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A B S T R A C T  
 

Background: Ankle sprains are one of the most common musculoskeletal injuries in 

athletes and are caused mainly by inversion during dynamic movement, change of 

direction, and jump. The injuries predominantly affect the lateral ligament complex, 

with emphasis on the anterior talofibular ligament 

Objective: To determine the effects of neuromuscular training versus closed kinetic 

exercise on pain, range of motion, balance, and function in athletes with ankle 

sprain. 

Methodology: This RCT compared Neuromuscular training (NMT) to Closed Chain 

exercises (CKC) in 40 athletes with acute grade I-II ankle sprains. Participants were 

randomly assigned to the group that got either CKC exercises (n=20) or 

neuromuscular training (n=20), 3×/week for 4 weeks. Outcomes measured were 

pain (Numerical Pain Rating Scale NPRS), range of motion (goniometer), balance 

(Star Excursion Balance Test), and function (Functional Ankle Ability Measure 

FAAM), with statistical analyses performed using t-tests (p<0.05). (CTR: 

NCT06198270 

Results: Statistically significant improvement occurred in pain, balance, ROM, and 

function for 2 groups (p<0.001). Pain reduction was better in the KT group (1.3±0.17 

vs. 3.6±0.67), along with superior ROM gains on dorsiflexion (3.7°±1.8° vs. 

2.5°±1.4°), on plantarflexion (6.8°±2.4° vs. 3.7°±2.2°), balance (20.6cm±3.7cm vs. 

11.7cm±3.0cm SEBT), and function (16.9%±3.4% vs. 5.5%±1.7% FAAM-S) 

compared with the CKC group (all p<0.001). Hence, neuromuscular training was 

more effective than CKC exercises for some clinical variables. 

Conclusion: Given that both therapies brought great improvements in pain, ROM, 

balance, and functional outcomes, those patients undergoing neuromuscular training 

were, in fact, more effective than the other groups, especially in improving balance 

and functional activities. 

Keywords: Athletes, Closed Kinetic Chain Exercise, Functional Disability, 

Neuromuscular Training 
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I n t r o d u c t i o n  
Ankle sprains are one of the most common 

musculoskeletal injuries in athletes and are caused mainly by 

inversion during dynamic movement, change of direction, 

and jump.1 The injuries predominantly affect the lateral 

ligament complex, with emphasis on the anterior talofibular 

ligament.2 Confirmed risk factors include prior sprains, 

neuromuscular deficits, proprioception deficits, muscular 

weakness, wrong footwear, and uneven playing surfaces, 

while other contributing factors in this vein are sex, joint 

laxity, and foot morphology.3  

This injury claims for about 15-20% of all sport-related 

trauma, as ligaments are stretched to the extent of their 

biomechanical requirements in the field of football.4 Far from 

being recurrent in the instances of sprains for 70% of the 

injured athletes, it is mostly due to improper rehabilitation 

processes or ongoing instability.5 Lateral ankle sprains 

account for more than 80% of injuries sustained by athletes, 

with 25-40% recurring within one year, calling forth the 

glancing attention to bona-fide rehabilitation approaches.5 

The clinical assessment of ankle sprains includes a 

thorough history, consideration of swelling and bruising, and 

palpation of the Anterior Talofibular Ligament (ATFL), the 

calcaneofibular ligament (CFL), and distal fibula to identify 

tenderness.6 Special tests such as the anterior drawer test 

(to check ATFL integrity) and the talar tilt test (to check CFL 

involvement) help determine the severity of the injury.7 The 

Ottawa Ankle Rules indicate whether to proceed with 

radiographic imaging to exclude fractures. Functional tests 

such as the Star Excursion Balance Test (SEBT) and single-

leg stance help assess proprioception and dynamic stability.8 

Pain intensity is scored with the Numeric Pain Rating Scale 

(NPRS), while functional limitation is measured by the Foot 

and Ankle Ability Measure (FAAM).9 

Acute management follows the POLICE principle to 

minimize swelling and pain: Protection, Optimal Loading, Ice, 

Compression, and Elevation. In the subacute stage, 

rehabilitation involves regaining range of motion (ROM), 

strength, and neuromuscular control.10 Traditionally, closed 

kinetic chain exercises (CCE) such as squats and lunges are 

used to promote joint stability via co-contraction.11 

Neuromuscular training (NMT) consisting of proprioceptive 

exercises, balance perturbations, and sport-specific 

movements has gained popularity in recent times because it 

improves dynamic stability and decreases the return-to-injury 

incidence.12 Options such as Kinesio taping may be applied 

for augmenting proprioceptive feedback. 

NMT is aimed at sensorimotor control with dynamic 

balance training (e.g., wobble boards, single-leg hops) that 

enhances proprioceptive acuity and muscle activation 

timing.13 In comparison, CCE (e.g., leg presses, step-ups) is 

aimed primarily at strength and endurance with weight-

bearing exercises. While CCE improves periarticular muscle 

strength, NMT addresses impairments in neuromuscular 

coordination—a primary determinant of recurrent sprains.14 

There is increasing evidence that NMT is better at restoring 

functional performance and decreasing reinjury, yet direct 

comparison in athletes is limited. The aim of this study is to 

directly compare their efficacy in pain, joint mobility, balance, 

and functional recovery.15 Ankle sprains are very common in 

athletes, with high reinjury rates necessitating the 

rehabilitation process to be optimized. 

This study compares closed-chain exercises (CCE) and 

neuromuscular training (NMT) for their effectiveness in 

improving pain, range of motion, balance, and functional 

return in athletes with acute lateral ankle sprains. Through 

randomized controlled trial research, we compare the effects 

of these interventions on clinical and functional measures. 

The findings provide evidence-based guidance for sports 

medicine practitioners in managing this common injury. This 

research bridges a significant gap in sport-specific 

rehabilitation protocols for athletes. 

M e t h o d o l o g y  

The randomized controlled trial was carried out at the 

Pakistan Sports Board, Lahore, from March to August 2023, 

with the objective of determining the efficacy of two different 

rehabilitation methods to acute ankle sprain in athletes. The 

study protocol was duly registered on ClinicalTrials.gov 

(Identifier: NCT06198270) and was ethically approved by the 

Research Ethics Committee of Lincoln University Malaysia. 

All participants gave written informed consent after receiving 

detailed information regarding the methods employed in the 

study, risks, and benefits. Confidentiality measures were 

rigorous to ensure protection of participant data during the 

study duration. 

Thirty players aged 18-30 years were selected on the 

basis of non-probability convenience sampling. Participants 

had a minimum of one year of competition experience and a 

15-20 hour per week training schedule. Inclusion criteria 

required a clinical grade I or II lateral ankle sprain diagnosis 

confirmed through standardized orthopedic tests like 

Squeeze Test and Talar Tilt Test.16 Exclusion criteria 

included history of ankle surgery, fracture, or chronic 

instability with greater than three recurrent sprains. 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 participants.17 

Individuals who met the inclusion criteria were randomly 
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assigned to either a control group (n=20) to receive closed 

kinetic chain exercises or an experimental group (n=20) to 

receive neuromuscular training. 

Outcome Measures: Outcome measures were taken at 

baseline and following the four-week severity was quantified 

via the Numeric Rating Scale (0-10), where increased scores 

reflected increased pain severity.17 Moreover, Ankle range of 

motion was quantified in terms of standard goniometry for 

weight-bearing dorsiflexion and non-weight-bearing 

plantarflexion.18 Dynamic balance was quantified via the Star 

Excursion Balance Test conducted in three directions: 

anterior, posteromedial, and posterolateral. Functional 

performance was assessed through timed 20-meter sprints 

run on an indoor artificial surface.19 

Intervention Protocols: The control group did a progressive 

closed kinetic chain exercise program that included squats 

(0-30° knee flexion), multiplanar lunges, bilateral-to-unilateral 

leg presses at 60-80% of their one-repetition maximum, and 

step-ups on boxes 10-30 cm. The subjects did these 

exercises in 3-5 sets of 8-12 repetitions, with 90-second rest 

intervals between sets. The experimental group received a 

neuromuscular training program consisting of single-leg 

standing on various surfaces, dynamic calf raises, heel-to-toe 

walking patterns, and balance board training designed to 

enhance proprioceptive awareness and neuromuscular 

control. 

Following each intervention session, participants' 

affected ankles were taped with Kinesio tape by licensed 

physiotherapists using a four-step protocol with 30-40% 

tension in a sitting position with the feet elevated. The first 

step was posterior talar gliding taping to facilitate dorsiflexion 

with the tape being applied from the talus, around both 

malleoli, to the calcaneus with the ankle in slight dorsiflexion. 

Phase two was inversion taping, applied 5 cm superior to the 

medial malleolus and twisting posteriorly and inferiorly 

around the lateral malleolus prior to crossing the sole laterally 

to medially in the presence of the ankle in a slight inversion 

position. The taping for eversion was applied twice with 50% 

overlap starting 5 cm above the lateral malleolus, going 

behind and underneath the medial malleolus, and curving 

medially to laterally under the sole to address restricted 

inversion caused by lateral ankle sprains. Taping was 

completed with the posterior talar gliding taping being 

repeated in order to continue to enhance dorsiflexion.20 All 

interventions were performed by KT-certified therapists who 

accomplished skin preparation, uniform tape tension, and 

proper anatomical alignment, and participants were 

instructed to leave the tape on between sessions while 

monitoring skin integrity and tape adhesion. 

Statistical Analysis:  Statistical analysis was completed with 

the aid of SPSS version 23, and a significance level of p < 

0.05 was considered. The Shapiro-Wilk test ascertained that 

all outcome measures were normally distributed due to 

which, parametric statistical tests were applied. Hence, 

Paired-t test for intra-group and independent-t test for 

between group comparisons were utilized. 

 
Figure 1: CONSORT Flow Diagram 

 

R e s u l t s  

The general demographic features of the study 

participants are explained in Table 1. The study population 

consisted of 40 sportspersons equally distributed into the 

Closed Chain Exercise (Group A, n=20) and Neuromuscular 

Training (Group B, n=20) interventions. The age composition 

was comparable in both groups, with Group A presenting a 

mean age of 21.5±3.11 years and Group B presenting a 

mean age of 22.27±2.58 years. Anthropometric 

measurements revealed no group difference in weight 

(Group A: 61.0±9.99 kg; Group B: 62.67±4.42 kg) and height 

(Group A: 5.57±0.29 feet; Group B: 5.65±0.30 feet).  

In terms of gender, the majority of participants were 

male, with 70% in Group A and 75% in Group B, while 

females comprised 30% and 25%, respectively. Regarding 

body mass index (BMI), the majority fell within the normal 

weight category—85% in Group A and 95% in Group B. A 

small proportion was underweight, comprising 15% in Group 

A and 5% in Group B. For leg dominance, the right leg was 

dominant in most participants, reported by 80% in Group A 

and 90% in Group B, whereas the left leg was dominant in 

20% and 10% of participants, respectively. Concerning the 

injured leg, right leg injuries were more prevalent in both 
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groups (60% in Group A and 70% in Group B), while left leg 

injuries accounted for 40% and 30%, respectively. 

In Group A, there were significant improvements in all 

the outcomes that were measured following the intervention. 

Pain severity, assessed using the Numerical Pain Rating 

Scale (NPRS), was reduced from a pre-intervention level of 

3.9 ± 0.89 to 2.6 ± 0.83 following the intervention, with a 

mean difference of 1.3 ± 0.03 (p < 0.05). Range of motion 

(ROM) of the ankle improved significantly; that is, dorsiflexion 

from 18.7 ± 1.44° to 21.3 ± 1.03° (mean difference 

2.5 ± 0.41°, p < 0.05), and plantarflexion from 38.8 ± 1.7° to 

42.5 ± 3.2° (mean difference 3.7 ± 2.5°, p < 0.05). Dynamic 

balance, as indicated by the Star Excursion Balance Test 

(SEBT), also increased from a mean score of 48.9 ± 7.36 to 

60.6 ± 3.9, with a mean difference of 11.7 ± 3.46 (p < 0.05). 

Also, the functional performance assessment with the Foot 

and Ankle Ability Measure (FAAM) Sports Subscale indicated 

an increase from 44.7 ± 4.7 to 50.2 ± 5.07, with the mean 

difference being statistically significant, 5.47 ± 0.37 

(p < 0.05). The results demonstrate that the intervention 

protocol employed for Group A enhanced pain relief, joint 

mobility, balance, and functional capacity significantly. 

In Group B, the intervention yielded statistically 

significant results in all the outcomes that were measured. 

The pain severity, as assessed by the Numerical Pain Rating 

Scale (NPRS), was significantly decreased from the pre-

intervention mean of 4.6 ± 0.97 to 1.0 ± 0.76 following the 

intervention, with a mean difference of 3.6 ± 0.21 (p < 0.05). 

Range of motion (ROM) for ankle dorsiflexion improved from 

19.9 ± 1.3° to 23.6 ± 1.84°, corresponding to a mean 

difference of 3.7 ± 0.54° (p < 0.05). Further, the ROM for 

plantarflexion improved, from 38.1 ± 2.55° to 44.9 ± 2.87°, 

providing a mean difference of 6.8 ± 0.32° (p < 0.05). 

Balance, as measured using the Star Excursion Balance Test 

(SEBT), was also significantly improved from 46.3 ± 6.65 to 

66.9 ± 5.4, providing a mean difference of 20.6 ± 1.25 

(p < 0.05). The functional performance, as quantified by the 

Foot and Ankle Ability Measure (FAAM) Sports Subscale, 

increased from 45.5 ± 6.1 to 62.3 ± 7.5, a statistically 

significant mean difference of 16.87 ± 1.4 (p < 0.05). The 

results indicate that treatment in Group B produced notable 

enhancement in pain reduction, ankle dorsiflexion, dynamic 

balance, and general functional sports performance. 

Between-group analysis demonstrated statistically 

significant differences in all outcomes measures, suggesting 

that Group B had higher effects than Group A. Pain severity, 

assessed by the Numerical Pain Rating Scale (NPRS), 

demonstrated significantly more improvement in Group B 

(mean difference: 3.6 ± 0.21) when compared with Group A 

(mean difference: 1.3 ± 0.03), with a between-groups mean 

difference of 2.3 ± 0.18 (p < 0.05). As for ankle range of 

motion (ROM), dorsiflexion increased more in Group B 

(3.7 ± 0.54°) than in Group A (2.5 ± 0.41°), with a mean 

difference between groups of 1.2 ± 0.13° (p < 0.05). 

Likewise, there was a greater increase in plantarflexion in 

Group B (6.8 ± 0.32°) than in Group A (3.7 ± 2.5°), with a 

resulting statistically significant mean difference between 

groups of 3.1 ± 2.18° (p < 0.05). Balance, as measured using 

the Star Excursion Balance Test (SEBT), exhibited a higher 

improvement in Group B (20.6 ± 1.25) than in Group A 

(11.7 ± 3.46), with a between-group difference of 8.9 ± 2.21 

(p < 0.05). Functional ability, as measured using the Foot and 

Ankle Ability Measure (FAAM) Sports Subscale, revealed a 

significantly greater improvement in Group B (16.87 ± 1.4) 

than in Group A (5.47 ± 0.37), with a between-group mean 

difference of 11.4 ± 1.03 (p < 0.05). The results indicate that 

the treatment provided to Group B was more efficient in 

decreasing pain and improving ankle mobility, dynamic 

balance, and functional ability compared to the treatment 

given to Group A. 

Table 1. Baseline demographic characteristics of study participants in intervention group 

Demographic Characteristics Closed Chain Exercise (Group A) (n=20) Neuromuscular Training (Group B) (n=20) 

Age (years) 21.5 ± 3.11 22.27 ± 2.58 

Weight (kg) 61.0 ± 9.99 62.67 ± 4.42 

Height (feet) 5.57 ± 0.29 5.65 ± 0.30 

Gender, n (%) 

Male 14 (70%) 15 (75%) 

Female 6 (30%) 5 (25%) 

BMI Category, n (%) 

Normal 17 (85%) 19 (95%) 

Underweight 3 (15%) 1 (05%) 

Dominant Leg, n (%) 

Right 16 (80%) 18 (90%) 

Left 4 (20%) 2 (10%) 

Injured Leg, n (%) 

Right 12 (60%) 14 (70%) 

Left 8 (40%) 6 (30.6%) 
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Table 2: Group A – Pre and Post Intervention Analysis 

Tool/Outcomes Parameters Mean ± SD Mean Difference ± SD p-value 

NPRS (Pain) 
Pre 3.9 ± 0.89 

1.3 ± 0.03 <0.05 
Post 2.6 ± 0.83 

ROM 

Dorsiflexion Pre 18.7 ± 1.44 
2.5 ± 0.41 <0.05 

Dorsiflexion Post 21.3 ± 1.03 

Plantar-flexion Pre 38.8 ± 1.7 
3.7 ± 2.5 <0.05 

Plantar-flexion Post 42.5 ± 3.2 

SEBT (Balance) 
Pre 48.9 ± 7.36 

11.7 ± 3.46 <0.05 
Post 60.6 ± 3.9 

FAAM (Sports 
Subscale) 

Pre 44.7 ± 4.7 
5.47 ± 0.37 <0.05 Post 50.2 ± 5.07 

NPRS= Numerical Pain Rating Scale, ROM= Range of Motion, SEBT=Star Excursion Balance Test, FAAM= Foot and Ankle Ability Measure, Sports subscale 
 

Table 3: Group A – Pre and Post Intervention Analysis 

Tool/Outcomes Parameters Mean ± SD Mean Difference ± SD p-value 

NPRS (Pain) 
Pre 4.6 ± 0.97 

3.6 ± 0.21 <0.05 
Post 1.0 ± 0.76 

ROM 

Dorsiflexion Pre 19.9 ± 1.3 
3.7 ± 0.54 <0.05 

Dorsiflexion Post 23.6 ± 1.84 

Plantarflexion Pre 38.1 ± 2.55 
6.8 ± 0.32 <0.05 

Plantarflexion Post 44.9 ± 2.87 

SEBT (Balance) 
Pre 46.3 ± 6.65 

20.6 ± 1.25 <0.05 
Post 66.9 ± 5.4 

FAAM (Sports Subscale) 
Pre 45.5 ± 6.1 

16.87 ± 1.4 <0.05 
Post 62.3 ± 7.5 

 

Table 4: Between-Group Analysis (Group A vs Group B) 

Tool/Outcomes 
Mean Difference 
(Group A) ± SD 

Mean Difference 
(Group B) ± SD 

Between Group Mean 
Difference ± SD 

p-value 

NPRS (Pain) 1.3 ± 0.03 3.6 ± 0.21 2.3 ± 0.18 <0.05 

ROM – Dorsiflexion 2.5 ± 0.41 3.7 ± 0.54 1.2 ± 0.13 <0.05 

ROM – Plantarflexion 3.7 ± 2.5 6.8 ± 0.32 3.1 ± 2.18 <0.05 

SEBT (Balance) 11.7 ± 3.46 20.6 ± 1.25 8.9 ± 2.21 <0.05 

FAAM – Sports Subscale 5.47 ± 0.37 16.87 ± 1.4 11.4 ± 1.03 <0.05 
 

D i s c u s s i o n  

This study explored how neuromuscular training and 

closed kinetic chain exercises impact pain, joint movement, 

balance, and functional performance in athletes with ankle 

sprains. After four weeks of training, the group receiving 

neuromuscular training experienced a more noticeable 

reduction in pain compared to the other group, suggesting its 

greater effectiveness for pain relief. Both groups showed 

improvements in ankle movement, particularly in dorsiflexion 

and plantarflexion, but the neuromuscular training group 

achieved more substantial progress in both directions. These 

findings support the use of targeted exercise programs in 

managing symptoms of ankle sprain. These results are 

consistent with studies highlighting the effectiveness of 

exercise interventions in improving ankle joint mobility.21,22 

Another study`s results revealed that the ankle 

inversion/eversion ROM changes were significantly lower in 

the Kinesio-taped ankle condition.23 

Pain Reduction (NPRS): Group B exhibited a significantly 

greater reduction in pain scores (mean decrease: 3.6 ± 0.21 

points) compared to Group A (1.3 ± 0.03 points; *p* < 0.05). 

These findings align with previous research, who found that 

NMT reduced pain more effectively than passive treatments 

by restoring neuromuscular control.24 Similarly, another study 

reported that active rehabilitation protocols, including NMT, 

accelerated pain resolution compared to immobilization or 

isolated CCE.25 In contrast, a literature observed that CCE 

alone provided moderate pain relief, while Moreira et al. 

demonstrated that NMT’s dynamic components (e.g., 

proprioceptive drills) offered superior analgesic effects by 

addressing sensorimotor deficits.26 The current results 

suggest that NMT’s emphasis on neuromuscular re-
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education may explain its greater pain-alleviating effects 

compared to traditional CCE. 

Joint Mobility (ROM) Improvements (Goniometer) Group 

B showed significantly greater improvements in dorsiflexion 

(3.7 ± 0.54° vs. 2.5 ± 0.41°; *p* < 0.05) and plantarflexion 

(6.8 ± 0.32° vs. 3.7 ± 2.5°; *p* < 0.05) than Group A. These 

results align with previous research attributing neuromuscular 

training's range-of-motion benefits to enhanced 

proprioception and muscle-tendon flexibility.27 Additional 

studies have noted that incorporating mobilization techniques 

improves dorsiflexion more effectively than static 

interventions alone. Conversely, other research has reported 

limited range-of-motion gains with isolated conventional 

exercises, while combining them with dynamic stretching has 

yielded better outcomes.28 The current study extends these 

findings, highlighting neuromuscular training's superiority in 

restoring functional ankle mobility, likely due to its integrative 

approach targeting both joint stability and dynamic movement 

patterns. 

Balance Enhancements (SEBT): The NMT group achieved 

greater dynamic balance improvements (20.6 ± 1.25 units) 

than the CCE group (11.7 ± 3.46 units; *p* < 0.05). Previous 

research similarly reported that neuromuscular training’s 

focus on postural control drills significantly enhances balance 

in ankle sprain patients.29 Other studies have noted that while 

conventional exercises improve stability, neuromuscular 

training’s inclusion of perturbation-based training optimizes 

proprioceptive feedback.30 This aligns with the present 

results, suggesting that neuromuscular training’s multifaceted 

approach—combining strength, coordination, and balance 

drills—offers distinct advantages over conventional training’s 

more isolated strengthening focus. 

Functional Recovery (FAAM Sports Subscale): Group B 

demonstrated significantly greater functional improvement 

(16.87 ± 1.4 points vs. 5.47 ± 0.37 points; *p* < 0.05), 

highlighting neuromuscular training's ability to effectively 

transition patients from rehabilitation to sport-specific 

demands. Previous research has shown that incorporating 

functional drills, such as agility tasks, leads to faster return-

to-play compared to traditional linear exercises.31 Additional 

studies have noted that conventional training alone often fails 

to address multiplanar movement deficits, whereas 

neuromuscular training better replicates the dynamic 

demands of athletic performance.32 These findings reinforce 

neuromuscular training's effectiveness in restoring sport-

specific function and preparing athletes for competition. 

Future studies should explore long-term outcomes of 

neuromuscular training across different athletic populations 

and injury severities. Clinically, incorporating neuromuscular 

training into rehabilitation protocols may enhance pain relief, 

joint mobility, and functional recovery more effectively than 

conventional methods alone. 

C o n c l u s i o n  

NMT outperformed CCE in pain reduction, ROM 

restoration, balance recovery, and functional rehabilitation in 

athletes with ankle sprains. These results advocate for 

NMT’s integration into standard rehabilitation protocols to 

optimize athletic recovery. 
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