefoot on the foot on the affected side at a desig-
nated point, with the other foot actively extended forward, backward,
then backward again, respectively. The maximum distance moved was
recorded. This value was measured three times and the mean value was
recorded. In the test, if the participant loses balance after standing on one
leg, causing the standing foot to move significantly and the extended leg
to touch the ground with the sole, preventing the extended leg from
returning to the initial position, then the test was recorded as invalid. If
the number of invalid tests was greater than 3, the test result in that
direction was recorded as zero. The comprehensive score of the affected
side ¼ (forward distance þ backward outward distance þ backward in-
ward distance) / (leg length � 3) � 100%.

2.10. Follow-up visit

Subjects in the two groups were followed up one year after the end of
the experiment. 12 subjects were followed up in the RR þ BFRT group,
and 11 subjects were followed up in the RR group. Follow-up time:
2022.04.20-2023.4.21. Follow-up questions: Did you have another se-
vere ankle sprain (requiring rest for more than one day) after the inter-
vention? Did you experience ankle pain after the intervention?

2.11. Statistical analysis

Statistical analysis was conducted using SPSS 25.0 software.
Following normality testing, measurement data conforming to a normal
distribution were expressed as mean � standard deviation (X � SD),
while differences between groups were tested using an independent
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samples t-test. Differences within groups were tested using a paired-
samples t-test. A Mann-Whitney U test was used for a comparison of
groups of the measurement data that did not conform to a normal dis-
tribution, while a Wilcoxon (W) test was used for comparisons within
each group. A Fisher's Exact Probability Test was used to compare the
rate of respiration. p＜ 0.05 represent statistically significant differences.

3. Results

3.1. Comparison of CAIT scores before and after intervention

Available Y-balance data was obtained in the RR þ BFRT group of 12
people and the RR group of 11 people. There was no significant differ-
ence between the pre-intervention groups. After the intervention, the RR
þ BFRT group was significantly higher than the RR group. For intra-
group comparison, the CAIT scores of subjects in both groups were
significantly improved, with a mean increase of 3.91 points in the RR
group and 2.82 points in the RR group, as shown in Table 3.
3.2. Comparison of balance capability indicators before and after
intervention

Finally, 12 people in the RR þ BFRT group and 11 people in the RR
group be statistically analyzed. Before the intervention, there was no
difference in standing time with eyes closed between the two groups (t ¼
�2.46, p ¼ 0.808). After 4 weeks of intervention, subjects in both groups
had long standing time with eyes closed after the intervention, but there
was no statistical significance between groups (t ¼ 0.749, p ¼ 0.462), as
shown in Fig. 2.

Available Y-balance data was obtained in the RR þ BFRT group of 12
people and the RR group of 11 people. Before the intervention, there was
no difference in Y-balance scores between the two groups (t ¼ �1.865, p
¼ 0.076). After the intervention, the comparison of Y-balance scores
between the two groups was not statistically significant (t ¼ �1.103, p ¼
0.284), as shown in Fig. 3.
3.3. Comparison of sEMG before and after intervention

There were 12 people in the RR þ BFRT group and 10 people in the
RR group. Before the intervention, there was no significant difference in
the activation degree of the malleolus dorsal extensor TA between the
two groups (t ¼ �3.95, p ¼ 0.724). After the intervention, the degree of
activation in the RR þ BFRT group was significantly higher than that in
the RR group by comparison between groups (t ¼ 2.125, p ¼ 0.047), as
shown in Fig. 4.

PL surface EMG data was available for the RRþ BFRT group of 11 and
the RR group of 10. Before the intervention, there was no significant
difference between the two groups in the degree of activation of PL
malleolus valgus (t ¼ 0.462, p ¼ 0.650). After the intervention, the
comparison between groups was not statistically significant (t ¼ �0.584,
p ¼ 0.566), as shown in Fig. 5.



Fig. 2. Comparison of standing time on one leg with eyes closed on affected side
before and after intervention. RR þ BFRT ¼ routine rehabilitation þ blood flow
restriction training, RR ¼ routine rehabilitation, ns ¼ not significant.

Fig. 3. Comparison of Y-balance comprehensive scores on the affected side
before and after intervention. RR þ BFRT ¼ routine rehabilitation þ blood flow
restriction training, RR ¼ routine rehabilitation, ns ¼ not significant.

Fig. 4. Comparison of activation of ankle dorsalis extensor anterior tibial
muscle. *p < 0.05 for comparison between groups, RR þ BFRT ¼ routine
rehabilitation þ blood flow restriction training, RR ¼ routine rehabilitation, ns
¼ not significant.

Fig. 5. Comparison of activation degree of peroneus longus of ankle valgus. RR
þ BFRT ¼ routine rehabilitation þ blood flow restriction training, RR ¼ routine
rehabilitation, ns ¼ not significant.
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3.4. Follow-up results

After the intervention, the incidence of resprains was 36.36% in the
RR Group and 16.67% in the RR þ BFRT Group. Although the incidence
of resprains was higher in the RR Group, there was no statistical differ-
ence between the groups, as shown in Table 4.

After the intervention, the incidence of pain in the RR Group was
63.64%, and that in the RRþ BFRT Group was 9.09%, significantly lower
than that in the RR Group, as shown in Table 5.

4. Discussion

In this study, the combination of BFRT and multi-mode rehabilitation
intervention was adopted, which is closer to the clinic. In addition, we
observed the effects of BFRT on pain and resprain rates in CAI patients
after one year for the first time, proving the long-term effects of BFRT on
CAI patients and providing a theoretical basis for clinical application.

Firstly, the CAIT self-assessment questionnaire can evaluate the pain
and stability of ankle joints in functional activities, and it can be used to
screen the CAI population. The higher the score, the better the lower limb
function of patients. The International Ankle Consortium recommended
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CAIT < 24 points to identify Chinese CAI individuals,36 and a score less
than 24 points represented ankle joint instability. When the CAIT score
was increased by more than 3 points, it indicated clinical signifi-
cance.37,38 Some scholars have found that four-week supervised
multi-modal exercise rehabilitation training can significantly improve
CAI patients' CAIT scores.39 However, the observation of BFRT on CAIT
score of CAI patients has not been reported in the literature. Our study
first studied the effect of BFRT on CAIT of subjects and found that the RR
Group CAIT score increased by 2.82 on average after 4 weeks. The mean
value of the RR þ BFRT group was increased by 3.91. From clinical
perspective, the efficacy of the RR þ BFRT group was superior to that of
the RR group, which proved that BFRT was beneficial to the lower limb
functional rehabilitation of CAI patients. However, when evaluating the
efficacy, relying solely on the subjective scale may not be reliable
enough. Other objective indicators, such as muscle activation and lower
limb balance, should also be referred to.40

In CAI patients, the ankle joint valgus and dorsi extensor muscles
were severely damaged.31 In response to this problem, Yin L et al.41

observed the effects of Kinesiology Tape on muscle activation in CAI
patients and found that Kinesiology Tape had little effect on muscle



Table 4
Ankle sprains after 1 year.

Group Re-sprained No-sprained Total Rate p value

RR Group 4 7 11 36.36% 0.370
RR þ BFRT Group 2 10 12 16.67%
Total 6 17 23

RR þ BFRT ¼ routine rehabilitation þ blood flow restriction training, RR ¼
routine rehabilitation.

Table 5
Ankle pain after 1 year.

Group Pain No pain Total Rate p value

RR Group 7 4 11 63.64% 0.009
RR þ BFRT group 1 11 12 9.09%
Total 8 15 23

RR þ BFRT ¼ routine rehabilitation þ blood flow restriction training, RR ¼
routine rehabilitation.
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activation of the PL and TA muscles in CAI patients. Burkhardt M et al.42

found that CAI patients showed increased activation of the vastus later-
alis and soleus when using BFRT for dynamic balance exercises, but had
no effect on the activation of the PL and TA. However, subsequent studies
have proved that when combined with BFRT, resistance valgus and
dorsal exercise increased the activation degree of PL and TA in subjects.17

Therefore, there is controversy about the effect of BFRT on the muscle
activation of TA and PL in CAI patients.

In CAI patients, increasing TA activation during exercise is a coping
strategy that can help CAI patients regain normal gait.43 The research
results of Rachel M et al.44 support the previous theory. In our study, the
RR þ BFRT group significantly increased TA activity in dorsiflexion after
a 4-week rehabilitation intervention, and the improvement was better
than that in the routine group, which is consistent with the main effect of
BFRT, namely better muscle activation compared with traditional resis-
tance exercise.8 However, the degree of PL activation does not change
significantly during valgus, and the authors have no good explanation for
this reason. It is worth noting that in the intervention process of the
experiment, although the subjects had received valgus intervention
training one week before the intervention, the activation degree of PL
was still small in CAI patients when they performed maximum exertion
ankle varus, and TA was accompanied by different degrees of activation,
which proved that CAI subjects had abnormal ankle valgus action
pattern. This may be the reason why PL improved activation is not
obvious. Overall, the authors suggest that BFRT has a positive effect on
lower limb muscle activation in CAI subjects.

The evaluation of the static balance ability of CAI patients mainly uses
the force plate.45 Compared with healthy individuals, CAI patients had
poor postural control and showed more forward and lateral pressure
centers in a single-limb static balance standing on a force plate.46 How-
ever, due to the limitation of experimental conditions, our experiment
selected the standing time with eyes closed as an evaluation indicator.
The time of standing on one foot with eyes closed can reflect the static
balance of CAI patients, and to some extent, the proprioception of the
ankle joint.47 We found that the standing time of subjects in both groups
was significantly extended after four-week multi-modal intervention.
This is consistent with the findings of Hale SA et al., who found that a
four-week comprehensive rehabilitation program resulted in benign
improvements in postural control in patients with chronic ankle insta-
bility.48 Although the balance ability improved more in the RR þ BFRT
group, the comparison between groups after the intervention was not
statistically significant. It suggests that BFRT does not enhance the static
balance improvement effect of conventional rehabilitation training.

Standing time on one leg with eyes closed can only evaluate the static
balance ability of the ankle joint, and ankle instability mostly occurs in
the control of dynamic balance. In order to further observe the effect of
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BFRT on the balance ability of CAI patients, the Y-balance test was also
used in this study to evaluate the dynamic postural control ability, which
can effectively detect the function loss of CAI patients.49 Studies have
shown that BFRT can effectively improve knee active position perception
and Y-balance performance.50 Some scholars have also suggested that
BFRT can enhance muscle activity during exercise and improve Y-bal-
ance test results.42 In our experiment, after 4 weeks of intervention,
Y-balance scores and time of standing on one foot with eyes closed were
improved in the RRþ BFRT group, but there was no significant difference
compared with the RR group. This is consistent with the research results
of Werasirirat P et al.,18 who also found that no significant difference was
observed in homeostasis between groups after four weeks of rehabilita-
tion intervention, with or without combined BFRT. In addition, some
scholars have pointed out that CAI patients will feel greater postural
instability and fatigue after dynamic balance exercises with restricted
blood flow,42 This may also be one reason why the difference in Y-bal-
ance scores is not significant.

A major characteristic of CAI is repeated sprains.51 One year after the
intervention, we followed up with the patients and found that the rate of
respiration in the RRþ BFRT Group was lower than that in the RR Group,
with 2 patients in the RR þ BFRT group and 4 patients in the RR Group,
although there was no statistical difference in the probability of ankle
resprians between the two groups. This may be related to the small
sample size included in the test, resulting in false positives.

Pain is a major concern for CAI patients,4 Previous studies have shown
that BFRT can improve short-term pain in patients with anterior fork
surgery and knee joints after intervention.11,13 This is similar to our results.
We found that the recurrence probability of pain in the RR þ BFRT group
was significantly lower than that in the RR group within one year after
intervention, indicating that BFRT could not only improve the degree of
pain immediately after intervention, but also have long-term effects.

There are some limitations in this experiment. It has been pointed out
that CAI patients have muscle weakness with muscle groups fixed in the
hips and ankles.52 However, our intervention program is limited to the
muscle groups around the ankle and does not pre-do the hip muscle
groups. Due to the limitations of the experimental conditions, conducting
sEMG tests in the sitting position was selected for the present study.
However, ankle sprains mostly occur during sports activities and so
observing changes in sEMG in a sitting position is somewhat limited in
scope, preventing an explanation of muscle mobilization during ankle
joint motion.53 Future studies suggest expanding the sample size,
extending the intervention time, and focusing on observing the surface
electromyography data of the periankle muscles during exercise to better
reflect the effect of intervention.
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