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ABSTRACT

Introduction: Ankle sprains are prevalent among footballers. To determine the effects of neuromuscular training
versus mobilization with movement, movement during ankle sprain plays a key role in the performance of football
players in terms of pain, range of motion, balance, function, and speed. Materials and methods: A randomized clin-
ical trial included two interventional groups: group A (n =20) underwent "neuromuscular training (NMT)" consisting
of 15--20 minutes of exercise. "Mobilization with movement (MWM)" was administered to Group B (n = 20) and
involved a maximum of three sets of eight repetitions in a single session. For a period of four weeks, both groups
underwent interventions three times a week. At baseline and after the intervention, the subjects’ pain severity, range
of motion, balance, function and speed were assessed. The data were analysed via SPSS version 25. Results: There
was a significant change in pain, range of motion, balance, function, and speed for both neuromuscular training
(NMT) and mobilization with movement from the pretest to the posttest (< p=0.05). Moreover, in terms of pain, dor-
siflexion, and plantar flexion, balance, function and speed, the neuromuscular training group performed significantly
better on average than did the mobilization with movement group in terms of pain, dorsiflexion, and plantar flexion,
balance, and speed, and balance (2.77+0.80 vs 2.61+0.33), ankle ROM (dorsi-flexion 3.42+0.13 vs 4.11+0.21 and
plantar-flexion 10.47+1.61 vs 11.06+0.49), balance (22.35+1.64 vs 11.2+0.8), function (22.77+1.36 vs 11.95+0.43)
and speed (0.71+0.4 vs 0.24+0). Conclusion: Pain, range of motion, balance, and functional and speed outcomes
were markedly improved by both treatments.
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INTRODUCTION

Ankle sprain is one of the most common musculoskeletal
injuries, affecting athletes and non-athletes equally (1).
Leading causes include sports and running on uneven
surfaces, where sudden direction changes or stops occur
(2). The injury happens when ankle ligaments stretch
or tear, with severity ranging from mild to severe (3).
Volleyball, football, and basketball players experience a
high incidence rate (4). Females, children, and those in
indoor sports are more likely to sustain an ankle sprain

landings increase the risk of twisting injuries (6). Previous
sprains, inadequate warm-ups, improper footwear, and
weak ankle muscles are additional risk factors (7).

The first step in examining an ankle sprain is reviewing
the patient's medical history, including past traumas
and symptoms like pain, swelling, or any "pop" sounds
during injury (3). The examiner palpates the ankle for
tenderness, deformities, swelling, and bruising. Range
of motion and muscle strength tests assess joint function
and pain levels (8). Ligament integrity is evaluated
using special tests like the anterior drawer and talar tilt
tests, focusing on the calcaneo-fibular and talofibular
ligaments (9). These assessments help guide treatment.
Symptom control involves RICE (Rest, Ice, Compression,
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Elevation) and pain management, aiding recovery after
injury (1).

Strengthening and proprioceptive exercises are crucial
in physiotherapy, helping to improve range of motion
and balance as the patient heals. Severe sprains may
require a cast or brace (10), ensuring a gradual return to
weight-bearing activities through progressively intense
exercises like walking, which improve coordination,
especially for athletes (11). In rare cases, surgery may
be necessary if pain and instability persist. The severity
of the sprain dictates treatment, with an emphasis on
preventing reinjury and restoring full ankle mobility
(12). Neuromuscular training (NMT) is an intervention
designed to enhance neuromuscular control and
functional performance in treating ankle sprains. It
improves proprioception and sensorimotor skills, which
are key for joint stability and preventing recurrent injuries
(13). Exercises like plyometric, coordination drills, and
balance movements strengthen the ankle and prepare
it to handle various stresses (14). These programs vary
in duration and intensity to reduce the risk of future
ligament injuries and help patients return to pre-injury
activities (3,11). Mobilization with movement (MWM) is
a manual therapy technique used to treat ankle sprains
(15). The patient performs specific movements while the
therapist applies joint mobilization, aiming to reduce
pain and improve joint function (15). For ankle sprains,
MWM may involve gliding the joint to relieve pain
and increase range of motion (16). This technique can
restore normal joint mechanics, reduce pain, and speed
up rehabilitation. Qualified personnel must perform
MWM tests to ensure safety and effectiveness (3).

Footballers are particularly vulnerable to ankle sprains
due to the sport's high-impact nature, which involves
rapid direction changes and jumping. This study
aims to compare the effects of NMT and MWM on
pain reduction, range of motion (ROM), balance, and
functional recovery in footballers with ankle sprains.
These outcomes will provide insights into the efficacy
of each intervention, guiding clinicians in tailoring
rehabilitation programs to reduce pain, restore joint
function, and enhance stability, ultimately improving
athletic performance and decreasing reinjury risk.
Understanding the rationale behind NMT's focus
on neuromuscular control and MWM's role in joint
mechanics will contribute to evidence-based practices
in sports rehabilitation, advancing the health and
performance of football players.

MATERIALS AND METHODS

Study Protocol

A parallel group, assessor-blinded, randomized clinical
trial was used to evaluate the effects of NMT versus
MWM in subjects with ankle sprain. The study was
conducted at the Pakistan Sports Board and Coaching
Center Lahore Pakistan between March and August

2023. Ethical approval was obtained from the ethical
committee of Lincoln University College (Approval
number: LUC/CPGS/PGS/20230405/001). The trial
was registered prospectively under the Clinical Trial
Registry (Registration number: NCT06198270) and has
been reported according to the recommendations of the
Consolidated Standards of Reporting Trials statement.
Trial completion occurred after the data were collected
from the final participant. No funding was received for
this study.

Participants

Consecutive patients with Grade | or Il ankle sprain
presenting to the physiotherapy outpatient department
were recruited for this trial. The subjects were assessed
by a physiotherapist. The diagnosis of ankle sprain was
made by a physiotherapist on the basis of the patient’s
medical history and clinical examination results
identified by subtalar and squeeze tests.

The eligibility of the subjects was assessed on the basis
of the inclusion and exclusion criteria. Participants
between 18 and 30 years of age, participants who had a
minimum of one year of active involvement in football
and those who engaged in intensive training regimes
comprising 15--20 hours per week were included.
Grade 3 ankle sprains, related lower extremity fractures,
open ankle wounds and chronic ankle injuries,
contraindications to manual therapy, and the withdrawal
of informed consent were the exclusion criteria(17). If a
subject's pain increased by three points or more on the
NPRS during the first treatment session's intervention,
they were also removed from the study.

A written information sheet detailing the study
procedure and the advantages and disadvantages of the
interventions was provided to the participants. Those
who agreed to participate were enrolled, given the
option to withdraw at any time, and were requested to
sign an informed consent form. Following recruitment,
at the first evaluation, a licenced physiotherapist with
eight years of clinical experience and a postgraduate
degree in sports physiotherapy provided demographic
information. The participants were then randomly and
equally allocated to Group A, which received NMT
(n=20), or Group B, which received the MWM (n=20),
by the treating therapist. The lottery approach was used
to prepare the randomization sequence. Throughout
the study, all the subjects were instructed to keep their
group identification secret.

Outcome Measurement

An 11-point numerical pain rating scale (NPRS) was
used to measure the main outcome, with a higher
score indicating more intense pain. The Functional
Ankle Instability Index (IdFAI) was used to measure
ankle disability; higher scores indicate lower disability.
The ankle dorsiflexion and plantar-flexion range, as
well as the dynamic balance, were measured via the
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Star Excursion Test, and higher scores on the SEBT are
desirable, as they indicate better balance and stability.
The 20-m sprint test was used to calculate lower speeds;
lower scores indicated lower speeds.

Interventions

Over the course of four weeks, each group received
twelve treatment sessions. Every intervention was given
one-on-one by a physiotherapist with eight years of
clinical experience treating musculoskeletal diseases,
particularly sports injuries and rehabilitation, and formal
training in NMT and MWM. At the initial consultation,
all interventions were initiated immediately following
recruitment. Additionally, they were instructed to apply
ice to the damaged ankle area directly for 20 minutes at
least three times a day and to elevate their injured leg on
pillows while they slept. The participants were told to
start walking again as soon as possible with the assistance
of a walking aid if necessary. The ankle and subtalar
range of motion exercises were among the non-weight-
bearing exercises, which were performed in extended
sitting positions. Each set consisted of 15 repetitions.
Calf muscle stretches were performed five times and
held for 30 seconds each time(18). In both groups, the
exercise regimen started at the conclusion of the first
therapy session. This course was created to increase
proprioception and improve ankle joint mobility and
muscle strength. Patients were recommended to cease
exercising if their pain increased by more than three
on the NPRS and to resume exercise only if their pain
returned to baseline after five minutes. If necessary, the
workup settings were changed, but the type of exercise
remained the same.

In Group A, patients allocated to the NMT group
completed 12 training sessions divided into 4 weeks. The
intervention consisted of 6 neuromuscular exercises (3
sets, 10 reps each) engaged in NMT, which emphasizes
activities that enhance neuromuscular control, balance,
and stability(19). This program included crossarm single-
leg stances, throwing/receiving a ball, single-leg deadlift,
calf lifts, lateral jumps with hands on the hip, and
balancing board exercises. Improving proprioceptive
awareness and sensorimotor integration in the ankle
joint is the goal(20).

Groug B participants completed the MWM test for
ankle sprains, as detailed by Mulligan (21), in addition
to exercise. While maintaining tibial stability, painless
posterior, superior, and lateral stresses were applied
to the distal fibula while the patient was in the supine
position. To improve comfort, this force was delivered
through a pad made of soft material(22). The individuals

were instructed to actively perform ankle plantar flexion
and inversion to the greatest extent that they were
pain-free while this force was sustained. Only after
the patient reached full pain-free range of motion did
passive overpressure to plantar flexion and inversion
occur. In a single session, a maximum of three sets of
eight repetitions were performed.

Statistical analysis

The collected data were analysed via the Statistical
Package for the Social Sciences (SPSS) version 23,
and the statistical significance level was set at p=0.05.
Normally distributed data were assessed via the Shapiro-
Wilk test, and parametric tests were applied for within
and between groups analysis.

RESULTS

Demographic Characteristics

44 participants were recruited and randomized into two
intervention groups (Table 1). Four participants did not
receive or start their intervention; therefore, data from 40
participants were included in the analyses. The study's
demographic analysis revealed a predominance of male
participants, constituting 72.5% (29 individuals), with
female participants comprising 27.5% (11 individuals).
In terms of body mass index (BMI), most participants,
accounting for 90% (36 individuals), fell within the
normal range, whereas a smaller proportion, representing
10% (4 individuals), were classified as underweight.
Regarding limb dominance, 80% (32 individuals)
favoured the right leg as dominant, whereas 20% (8
individuals) favoured the left leg. Analysis of injuries
revealed that 62.5% (25 individuals) had injuries to their
right leg, whereas 37.5% (15 individuals) had injuries to
their left leg.

Further analysis by group allocation (NMT and MWM)
revealed subtle differences. The mean age of the
participants in the NMT group was 21.53 years (SD
= 2.939), which was slightly lower than that of the
participants in the MWM group (mean age = 22.05
years; SD = 2.656). The mean height measurements
were 5.121 feet (SD = 0.227) for the NMT group and
5.056 feet (SD = 0.167) for the MWM group. In terms
of weight, the NMT group had a mean weight of 57.529
kg (SD = 5.001), whereas the MWM group had a mean
weight of 58.001 kg (SD = 3.299). These detailed
demographic characteristics provide a comprehensive
overview of the study's participant profile, which is
essential for interpreting the subsequent findings and
implications (Table 1).
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Table I: Demographic characteristics

Demographic CharacteristicS Frequency Yo
Male 29 72.5
Gender
Female 11 27.5
Normal 36 90.0
Body Mass Index .
Underweight 4 10.0
. Right 32 80.0
Dominant leg
Left 8 20.0
Right 25 62.5
Injured L
niurec Leg Left 15 37.5
Groups M SD
NMT 21.53 2.939
Age (years)
MWM 22.05 2.656
. NMT 5.121 0.227
Height (feet)
MWM 5.056 0.167
NMT 57.529 5.001
Weight (kg)
MWM 58.001 3.299

Group A (neuromuscular training) pre- and post test,
within-group analyses

The group A (NMT) within-group analyses revealed
statistically significant improvements across all the
outcome measures analysed. The numeric pain rating
scale (NPRS) score decreased markedly from 4.24
to 1.47, with a mean difference of - 2.77 (p < 0.05),
indicating the presence of a clinically meaningful
change in pain level after the intervention. The range
of motion also increased significantly, with dorsiflexion
moving from 9.76+1.09 to 13.18x1.22 (mean difference
3.42+0.13) and plantar flexion ranging from 31.0+2.50
to 41.47+3.61 (mean difference 10.47+1.11). Balance
and functional performance, as measured by the
Star Excursion Balance Test (SEBT) and Identification
of Functional Ankle Instability (IdFAI), improved
remarkably; SEBT scores increased from 47.18+6.97 to
69.53+5.33 (mean difference 22.35+1.64), whereas the
IdFALl increased from 47.29+7.07 to 70.06+5.71 (mean
difference 22.77+1.36). However, there was a very
notable reduction in the time taken to cover a distance
of twenty meters sprint; it improved from three points
seven (3.71) seconds each to three points four and two
(3.42) seconds, resulting in a mean difference of 0.71
seconds (+ 0.04) (Table 11). Table Il shows that NMT is
an effective method for reducing pain levels, increasing
range of motion, enhancing balance, and improving
functional stability and sprint performance among the

individuals studied.

Table 1I: Group A (neuromuscular training) pre- and post
test, within-group analyses

Outcome Mean P
Pre values Post values .
measures Difference  value
NPRS 4.24+1.15 1.47+0.80 2.77+0.35
Dorsi-flexion  9.76%1.09 13.18+1.22 3.42+0.13
:)O'i”ter'ﬂex' 31.0£2.50  41.47+3.61  10.47+1.11
<0.05
SEBT 47.18+6.97 69.53+5.33 22.35+1.64
IdFAI 47.29+7.07 70.06+5.71 22.77+1.36
20mSprint 351,00 3.424024  0.7120.04

test
NPRS= Numerical Pain Rating Scale, dorsi and planter flexion were measure in degrees,
SEBT=Star Excursion Balance Test,
IdFAI= Identification of Functional Ankle Instability, 20 m Sprint test were in seconds.

Group B (mobilization with movement training) Pre
and post test, within-group analyses

When analysing what has happened within Group B
receiving MWM, all the measures reported significant
differences. In particular, the NRS score decreased
from 4.11x1.10 at baseline to 1.5+0.77 after the
intervention, with an average change of 2.61+0.33 (p
< 0.05). Hence, there was a significant reduction in
the sense of suffering after the treatment period. With
improvements reported in range of motion, dorsiflexion
increased from 9.84+1.34 to 13.95+1.13, with a mean
difference of 4.11+0.21, and plantar flexion increased
from 30.05%2.5 to 41.11£2.99, with a mean difference
of 11.06+0.49. The SAET and SEBT tests for balance and
functional performance revealed notable improvements
from 48.37+7.39 to 59.53x8.19 (mean difference
11.2+0.8), and the IdFAI score ranged from 48.4+7.4t0
60.32 + 7, indicating that there were evident changes in
terms of loads on the feet during this period, which were
measured via the Star Excursion Balance Test (SEBT) and
the Identification of Functional Ankle Instability (IdFAI).
The mean test time for the 20-meter sprint decreased
significantly, with the following values recorded pretest:
3.55+0.17 seconds; posttest: 3.31+0.17 seconds (mean
difference 0.24+0.00)(Table Ill). Therefore, mobilization
with movement training works well in reducing pain
levels, increasing range of motion, enhancing balance,
improving functional stability and improving sprint
performance only among other functions in life, as
shown by this study.
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Table I1I: Group B (mobilization with movement training)
Pre and post test, within-group analyses

Outcome

Pre values  Post values Mean Difference
measures value
NPRS 4.11+£1.10 1.5+£0.77 2.61+0.33
bor- 9.84+1.34  13.95+1.13 4.11£0.21
si-flexion
Plant- 30.05+2.5  41.11+2.99 11.0620.49
er-flexion <0.05
SEBT 48.37+7.39 59.53+8.19 11.2+0.8
IdFAI 48.4+7 .4 60.32+7.8 11.95+0.43
20 m 3.55+0.17 3.31+£0.17 0.24+0.00
Sprint test

NPRS= Numerical Pain Rating Scale, dorsi and planter flexion were measure in degrees,
SEBT=Star Excursion Balance Test,
IdFAI= Identification of Functional Ankle Instability, 20 m Sprint test were in seconds.

Comparison between-group analysis

There were significant differences in many output
features between NMT and MWM according to the
analysis of differences among groups. The NPRS score
for the NMT group was 2.77+0.35, whereas it was
2.61+0.33 for the MWM group, with a mean difference
of 0.16+0.02, i.e., p < 0.05. On the other hand, in terms
of range of motion, the improvement in dorsiflexion
was greater (4.11+0.21 vs. 3.42+0.13) in the MWM
group than in the NMT group, with a mean difference
of 0.69+0.08 units. In addition, palm plantar-flexion
improvement was slightly greater in the MWM group
(11.06+0.49 vs. 10.47+1.11), but this difference did not
reach statistical significance.

Balance and functional performance measurements
revealed notable differences between the groups. The
NMT group had significantly better Star Excursion Balance
Test (SEBT) scores (22.35+1.64 vs 11.2+0.8), with a
mean difference of 11.2+0.84, as did the Identification
of Functional Ankle Instability (IdFAI) score (22.77+1.36
vs 11.95+0.43), with a mean difference of 10.82+0.93.
Additionally, the 20-meter sprint test elicited greater
improvement than did the NMT test (0.71+0.04 vs
0.24+0.00), with a mean difference of 0.47+0.04 (Table
IV). These findings suggest that while both interventions
are effective, NMT results in superior improvements in
pain reduction, balance, functional stability, and sprint
performance, whereas the MWM test results in greater
enhancements in range of motion.

Table IV: Comparison between-group analysis

Outcome NMT MWM Mean p value
measures Difference

NPRS 2.77+0.35 2.61+0.33 0.16x0.02
Dorsi-flexion 3.42+0.13 4.11+0.21 0.69+0.08
Planter-flexion 10.47x1.11 11.06£0.49 0.59+0.62

SEBT 22.35+1.64 11.2+0.8 11.2+0.84 <0.05
IdFAI 22.77+1.36 11.95+0.43 10.82+0.93

20 m Sprint 0.71+0.04  0.24+0.00  0.47+0.04

test

NPRS= Numerical Pain Rating Scale, dorsi and planter flexion were measure in degrees,
SEBT=Star Excursion Balance Test,
IdFAI= Identification of Functional Ankle Instability, 20 m Sprint test were in seconds.

DISCUSSION

The purpose of this research was to determine how
well NMT and MWM work for football players suffering
from ankle sprains in terms of pain reduction, range of
motion (ROM) improvement, balance enhancement,
and functional outcomes. The posttest comparisons
indicated that the individuals who underwent NMT
had better results in several parameters than those
treated by means of MWM. The pain score (NPRS) was
greatly lower in Group A than in Group B, but there
were also significant improvements in range of motion,
balance, functional stability and sprint performance. For
example, NPRS decreased from 4.24+1.15 to 1.47+0.80
(mean difference 2.77+0.35, p < 0.05), with significant
increases in dorsiflexion (mean difference 3.42+0.13)
and plantar flexion (mean difference 10.47+1.11).
SEBT (mean difference 22.35+1.64) and IdFAI scores
(mean difference 22.77+1.36) increased, indicating
that balance and functional ability improved over
time, whereas the time taken to run a distance of 20
m decreased (mean difference 0.71+0.04). Group B
demonstrated remarkable enhancements, as indicated
by the change in NPRS from 4.11 £ 1.10to 1.5 £ 0.77
(mean difference 2.61 + 0.33, p < 0.05); dorsiflexion
improved by 4.11 = 0.21 times, whereas plantar flexion
increased, with a mean difference of 11.06 + 0.49. SEBT
and IdFAI scores changed by average differences of
11.2 £ 0.8 and 11.95 + 0.43, respectively; at the same
time, 20-meter sprint times were reduced by 0.24 + 0.00
seconds.

The between-group comparison indicated that NMT had
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superior outcomes in terms of pain reduction, balance,
functional stability, and sprint performance, whereas
the MWM test showed greater enhancements in range
of motion. These findings underscore the efficacy of
both interventions, highlighting the specific strengths
of each approach in managing pain and improving
range of motion, balance, functional stability, and sprint
performance.

Pain reduction

Hudson et al. demonstrated a significant decrease in
ankle pain after nine sessions of MWM treatment for
grade two lateral ankle sprains(23). In addition to ankle
sprains, numerous other musculoskeletal pain conditions,
including low back pain(24), neck pain(25), chronic
musculoskeletal pain in elderly individuals(26), chronic
pain following primary total knee arthroplasty(27), and
osteoarthritis in the knee and hip, can be effectively
treated with NMT(28). It has been suggested that affected
persons engage in multimodal active workouts, which
have been termed ‘"exercise-induced hypoalgesia",
because they may help to reduce pain sensitivity, while
also enhancing range of motion (ROM), balance, and
overall functional capacity in affected individuals(29)
by lowering sensitivity to noxious stimuli and activating
endogenous pain-inhibitory pathways(30). In contrast,
Collins et al. (2004) reported no significant change in
compressive or thermal pain after one MWM session
for similar injuries(31). The differences in treatment
duration, pain type, and dosage may explain these
discrepancies.

Range of motion improvement

The range of motion of the ankle is commonly impaired
in individuals with ankle instability. This study revealed
improvements after treatment in both groups. A study
underlines the importance of incorporating NMT into
rehabilitation protocols for athletes suffering from
ankle sprains, highlighting its superior effectiveness in
enhancing ROM and overall functional performance
in patients with chronic ankle instability(32). These
findings are also consistent with those of studies by
Cruz-Dnaz et al., Marron-Gomez et al., and Vicenzino
et al., which reported significant improvements in ROM
after MWM sessions(33). Gilbreath et al., however,
reported no significant change in ROM following MWM
treatment for chronic ankle sprains(34). Variations in
mobilization methods, dosages, and therapist expertise
may contribute to these diverse outcomes.

Balance enhancement

Functional ankle instability often leads to compromised
balance and recurrent sprains. Consistent with
prior research, our study demonstrated significant
improvements in balance following both the NMT and
MWM interventions. Current and previous studies align
with the literature, emphasizing the positive impact of
exercise interventions, particularly NMT, on balance
enhancement(35). The Star Excursion Balance Test

(SEBT) revealed notable enhancements in dynamic
balance among subjects receiving ankle mobilization.
Ju (2011) also reported positive effects of the MWM test
on balance in older individuals, highlighting its potential
for preventing falls and enhancing overall balance(36).

Functional Outcomes

Subjective feelings of instability are common in idFAI
and impact functional status. Our study aimed to assess
functional improvements postintervention. Kim et al. and
Ardakani et al. reported enhanced self-reported function
in balance and hop-stabilization tasks(37), which is
consistent with our findings of improved functional
outcomes in the NMT group. Additionally, compared
with the sham intervention group, the combined
approach of MWM, taping, and exercise significantly
improved pain, dorsiflexion ROM, FADI scores, and
dynamic balance (38).

Speed (20 m sprint test)

NMT programs typically involve exercises aimed at
improving muscle strength, coordination, and overall
athletic performance. Studies have shown that NMT
can lead to significant improvements in sprint speed.
For example, an 8-week NMT program significantly
improved 20-m sprint times in young athletes. These
improvements are attributed to increased neuromuscular
control and muscle power, which are crucial for
explosive movements such as sprinting(39). The MWM
test involves manual therapy techniques combined
with active movements to enhance joint mobility
and function. While the MWM is primarily used for
improving the range of motion of joints and reducing
pain, its impact on sprint speed has been less directly
studied(40). However, by improving ankle dorsiflexion
and overall joint function, the MWM can potentially
increase the efficiency of sprint mechanics, indirectly
contributing to faster sprint times(41).

CONCLUSION

Both Neuromuscular Training (NMT) and Mobilization
with Movement (MWM) significantly improved pain,
range of motion (ROM), balance, and functional
outcomes in individuals with ankle sprains. NMT
demonstrated greater enhancements in balance and
function, while MWM excelled in improving ROM.
Future studies should focus on long-term follow-up
assessments using standardized performance metrics to
evaluate sports performance pre- and post-intervention.
Additionally, incorporating biomechanical analyses,
such as motion capture and force plate measurements,
will provide insights into movement patterns and injury
mechanisms.

ACKNOWLEDGEMENT

We thanks all the football players who participated in
the study and all investigators that contributed to data

58 Mal J Med Health Sci 21(5): 53-61, Sept 2025



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

collection. And also specially Thanks to Dr Saleh Shah
(PhD) for his insightful guidance and constant support,
which were crucial in shaping this article

REFERENCES

1.

10.

Wei Y. A Comprehensive Injury Review: Lateral
Ankle Sprain. Social Medicine and Health
Management. 2023;4(2):42-8. DOI: 10.23977/
socmhm.2023.040207

Sanchez-Sanchez ], Martinez-Rodriguez A, Felipe
JL, Hernandez-Martin A, Ubago-Guisado E,
Bangsbo ], Gallardo L, Garcia-Unanue J. Effect
of natural turf, artificial turf, and sand surfaces on
sprint performance. A systematic review and meta-
analysis. International journal of environmental
research and public health. 2020 Dec;17(24):9478.
doi.org/10.3390/ijerph17249478

Halabchi F, Hassabi M. Acute ankle sprain
in athletes: Clinical aspects and algorithmic
approach. World journal of orthopedics. 2020 Dec
12;11(12):534. doi: 10.5312/wjo.v11.i12.534
PengL, Yul,JiaJ, GanY, Ding A, Xiong P, Zhao Y,
Yao Y. The effect of thickness and elastic modulus
of the anterior talofibular ligament on anterior
ankle joint stiffness: A subject-specific finite
element study. Frontiers in Bioengineering and
Biotechnology. 2023 Apr 25;11:1175347. https://
doi.org/10.3389/fbioe.2023.1175347

Santos TR, Silva El, Leite MM, Pinho GB, Marcati
MM, Bittencourt NF. Ankle Sprainin Young Athletes:
A 2-Year Retrospective Study at a Multisport
Club. Revista Brasileira de Ortopedia. 2023 Jan
13;57:1001-8. doi.org/10.1055/s-0042-1742340
Vuurberg G, Hoorntje A, Wink LM, Van Der
Doelen BF, Van Den Bekerom MP, Dekker R, Van
Dijk CN, Krips R, Loogman MC, Ridderikhof ML,
Smithuis FF. Diagnosis, treatment and prevention of
ankle sprains: update of an evidence-based clinical
guideline. British journal of sports medicine.
2018 Aug  1;52(15):956-.  doi.org/10.1136/
bjsports-2017-098106

Fridayani NK. Physiotherapy interventions in
sprain ankle. Kinesiology and Physiotherapy
Comprehensive. 2022 Aug 8;1(1):14-8. doi.
0rg/10.62004/kpc.v1il.5

Bojovic M, Dimitrijevic S, Olory BC, Eirale C,
AlSeyrafi O, AlBaker AA, Krivokapic B, Jeremic
D, DHooghe P. Overview of nerve entrapment
syndromes in the foot and ankle. International
Orthopaedics. 2025 Mar 5:1-0. doi.org/10.1007/
s00264-025-06469-5

Netterstrom-Wedin F, Matthews M, Bleakley C.
Diagnostic accuracy of clinical tests assessing
ligamentous injury of the talocrural and subtalar
joints: a systematic review with meta-analysis.
Sports Health. 2022 May;14(3):336-47. doi.
org/10.1177/19417381211029953

Waldrop 11l NE, Kouk S. Rehabilitation and Return

11.

12.

13.

14.

15.

16.

17.

18.

19.

to Play Considerations. Operative Techniques in
Sports Medicine. 2021 Dec 1;29(4):150867. doi.
org/10.1016/j.0tsm.2021.150867

Kholis AH, Hilfida NH, Lailiah N, Harista DR,
Christianingsih S. MANAGEMENT OF ACUTE
ANKLE SPRAIN: A SYSTEMATIC REVIEW. Jurnal
Keperawatan Muhammadiyah. 2025 Jun 20;10(2).
doi.org/10.30651/jkm.v10i2.26469

Hoch MC, Hertel J, Gribble PA, Heebner NR,
Hoch JM, Kosik KB, Long D, Sessoms PH, Silder
A, Torp DM, Thompson KL. Effects of foot
intensive rehabilitation (FIRE) on clinical outcomes
for patients with chronic ankle instability: a
randomized controlled trial protocol. BMC Sports
Science, Medicine and Rehabilitation. 2023 Apr
9;15(1):54. doi.org/10.1186/s13102-023-00667-7
Jouira G, Borji R, Waer FB, Srihi S, Rebai H, Sahli
S. Impact of neuromuscular training including
balance, strength and plyometric exercises on
static and dynamic balance in high-level male
runners with mild intellectual disability. Journal of
Applied Research in Intellectual Disabilities. 2024
May;37(3):e13211. doi.org/10.1111/jar.13211
Huang PY, Jankaew A, Lin CF. Effects of plyometric
and balance training on neuromuscular control
of recreational athletes with functional ankle
instability: a randomized controlled laboratory
study. International journal of environmental
research and public health. 2021 May
15;18(10):5269. doi.org/10.3390/ijerph18105269
Gogate N, Satpute K, Hall T. The effectiveness of
mobilization with movement on pain, balance and
function following acute and sub acute inversion
ankle sprain-A randomized, placebo controlled
trial. Physical Therapy in Sport. 2021 Mar 1;48:91-
100. doi.org/10.1016/j.ptsp.2020.12.016
Hempenstall P, O'Rourke B. The Acute effects of
Talocrural MWM compared with the application
of Soft-tissue of the plantarfascia on chronic
Lateral Ankle Sprains for ankle Dorsiflexion ROM.
SURE_J: Science Undergraduate Research Journal.
2022;4(1):4.  doi:https://doi.org/10.21427/hkv8-
qy50

de Ruvo R, Russo G, Lena F, Giovannico G, Neville
C, Turolla A, Torre M, Pellicciari L. The effect
of manual therapy plus exercise in patients with
lateral ankle sprains: a critically appraised topic
with a meta-analysis. Journal of Clinical Medicine.
2022 Aug 22;11(16):4925.  doi.org/10.3390/
jcm11164925

Prabhakaradoss D, Sreejesh MS, Mohamed SH,
Subbarayalu AV, Prabaharan S. Effect of manual
therapy and conventional physiotherapy on pain,
movement, and function following acute and sub-
acute lateral ankle sprain: a randomized clinical
trial. Int ] Sport Exerc Health Res. 2021;5:76-82.
Huang PY, Jankaew A, Lin CF. Effects of plyometric
and balance training on neuromuscular control
of recreational athletes with functional ankle

Mal ) Med Health Sci 21(5): 53-61, Sept 2025 59



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

20.

21.

22.

23.

24.

25.

26.

27.

28.

60

instability: a randomized controlled laboratory
study. International journal of environmental
research and public health. 2021 May
15;18(10):5269. doi.org/10.3390/ijerph18105269
Winter L, Huang Q, Sertic JV, Konczak ]J.
The effectiveness of proprioceptive training
for improving motor performance and motor
dysfunction: A systematic review. Frontiers in
rehabilitation sciences. 2022 Apr 8;3:830166. doi.
org/10.3389/fresc.2022.830166

Nguyen AP, Pitance L, Mahaudens P, Detrembleur
C, David Y, Hall T, Hidalgo B. Effects of Mulligan
mobilization with  movement in subacute
lateral ankle sprains: a pragmatic randomized
trial.  Journal of Manual & Manipulative
Therapy. 2021 Nov  2;29(6):341-52.  doi:
10.1080/10669817.2021.1889165.

Stathas |, Kalliakmanis A, Kekelekis A, Afentaki
DD, Tsepis E, Fousekis K. Effectiveness of an On-
Field Rehabilitation framework for return to sports
in injured male professional football players: a
single-blinded, prospective, randomised controlled
trial. BMJ Open Sport & Exercise Medicine. 2024
Jan 19;10(1). doi:10.1136/ bmjsem-2023-001849
Nguyen AP, Pitance L, Mahaudens P, Detrembleur
C, David Y, Hall T, Hidalgo B. Effects of Mulligan
mobilization with movement in subacute lateral
ankle sprains: a pragmatic randomized trial.
Journal of Manual & Manipulative Therapy. 2021
Nov 2;29(6):341-52. doi.org/10.1080/10669817.2
021.1889165

Taulaniemi A, Kankaanpaa M, Tokola K, Parkkari J,
Suni JH. Neuromuscular exercise reduces low back
pain intensity and improves physical functioning in
nursing duties among female healthcare workers;
secondary analysis of a randomised controlled
trial. BMC Musculoskelet Disord. 2019;20(1):328.
doi.org/10.1186/s12891-019-2678-x

Lee J-D, Shin W-S. Immediate effects of
neuromuscular control exercise on neck pain,
range of motion, and proprioception in persons
with neck pain. Phys Ther Rehab Sci. 2020;9(1):1-
9. doi.org/10.14474/ptrs.2020.9.1.1

Sit RWS, Choi SYK, Wang B, Chan DCC, Zhang
D, Yip BHK, et al. 42. Neuromuscular exercise
for chronic musculoskeletal pain in older people:
a randomised controlled trial in primary care in
Hong Kong. Br ] Gen Pract. 2021;71(704):e226-
e36. doi.org/10.3399/bjgp20X714053

Larsen JB, Skou ST, Arendt-Nielsen L, Simonsen
O, Madeleine P. Neuromuscular exercise and
pain neuroscience education compared with pain
neuroscience education alone in patients with
chronic pain after primary total knee arthroplasty:
study protocol for the NEPNEP randomized
controlled trial. Trials. 2020;21(1):218. doi.
org/10.1186/s13063-020-4126-5

Holm PM, Petersen KK, Wernbom M, Schrwder
HM, Arendt-Nielsen L, Skou ST. Strength training

29.

30.

31.

32.

33.

34.

35.

36.

37.

in addition to neuromuscular exercise and
education in individuals with knee osteoarthritis—
the effects on pain and sensitization. Eur J Pain.
2021;25(9):1898-911. doi.org/10.1002/ejp.1796
29. TomschiF, Ransmann P, Schmidt A, Hilberg T.
Exercise induced hypoalgesia after a high intensity
functional training: a randomized controlled
crossover study. BMC Sports Science, Medicine
and Rehabilitation. 2024 Aug 28;16(1):182. doi.
org/10.1186/s13102-024-00969-4
Gutierrez-Espinoza H, Araya-Quintanilla F,
Cereceda-Muriel C, Alvarez-Bueno C, Martinez-
Vizcaino V, Cavero-Redondo I. Effect of supervised
physiotherapy versus home exercise program in
patients with subacromial impingement syndrome:
a systematic review and meta-analysis. Physical
Therapy in Sport. 2020 Jan 1;41:34-42. doi.
org/10.1016/j.ptsp.2019.11.003

Norouzi A, Delkhoush CT, Mirmohammadkhani
M, Bagheri R. A comparison of mobilization and
mobilization with movement on pain and range
of motion in people with lateral ankle sprain: A
randomized clinical trial. Journal of bodywork and
movement therapies. 2021 Jul 1;27:654-60. doi.
org/10.1016/j.jbmt.2021.05.006

Wang J, Zhang D, Zhao T, Ma J, Jin S. Effectiveness
of balance training in patients with chronic ankle
instability: protocolforasystematicreviewand meta-
analysis. BMJ open. 2021 Sep 1;11(9):e053755.
doi:10.1136/ bmjopen-2021-053755

Meyer JE, Rivera MJ, Powden CJ. The evaluation
of joint mobilization dosage on ankle range of
motion in individuals with decreased dorsiflexion
and a history of ankle sprain. Journal of Sport
Rehabilitation. 2020 Sep 24;30(3):347-52. doi.
org/10.1123/jsr.2020-0114

Hempenstall P, O'Rourke B. The Acute effects of
Talocrural MWM compared with the application
of Soft-tissue of the plantarfascia on chronic
Lateral Ankle Sprains for ankle Dorsiflexion ROM.
SURE_J: Science Undergraduate Research Journal.
2022;4(1):4. doi.org/10.21427/hkv8-qy50

Akbar S, Soh KG, Jazaily Mohd Nasiruddin N,
Bashir M, Cao S, Soh KL. Effects of neuromuscular
training on athletes physical fitness in sports: A
systematic review. Frontiersin physiology. 2022 Sep
23;13:939042. DOI: 10.3389/fphys.2022.939042
Mateus A, Rebelo J, Silva AG. Effects of a multimodal
exercise program plus neural gliding on postural
control, pain, and flexibility of institutionalized
older adults: A randomized, parallel, and
double-blind study. Journal of Geriatric Physical
Therapy. 2020 Jan 1;43(1):3-11. doi: 10.1519/
JPT.0000000000000249.

Fernandez-Galvan LM, Fernandez-Vices R,
Sanchez-Infante ). Effects of Isometric Training
on Ankle Mobility and Change-of-Direction
Performance in Professional Basketball Players.
Applied Sciences. 2025 Sep 2;15(17):9666. doi.

Mal ) Med Health Sci 21(5): 53-61, Sept 2025



38.

39.

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

0rg/10.3390/app15179666

Weerasekara |, Deam H, Bamborough N, Brown
S, Donnelly J, Thorp N, Rivett DA. Effect of
Mobilisation with Movement (MWM) on clinical
outcomes in lateral ankle sprains: A systematic
review and meta-analysis. The Foot. 2020 Jun
1;43:101657. doi.org/10.1016/j.foot.2019.101657
Wang ZH, Pan RC, Huang MR, Wang D. Effects
of integrative neuromuscular training combined
with regular tennis training program on sprint
and change of direction of children. Frontiers
in physiology. 2022 Feb 10;13:831248. DOI:
10.3389/fphys.2022.831248

40.

41.

Gomes MG, Primo AF, De Jesus LL, Dionisio
VC. Short-term effects of Mulligan's mobilization
with movement on pain, function, and emotional
aspects in individuals with knee osteoarthritis: a
prospective case series. Journal of manipulative and
physiological therapeutics. 2020 Jun 1;43(5):437-
45. doi: 10.1016/j.jmpt.2019.04.011

Mills B, Mayo B, Tavares F, Driller M. The effect
of tissue flossing on ankle range of motion, jump,
and sprint performance in elite rugby union
athletes. Journal of sport rehabilitation. 2020 Mar
1;29(3):282-6. DOI: 10.1123/jsr.2018-0302

Mal ] Med Health Sci 21(5): 53-61, Sept 2025 61



