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Abstract:
Objective: The purpose of this experimental research was to compare the effects of closed-kinetic-chain exercises 

(CKCE) versus mobilization with movement (MWM) on pain, range of motion (ROM), balance, and functional outcomes 

before and after 4 weeks of training in professional footballers with an ankle sprain.

Material and Methods: The football players with inversion ankle sprain (N=40) were equally and randomly assigned to 

2 groups. Participants in intervention group A (n=20) received the closed-kinetic-chain exercises, whereas participants in 

intervention group B (n=20 underwent mobilization with the movement technique. Each participant received the intervention 

every other day for 4 consecutive weeks. Pain, range of motion, balance, functional ability, and sprint performance were 

assessed. All outcomes were measured one day before and after the intervention.

Results: Within-group analysis showed significant improvements in pain, range of motion, balance, functional stability, 

and sprint performance for both CKCE and MWM. Between-group comparisons revealed that MWM was superior in 

enhancing range of motion and reducing pain, whereas CKCE achieved greater gains in balance, functional stability, 

and sprint performance.
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Introduction
An ankle sprain is one of the most common 

musculoskeletal injuries, accounting for a significant portion 

of acute injuries in sports and daily activities1. Ankle 

sprains occur when the ligaments that support an ankle 

joint are overstretched or torn and have often resulted 

from inversion or eversion injuries2. Risk factors for ankle 

sprains include poor neuromuscular control, inadequate 

warm-up, and previous injury history3. An ankle sprain is 

also very common among athletes; studies have shown 

that the incidence in sports like basketball, soccer, and 

volleyball is as high as 30%4, posing risks to both male and 

female athletes. However, some studies suggest that the 

incidence may be higher among women due to hormonal 

and biomechanical reasons5. It is also a common injury 

among children and adolescents involved in sports since it 

leads to dire inconvenience regarding participation in sports 

and mobility during the day4.

A comprehensive physical examination is a necessity 

in the diagnosis and grading of severity for ankle sprains. 

Orthopedic examination usually entails palpation of the 

injured area with subsequent evaluation of swelling and 

observation of gait patterns6. The anterior drawer test 

and talar tilt test for assessment of ligament integrity are 

special tests7. Physical therapists apply other measurements 

using goniometry for the measurement of range of motion, 

dynamometry for the testing of muscle strength, and 

functional balance tests such as the Star Excursion Balance 

Test (SEBT)8. These evaluations validate the diagnosis, as 

well as aid in formulating rehabilitation strategies6.

As ankle sprains are treated differently, the initial 

management may start right away with medical treatment 

or extend to longer rehabilitation. The first management is 

usually in accordance with RICE (rest, ice, compression, 

and elevation), along with pharmacological pain measures9. 

Physiotherapy is another important treatment that 

emphasizes controlling the pain, restoring range of motion, 

and strengthening muscles using techniques like mobilization 

with movement and closed-chain exercises10. These 

methods are intended to decrease pain, enhance functional 

mobility, and restore balance. Advanced rehabilitation 

programs introduce proprioceptive training and sport-

specific drills for the prevention of recurrent injuries and 

maximum return-to-play11. Closed-kinetic-chain exercises 

(CKCE) are performed with the foot in a fixed position on a 

stable surface, thereby stimulating joint stabilization, muscle 

co-contraction, and neuromuscular control. These exercises 

aim at enhancing strength, proprioception, and dynamic 

stability, simulating daily and sport-specific activities10. The 

Mulligan concept also employs mobilization with movement 

(MWM), a hands-on method integrating therapist-assisted 

joint mobilization with active patient movement12. Also used 

widely in ankle-sprain rehabilitation, MWM is applied for the 

restoration of dorsiflexion, reduction of pain, and restoration 

of joint mechanics13.

A football player is likely to get an ankle sprain 

because the game is so high-impact, with players sprinting 

off in different directions and jumping. The purpose of this 

study was to compare the effects of CKCE and MWM 

on pain reduction, range of motion (ROM), balance, and 

Conclusion: Both groups demonstrated statistically significant improvements in pain reduction, range of motion, balance, 

and functional outcomes in footballers with ankle sprains; however, mobilization with movement was found to be more 

effective overall compared to closed kinetic chain exercise.
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functional recovery in ankle-sprained football players. 

Such a comparison would influence their effectiveness on 

the outcome, and thus help any clinician who is advising 

on individualized rehabilitation programs for optimal results 

in pain reduction, joint function restoration, and stability 

enhancement to improve athletic performance and decrease 

the possibility of reinjury. The rationale for performing CKCE 

from a perspective of joint stability and motor control, and 

MWM in the structure and function of joint mechanics, 

helps in establishing evidence-based but relevant practices 

in sports rehabilitation, thus developing the health and 

performance of football players.

Material and Methods
Study Protocol

A parallel group, assessor-blinded,  randomized 

clinical trial was used to evaluate the effects of CKCE versus 

MWM in subjects with an ankle sprain. 

The study was conducted at the Pakistan Sports 

Board and Coaching Center, Lahore, Pakistan, between 

April and Sept 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: NCT06303141) 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 Grades I or II  ankle 

sprains  presenting to the physiotherapy  outpatient 

department were recruited for this trial. A physiotherapist 

assessed the subjects. A physiotherapist diagnosed the 

ankle sprain on the basis of the patient’s medical history 

and clinical examination results, which were identified by 

subtalar and squeeze tests.

The sample size was calculated using G*Power 

3.1 software, with an effect size of 0.65, α error probability 

of 0.05, and power (1–β) of 0.80, yielding a total sample 

size of 40 participants17.  The eligibility of the subjects was 

assessed based on 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, chronic ankle injuries, contraindications 

to manual therapy, and the withdrawal of informed consent 

were the exclusion criteria. If a subject’s pain increased by 

3 points or more on the numerical pain rating scale (NPRS)  

(Baseline >3 Score) 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 8 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 CKCE (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 NPRS was used to measure the main 

outcome, with a higher score indicating more intense pain14. 
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The Functional Ankle Instability Index (IdFAI) was used 

to measure ankle disability; higher scores indicate lower 

disability15. The ankle dorsiflexion and plantar-flexion range, 

as well as the dynamic balance, were measured via the 

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 speeds16.

Interventions 

Over the course of 4 weeks, each group received 12 

treatment sessions. Every intervention was given a one-on-

one by a physiotherapist with 8 years of clinical experience 

treating musculoskeletal diseases, particularly sports injuries 

and rehabilitation, and formal training in CKCE 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 3 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 performed in extended sitting 

positions. Each set consisted of 15 repetitions. Calf muscle 

stretches were performed 5 times and held for 30 seconds 

each time17. 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 

3 on the NPRS and to resume exercise only if their pain 

returned to baseline after 5 minutes. If necessary, the 

workup settings were changed, but the type of exercise 

remained the same. 

Kinesio tape was applied at 30% to 40% tension. 

After which, in a seated posture with the foot of the injured 

ankle elevated, the patient was initiated into the ankle 

balance taping protocol, comprising 4 progressive stages 

designed to develop joint stability and mobility.

Stage One, Posterior Talar Gliding Taping: to 

start, this was intended to achieve dorsiflexion, hence the 

application of tape from the talus, looping both malleoli, and 

ending at the calcaneus. The ankle was placed in slight 

dorsiflexion throughout the application for the posterior 

glide of the talus.

Second Stage, Inversion Taping: slight inversion 

of the ankle was utilized during the second stage. The 

tape hold was just proximal to the medial malleolus at 5 

cm, directed posteriorly and inferiorly along the malleolus 

laterally, retaining it across the sole in a lateral-to-medial 

direction for inversion control.

Third stage, Eversion Taping: in cases of eversion 

taping, lateral ankle sprain eversion taping, in which there 

are 2 overlapping strips (50% overlapping), took place to 

correct the limitation of inversion. The tape began to run 

at a height of 5 cm above the lateral malleolus, going 

between the lines posteriorly and inferiorly around the 

medial malleolus, and ended up cutting across the sole 

from medial up to lateral. 

Fourth Stage, Repeated Posterior Talar Gliding 

Taping: repetitions of the posterior talar gliding technique 

completed this stage. They provided further dorsiflexion 

facilitation,  thus finalizing the complete ankle balance 

taping protocol.

This systematic procedure is beneficial for the 

maximization of the biomechanical corrections, the 

enhancement of proprioceptive feedback, and supporting a 

functional recovery mechanism for ankle instability.

In Group A, patients allocated to the CKCE 

completed 12 training sessions, divided into 4 weeks. The 

intervention consisted of 6 closed-kinetic-chain exercises (3 

sets, 10 reps each) engaged in CKCE, which emphasizes 

activities that enhance neuromuscular control, balance, and 
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stability18. This program included Calf Raises, Step-Downs, 

Balance Board Exercises, Mini Squats, Lateral Band Walks, 

Single-Leg Stance with Reach. Improving proprioceptive 

awareness and sensorimotor integration in the ankle joint 

is the goal19.

Group B participants completed the MWM test 

for ankle sprains, as detailed by Mulligan, 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 material12. The individuals were instructed to actively 

perform ankle plantar flexion and inversion to the greatest 

extent that they could without pain while this force was 

sustained. Only after the patient reached a full pain-free 

range of motion did passive overpressure to plantar flexion 

and inversion occur. In a single session, a maximum of 3 

sets of 8 repetitions were performed.

Statistical analysis 

The collected data were analysed via the Statistical 

Package for the Social Sciences (SPSS) version 25, and 

the statistical significance level was set at p-value=0.05. 

Normally distributed data were assessed via the Shapiro-

Wilk test, and parametric tests were applied for within and 

between-groups analyses.

Results
Of the participants, 44 were recruited and randomized 

into 2 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.

Table 1  Demographic characteristics

Demographic Characteristics Frequency %

Gender Male 29 72.5
Female 11 27.5

Body Mass Index Normal 36 90.0
Underweight 4 10.0

Dominant leg Right 32 80.0
Left 8 20.0

Injured Leg Right 25 62.5
Left 15 37.5

Groups M S.D.

Age (years) CKCE 21.53 2.939
MWM 22.05 2.656

Height (feet) CKCE 5.121 0.227
MWM 5.056 0.167

Weight (kg) CKCE 57.529 5.001
MWM 58.001 3.299

M=mean, S.D.=standard deviation, CKCE=closed-kinetic-chain 
exercises, MWM=mobilization with movement

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 (S.D.=2.939), 

which was slightly lower than that of the participants in the 

MWM group (mean age=22.05 years; S.D.=2.656). The 

mean height measurements were 5.121 feet (S.D.=0.227) 

for the NMT group and 5.056 feet (S.D.=0.167) for the 

MWM group. In terms of weight, the NMT group had a 

mean weight of 57.529 kg. (S.D.=5.001), whereas the 

MWM group had a mean weight of 58.001 kg (S.D.=3.299). 

These detailed demographic characteristics provide a 

comprehensive overview of the study’s participant profile, 
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which is essential for interpreting the subsequent findings 

and implications (Table 1).

The within-group analysis of Group A (closed-

chain exercise) revealed significant improvements in all 

measured outcomes from pre-test to post-test. Pain 

intensity, assessed using the Numeric Pain Rating Scale 

(NPRS), decreased from 3.9±0.89 to 2.6±0.83, with a 

mean difference of 1.3±0.06 (p-value<0.05). Range of 

motion evaluations showed an increase in dorsiflexion from 

18.7±1.44 to 21.3±1.03 (mean difference: 2.6±0.41) and 

plantarflexion from 38.8±1.7 to 42.5±3.2 (mean difference: 

3.6±1.5). Balance, measured using the SEBT, demonstrated 

a notable improvement, with scores rising from 48.9±7.36 

to 60.6±3.9, indicating a mean difference of 11.7±3.46. 

Functional performance, which was assessed using the 

impaired functional ankle instability idFAI, improved from 

44.7±4.7 to 50.2±5.07; mean difference 5.5±0.37. Thus, 

it can be said that closed-chain exercises relieve pain, 

increase range of motion, improve balance, and help 

achieve functional recovery in people who sustained an 

ankle sprain. Further support for this is derived from the 

superior performance observed in the 20-meter sprint test: 

from a completion time of 3.7±0.22 s to one of 3.14±0.7 s, 

giving a mean difference of 0.56±0.48. Therefore, closed-

chain exercises relieve pain, improve range of motion, 

improve balance, and help with functional recovery in a 

person sustaining an ankle sprain (Table 2).

The NPRS demonstrated a significant reduction 

in pain, decreasing from 4.11±1.10 to 1.5±0.77, with a 

mean difference of 2.61±0.3 (p-value<0.05). Range of 

motion showed substantial improvements, with dorsiflexion 

increasing from 9.84±1.34° to 13.95±1.1° (mean difference: 

4.1±0.2°) and plantarflexion increasing from 30.1±2.5° to 

41.11±3.0° (mean difference: 11.1±0.5°).

Dynamic balance, assessed using the SEBT, 

improved significantly, with scores rising from 48.37±7.39 

to 59.53 ± 8.19, yielding a mean difference of 11.2±0.8. 

Functional stability, evaluated using the Identification of 

IdFAI, also showed marked improvement, with scores 

increasing from 48.4±7.4 to 60.32±7.8 (mean difference: 

11.95±0.43). Performance in the 20-meter sprint test 

exhibited a minor but measurable improvement, with times 

decreasing from 3.55±0.17 seconds to 3.31±0.16 seconds, 

resulting in a mean difference of 0.24±0.01 seconds. The 

findings, therefore, imply that pain, range of motion, balance, 

functional stability, and sprint performance were improved 

significantly in Group B subjects by mobilization along with 

movement training (Table 3).

Findings from this study comparing the results of 

the CKCE treatment (Group A) and that of MWM therapy 

(Group B) are as follows: Between parties, regarding 

pain relief as measured by the NPRS, Group A followed 

by a mean difference of 1.3±0.06 and Group B, which 

had a greater mean difference of 2.61±0.3, showed a 

Table 2 group a (closed-chain exercises) pre- and post-test, within-group analysis

Outcome measures Pre-values Post-values Mean difference p-value

NPRS 3.9± 0.89 2.6±0.83 1.3±0.06 <0.05
Dorsi-flexion 18.7±1.44 21.3±1.03 2.6±0.41
Planter-flexion 38.8±1.7 42.5±3.2 3.6±1.5
SEBT 48.9±7.36 60.6±3.9 11.7±3.46
idFAI 44.7±4.7 50.2±5.07 5.5±0.37
20m Sprint test 3.7±0.22 3.14±0.17 0.56±0.05

Pain intensity assessed by NPRS=numerical pain rating scale, dorsi and planter flexion were measured in degrees, SEBT=star excursion 
balance test, IdFAI=identification of functional ankle instability, and 20 m sprint test was in seconds.
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statistically significant difference between the two groups 

(p-value<0.05). Group A also recorded a mean increase 

of 2.6±0.41 dorsiflexion and 3.6±1.5 plantarflexion, while 

Group B had much greater improvements of 4.1±0.2 and 

11.1±0.5, respectively. Both groups displayed significant 

improvements in balance, as measured by the SEBT, 

with Group A showing an increase of 11.7±3.46 and 

Group B showing 11.2±0.8, with only a small difference 

between the two (mean difference of 0.5±2.66). Functional 

performance, assessed through the idFAI scale, increased 

by 5.5±0.37 in Group A and 11.95±0.43 in Group B, with 

a significant mean difference of 6.45±0.06 favoring Group 

B. Finally, the 20-meter sprint test revealed that Group 

A had a mean improvement of 0.56±0.05, while Group B 

showed a smaller mean improvement of 0.24±0.01, with a 

significant difference of 0.3±0.04. These results highlight 

that while both interventions were effective, mobilization with 

movement showed superior outcomes in most parameters, 

particularly in range of motion and functional performance 

(Table 4).

Discussion
The present study was aimed at determining 

the effectiveness of CKCE and MWM in treating ankle 

sprains among soccer players, especially with a view to 

pain reduction, increasing ROM, improving balance, and 

functional outcomes. Upon post-treatment comparison, 

participants in the CKCE group demonstrated greater 

overall improvements across several outcome measures 

compared to the MWM group. Pain intensity, as measured 

by the NPRS, showed a more pronounced reduction in 

the CKCE group. Both groups exhibited notable gains in 

ankle range of motion, with the CKCE group demonstrating 

greater enhancement in dorsiflexion, while the MWM group 

Table 3 group b (mobilization with movement training) pre- and post-test, within-group analysis

Outcome measures Pre values Post values Mean Difference p-value

NPRS 4.11±1.10 1.5±0.77 2.61±0.3 <0.05
Dorsi-flexion 9.84±1.34 13.95±1.1 4.1±0.2
Planter-flexion 30.1±2.5 41.11±3.0 11.1±0.5
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 Sprint test 3.55±0.17 3.31±0.16 0.24±0.01

NPRS=numerical pain rating scale, SEBT=star excursion balance test, IdFAI=identification of functional ankle instability

Table 4 Comparison between group analyses

Outcome measures Closed Kinetic Chain
(Group A)

Mobilization with Movement 
(Group B)

Mean 
Difference

p-value

NPRS 1.3±0.06 2.61±0.3 1.31±0.24 <0.05
Dorsi-flexion 2.6±0.41 4.1±0.2 1.5±0.21
Planter-flexion 3.6±1.5 11.1±0.5 7.5±1.00
SEBT 11.7±3.46 11.2±0.8 0.5±2.66
IdFAI 5.5±0.37 11.95±0.43 6.45±0.06
20 m Sprint test 0.56±0.05 0.24±0.01 0.3±0.04

NPRS=numerical pain rating scale, SEBT=star excursion balance test, IdFAI=identification of functional ankle instability



Memon AG, et al.Closed-Chain Exercises Versus Mobilization with Movement in Footballers with an Ankle Sprain 

Journal of Health Science and Medical Research                                                    J Health Sci Med Res8

showed slightly superior improvement in plantarflexion. 

Balance, assessed through the SEBT, improved markedly 

in the CKCE group, indicating its stronger effect on postural 

control. Similarly, functional stability, evaluated using the 

impaired functional ankle instability scale, improved in both 

groups, with the CKCE group achieving more substantial 

gains. Sprint performance also benefitted both interventions; 

however, the CKCE group achieved a greater reduction in 

sprint time compared to the MWM group, highlighting its 

advantage in enhancing speed and agility. In summary, both 

techniques were effective in pain reduction, improvement 

of ROM, balance, and functional outcome, but in these 

regards, CKCE works better in balance and functional 

stability, while MWM seemed to excel in improving range 

of motion and pain reduction.

The outcome supported the earlier literature findings 

regarding the role of MWM in addressing joint restrictions and 

preparedness for mobilization for biomechanical realignment 

to bring forth greater improvement in range of motion and 

neuromuscular coordination20. Although CKCE has its 

benefits in terms of pain relief and sprint performance, due to 

the focus on joint stability while co-contracting muscles, the 

intensive performance of the MWM test implied that these 

gains were melting for broader efficacy against functional 

impairments and dynamic balance.

Hudson et al. describe the significantly reduced pain 

in the affected ankle after 9 sessions of CKCE for grade 2 

lateral ankle sprains21. CKCE is effective in musculoskeletal 

pain conditions, such as low back and neck pain, chronic 

musculoskeletal pain in older people, chronic pain after 

primary total knee arthroplasty22, and knee osteoarthritis23. 

These exercises are especially good for enhancing the 

stability of joints for neuromuscular control and improving 

functional patterns of motor control.

Likewise, the MWM technique has been highly 

successful in managing pain and improving function in a 

wide range of musculoskeletal conditions. Cruz-Díaz et al., 

Marron-Gomez et al., and Vicenzino et al. all showed very 

substantial improvement post-MWM with respect to ROM 

and pain relief, especially for ankle sprains and chronic 

ankle instability24. However, Gilbreath et al. mentioned 

that MWM does not produce remarkable changes in ROM 

after treatment for chronic ankle sprains, indicating the 

need to keep in mind the mobilization technique, therapist 

experience, and treatment duration while determining 

optimal results25. People must carry out multimodal active 

exercises, including CKCE-MWM, for such conditions in 

the framework of pain management known as “exercise-

induced hypoalgesia”. Both CKCE and MWM have been 

examined for reducing pain sensitivity, as well as improving 

ROM, balance, and overall functional capacity26, most 

probably by pathways that involve a reduction in nociceptive 

stimulus sensitivity and the activation of endogenous 

analgesic pathways27. Research conducted by Collins et al. 

(2004) stated that compression or thermal pain shows poor 

improvements even after a single session of treatment with 

CKCE or MWM for similar injuries; it implies that the timing of 

the treatment,  the type of pain, and the intervention dosage 

become important factors for the final outcome achieved28.

ROM of the ankle is, as a general rule, not preserved 

in individuals suffering from ankle instability. This highlights 

the importance of rehabilitation interventions aimed at 

restoring ROM and functional capacity. One study strongly 

recommends that CKCE should be included in rehabilitation 

protocols for athletes who have suffered ankle sprains, 

emphasizing their efficacy in improving ROM and functional 

performance in patients with chronic ankle instability 29. 

Indeed, these findings are comparable to those reported 

by Cruz-Díaz et al., Marron-Gomez et al., and Vicenzino 

et al., where significant improvements in ROM were also 

noted following MWM sessions30. However, Gilbreath et 

al. observed no significant changes in ROM after MWM 

treatment for chronic ankle sprains, highlighting the role 

of mobilization methods, dosage, and therapist expertise 
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in determining outcomes31. Similarly, incorporating CKCE 

and MWM as complementary approaches may provide 

synergistic benefits for improving ROM and functional 

capacity in chronic ankle instability patients.

Functional ankle instability is frequently associated 

with impaired balance and recurrent sprains, which can 

significantly impact an individual’s functional performance 

and quality of life. Consistent with prior research, our study 

demonstrated significant improvements in balance following 

interventions using both CKCE and MWM10,12. These findings 

align with contemporary literature emphasizing the efficacy 

of exercise-based interventions in enhancing proprioceptive 

control and neuromuscular stability in individuals with chronic 

ankle instability.

CKCE has been widely recognized for its role in 

improving dynamic stability through muscle co-contraction, 

joint stabilization, and enhanced proprioception32. Exercises 

that work on the kinetic chain not only strengthen the 

musculature around the joint, but they also function much 

better in terms of coordination, which is essential to 

balance10. The SEBT used for this study was said to provide 

a high level of dynamic balance measure, with significant 

improvements seen in participants with ankle mobilization. 

This supports what is said in the literature, where the 

sensitivity of SEBT was shown to detect balance deficits 

and improvements after rehabilitation concerning individuals 

with ankle instability. MWM has also been confirmed to 

produce both immediate and long-term benefits to balance 

and functional performance. Research documented the 

positive effects of MWM for balance amongst older adults; 

hence, it can play a key role in fall prevention and promoting 

better functional independence33. Again, another study 

showed that MWM reduces the proprioceptive deficits 

effectively and enhances the postural control to reduce the 

risk of recurrent sprains. These improvements in balance, 

evident with both interventions, support the sensorimotor 

integration principle, whereby the interaction of mechanical 

realignment through MWM34 and neuromuscular activation 

through CKCE worked to improve both joint stability and 

dynamic balance10. These findings emphasize the rationale 

for integrating CKCE and MWM into the rehabilitation policy 

as a multimodal intervention for the multifactorial deficits 

posed by functional ankle instability.

Subjective sensations of instability are a hallmark 

feature of individuals with chronic ankle instability, as 

commonly observed in cases of idFAI. Exercises involving 

the kinetic chain not only allow for the stabilization of the 

musculature around the joint, but they also promote much 

better coordination regarding balance10, which is essential. 

The SEBT utilized for this study was said to render a very 

good measure of dynamic balance, where highly significant 

improvements were observed with those who received 

ankle mobilization. The literature alludes to the fact that 

SEBT is sensitive enough to detect balance deficits and 

their improvement post-rehabilitation in persons with ankle 

instability. The immediate and long-lasting benefits of MWM 

on balance and functional performance have also been 

established. The positive MWM effect on balance among 

older adults was studied, and thus can play a major role in 

fall prevention and better functional independence35. MWM 

was another study-supported technique for proprioceptive 

deficit reduction and postural improvement to minimize 

the risk of recurrence due to sprains. Conversely, the 

improvement in balance with both interventions supports 

the integration of sensors and motor systems, wherein the 

mechanical realignment via MWM36 and the neuromuscular 

activation via CKCE combine to enhance joint stability and 

dynamic balance10. These findings emphasize the rationale 

behind the integration into rehabilitation policy for CKCE 

and MWM as a multi-modal intervention for multifactorial 

deficits due to functional ankle instability.

The observed improvements underscore the 

importance of integrating evidence-based multimodal 

interventions in clinical practice to address the complex 



Memon AG, et al.Closed-Chain Exercises Versus Mobilization with Movement in Footballers with an Ankle Sprain 

Journal of Health Science and Medical Research                                                    J Health Sci Med Res10

interplay of the mechanical, neurological, and functional 

deficits characteristic of idFAI. These findings add to the 

growing body of literature advocating for individualized, 

comprehensive rehabilitation protocols tailored to the needs 

of patients with chronic ankle instability.

The CKCE programs altogether aim to strengthen 

muscles, improve coordination, and work on general athletic 

fitness concerning functional movement patterns and the 

stabilization of joints. If we rely on research, then it has 

been found that CKCE programs significantly improve 

sprint performance, with the findings of an 8-week protocol 

whereby 20-m sprint times, measurable, were lowered by 

young athletes37. These improvements resulted from the 

elevation of neuromuscular control, improved proprioception, 

and increased muscle power, all of which are fundamental in 

performing explosive-type activities such as sprinting. CKCE 

exercises, including squats, lunges, and step-ups, involve 

a number of muscles and help increase intermuscular 

coordination; thereby, leading to better results in athletics10. 

Conversely, MWM refers to the combination of manual 

techniques with active movement in the restoration of joint 

mobility and pain reduction. Although MWM is primarily 

aimed at increasing the range of motion of the joint and 

decreasing pain, the effects it may have on sprint speed 

need to be scrutinized12. The literature supports MWM in the 

enhancement of ankle dorsiflexion and the improvement of 

joint function, both of which are vital to sprint mechanics38,39. 

MWM may help with sprint times by relieving joint restrictions 

below, thus promoting the biomechanical alignment of the 

lower extremity, increasing the transmission of force, and 

improving stride efficiency39.

The opposing effects of CKCE and MWM suggest that 

their joint application may maximize athletic performance, 

especially in activities where explosive lower limb power 

integrates with very precise neuromuscular control. This 

integrated approach adheres to evidence-based practice 

and supports multidimensional training and rehabilitation 

approaches intended to optimize functional and athletic 

results.

The findings of this study highlight the clinical value 

of both CKCE and MWM in the rehabilitation of athletes 

with ankle sprains. CKCE is particularly advantageous for 

improving dynamic balance, functional stability, and sprint 

performance, making it ideal for return-to-sport conditioning. 

MWM offers superior benefits for pain reduction and range 

of motion, supporting its role in the early phases of 

rehabilitation to restore joint mobility and relieve discomfort. 

Incorporating both techniques within a multimodal program 

can address the mechanical, neuromuscular, and functional 

deficits associated with ankle injuries, thereby optimizing 

recovery, reducing recurrence risk, and enhancing athletic 

performance.

Conclusion
Both CKCE and MWM are effective rehabilitation 

options for football players with ankle sprains. MWM had 

better results for gaining range of motion, balance, and 

functional stability, while CKCE was deemed more effective 

for pain relief and increasing speed performance. This 

study shows the significance of a multimodal approach in 

optimizing rehabilitation outcomes for athletes with ankle 

sprains. This study’s generalizability is limited by its small 

sample size, short follow-up, and reliance on clinical rather 

than biomechanical assessments. Future research should 

involve larger, more diverse cohorts, employ advanced 

tools, such as motion capture and force plate analysis, 

and assess long-term outcomes. Investigating a combined 

CKCE–MWM approach may further optimize rehabilitation 

for sports-related ankle injuries.

Conflict of interest
No conflict of interest. 



Journal of Health Science and Medical Research                                                   J Health Sci Med Res11

Memon AG, et al.Closed-Chain Exercises Versus Mobilization with Movement in Footballers with an Ankle Sprain

References
1.	 Coelho-Oliveira AC, Taiar R, Pessanha-Freitas J, Reis-Silva 

A, Ferreira-Souza LF, Jaques-Albuquerque LT, et al. Effects 

of whole-body vibration exercise on athletes with ankle 

instability: a systematic review. Int J Environ Res Public Health 

2023;20:4522.

2.	 Hou Q. Biomechanics of the Ankle: Exploring Structure, 

Function, and Injury Mechanisms. Stud Sports Sci Phys Educ 

2023;1:1-6.

3.	 Davis AC, Emptage NP, Pounds D, Woo D, Sallis R, Romero 

MG, Sharp AL. The effectiveness of neuromuscular warmups 

for lower extremity injury prevention in basketball: a systematic 

review. Sports Medicine-Open 2021;7:1-4.

4.	 de Azevedo Sodré Silva A, Sassi LB, Martins TB, de Menezes 

FS, Migliorini F, Maffulli N, Okubo R. Epidemiology of injuries 

in young volleyball athletes: a systematic review. J Ortho Surg 

Res 2023;18:748.

5.	 Gianakos AL, Hartman H, Kerkhoffs GM, Calder J, Kennedy 

JG. Sex differences in biomechanical properties of the Achilles 

tendon may predispose men to higher risk of injury: a systematic 

review. J ISAKOS 2024;9:184-91.

6.	 Flore Z, Hambly K, De Coninck K, Welsch G. A Rehabilitation 

Algorithm After Lateral Ankle Sprains in Professional Football 

(Soccer): An approach based on clinical practice guidelines. 

Int J Sports Phys Ther 2024;19:910.

7.	 Obionu K, Palm H, Astrup Y, Lange NB, Krogsgaard MR. A 

clinical guide to the medial ligaments of the ankle: Anatomy, 

function, diagnosis of injuries and treatment of instability-a 

narrative review. J Foot Ankle Surg 2024;30:85-91.

8.	 Wang L, Yu G, Zhang X, Wang YZ, Chen YP. Relationship 

between ankle pain, range of motion, strength and balance in 

individuals with functional ankle instability: a cross-sectional 

study. BMC Musculoskeletal Disorders. 2023;24:955.

9.	 Wagemans J, Bleakley C, Taeymans J, Kuppens K, Schurz 

AP, Baur H, Vissers D. Rehabilitation strategies for lateral ankle 

sprain do not reflect established mechanisms of re-injury: A 

systematic review. Phys Ther Sport 2023;60:75-83.

10.	 Pamboris GM, Pavlou K, Paraskevopoulos E, Mohagheghi 

AA. Effect of open vs. closed kinetic chain exercises in ACL 

rehabilitation on knee joint pain, laxity, extensor muscles 

strength, and function: a systematic review with meta-analysis. 

Frontiers in Sports and Active Living 2024;6:1416690.

11.	 Cools AM, Maenhout AG, Vanderstukken F, Declève P, 

Johansson FR, Borms D. The challenge of the sporting shoulder: 

From injury prevention through sport-specific rehabilitation 

toward return to play. Ann Phys Rehabil Med 2021;64:101384.

12.	Yan H, Zhao P, Guo X, Zhou X. The effects of Core Stability 

Exercises and Mulligan’s mobilization with movement techniques 

on sacroiliac joint dysfunction. Front Physiol 2024;15:1337754.

13.	 Xu Z, Xiao S, Shen B, Zhang C, Zhan J, Li J, Li J, Zhou J, 

Fu W. Gray Matter Volumes Mediate the Relationship Between 

Disease Duration and Balance Control Performance in Chronic 

Ankle Instability. Scand J Med Sci Sports 2024;34:e14725.

14.	 da Silva Ranzatto AD, Chaves TC, Martins MN, Motta DP, 

Nogueira LC, Meziat-Filho N, Reis FJ. Pain intensity scales: 

A cross-sectional study on the preferences and knowledge of 

physiotherapists and participants with musculoskeletal pain. 

Musculoskelet Sci Pract 2024;73:103162.

15.	Goulart Neto AM, Maffulli N, Migliorini F, de Menezes FS, Okubo 

R. Validation of Foot and Ankle Ability Measure (FAAM) and 

the Foot and Ankle Outcome Score (FAOS) in individuals with 

chronic ankle instability: a cross-sectional observational study. 

J Orthop Surg Res 2022;17:38.

16.	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. Clin Rehabil 2021;35:1694-709.

17.	 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. J Clin Med 2022;11:4925.

18.	 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 J Sport Exerc Health Res 2021;5:76-82.

19.	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. Int J Environ Res Public Health 2021;18:5269. 

20.	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. 

J Man Manip Ther 2021;29:341-52.  



Memon AG, et al.Closed-Chain Exercises Versus Mobilization with Movement in Footballers with an Ankle Sprain 

Journal of Health Science and Medical Research                                                    J Health Sci Med Res12

21.	Memon AG, Chandran SP, Zakir T, Sulaman M. Effects of 

Neuromuscular Training with and Without Kinesio-Tape on 

pain, range of motion, balance and function in footballer with 

ankle sprain. J Liaquat Univ Med Health Sci 2025;24:38-44. 

22.	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;9:1–9. 

23.	Balthazard L, Wolfe D, Fortin M. Effect of neuromuscular 

electrical stimulation therapy using the StimaWELL 120MTRS 

system on erector spinae morphology in patients with chronic 

low back pain. Front Musculoskelet Disord 2023;1:1240331. 

24.	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;21:218. 

25.	Holm PM, Petersen KK, Wernbom M, Schrøder HM, 

Arendt-Nielsen L, Skou ST. Strength training in addition to 

neuromuscular exercise and education in individuals with knee 

osteoarthritis—the effects on pain and sensitization. Eur J Pain 

2021;25:1898–911.

26.	Tomschi F, Ransmann P, Schmidt A, Hilberg T. Exercise 

induced hypoalgesia after a high intensity functional training: a 

randomized controlled crossover study. BMC Sports Sci Med 

Rehabil 2024;16:182. 

27.	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. Phys Ther Sport 

2020;41:34-42. 

28.	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. J Bodyw Mov Ther 2021;27:654-60. 

29.	Tang F, Xiang M, Yin S, Li X, Gao P. Meta-analysis of the 

dosage of balance training on ankle function and dynamic 

balance ability in patients with chronic ankle instability. BMC 

Musculoskeletal Disorders 2024;25:689.

30.	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. J Sport 

Rehabil 2020;30:347-52.

31.	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 Undergrad Res J 2022;4:4. 

32.	Bashir M, Hucheng M, Geok SK, Akbar S, Zhang D. Enhancing 

physical fitness in elite field hockey players with a twelve-week 

functional training program: a cluster randomized control trial. 

J Sports Sci Med 2024;23:628.

33.	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. J Geriatric Phys Ther 2020;43:3-11. 

34.	Caldemeyer LE, Brown SM, Mulcahey MK. Neuromuscular 

training for the prevention of ankle sprains in female athletes: 

a systematic review. Phys Sportsmed 2020;48:363-9.

35.	ElMeligie MM, Abdeen HA, Atef H, Marques-Sule E, Karkosha 

RN. The effectiveness of mulligan mobilization with movement 

(MWM) on outcomes of patients with ankle sprain: a systematic 

review and meta-analysis. BMC Sports Sci Med Rehabil 

2025;17:105. 

36.	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. Front 

Physiol 2022;13:831248.

37.	Mohammadi A, Sakhtemani SE, Trimmel L, Petricsevics K, 

Makai A, Zsenak I, Melczer C, Tardi PS. Investigating the 

combined effects of fascial distortion model manual therapy 

and balance–strength training in individuals with chronic ankle 

instability. Sports 2024;12:33.

38.	Li LL, Hu XJ, Di YH, Jiao W. Effectiveness of Maitland and 

Mulligan mobilization methods for adults with knee osteoarthritis: 

A systematic review and meta-analysis. World J Clin Cases 

2022;10:954. 

39.	Wu SY, Tsai YH, Wang YT, Chang WD, Lee CL, Kuo CE, 

Chang NJ. Acute effects of tissue flossing coupled with functional 

movements on knee range of motion, static balance, in single-

leg hop distance, and landing stabilization performance in female 

college students. Int J Environ Res Pub Health 2022;19:1427.


