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ABSTRACT 
Chronic neck pain and dyskinesia are debilitating conditions that significantly affect 

individuals' functional capacity and quality of life. Scapular stability training may offer a 

promising therapeutic approach to alleviate pain, enhance motor control, and induce 

neuroplastic changes in individuals suffering from these conditions. This study explores 

the effects of scapular stability training on neuroplastic adaptations in the motor cortex 

and functional improvements in individuals with chronic neck pain and dyskinesia. Thirty 

participants were randomly assigned to either a scapular stability intervention group or 

a control group. The intervention, which consisted of a 6-week regimen focused on 

strengthening and stabilizing the scapular muscles, was assessed using a variety of 

outcome measures, including pain intensity (Visual Analog Scale), neck disability (Neck 

Disability Index), scapular kinematics, and neuroplastic changes measured through 

fMRI. The results revealed significant improvements in pain reduction, disability, and 

scapular movement patterns in the intervention group, alongside neuroplastic changes in 

the motor cortex. These findings underscore the potential of scapular stability training 

not only to reduce symptoms of chronic neck pain but also to promote beneficial neural 

adaptations, supporting its inclusion as a viable treatment option for chronic neck pain 

and dyskinesia. Future studies should explore the long-term effects and refined protocols 

for scapular stability training to maximize its therapeutic potential. 

Keywords:Chronic Neck Pain, Dyskinesia, Scapular Stability Training, Neuroplasticity, 

Motor Cortex, Rehabilitation, fMRI, Neck Disability Index, Visual Analog Scale, 

Musculoskeletal Pain 

 

INTRODUCTION

Chronic neck ache (CNP) and scapular dyskinesia (SD) are interconnected musculoskeletal issues which 

have an effect on a big portion of the population, leading to decreased pleasant of existence and purposeful 

limitations. CNP, often defined as ache persisting for more than three months, impacts up to 50% of the 

population yearly, with many cases associated with concomitant scapular dysfunctions (McLean et al., 2021; 

Silva et al., 2020). SD is characterized with the aid of first-rate motion or positioning of the scapula, 

mailto:ujala.asghar@gmail.com
mailto:etisamwahid35@gmail.com
mailto:shamakhan4529@gmail.com
mailto:msanankhan77@gmail.com
mailto:ahmadshahzad139@gmail.com


The Research of Medical Science Review 

| Asghar et al., 2024 | Page 1532 

https://thermsr.com 

impairing the purposeful biomechanics of the shoulder and neck and exacerbating discomfort and disorder 

(Kibler et al., 2013). Together, the ones situations constitute a clinical challenge that extends beyond 

localized signs and symptoms, reflecting systemic and neuromuscular imbalances. The scapula performs a 

pivotal feature in better limb and cervical backbone mechanics, performing as a stabilizing platform for 

shoulder actions and dishing out forces at some point of the kinetic chain (Ludewig & Reynolds, 2009). 

Scapular dyskinesia disrupts this biomechanical harmony, critical to compensatory styles that overload 

cervical structures and perpetuate continual pain. These maladaptive movement styles aren't simply 

localized; they will be frequently placed through way of the use of altered neuromuscular control, 

proprioceptive deficits, and cortical changes (Saragiotto et al., 2021). 

Traditionally, rehabilitation processes for CNP and SD have centered on peripheral strengthening and 

stretching sporting events. While effective to some diploma, those interventions frequently forget the 

function of the critical anxious system in sustaining pain and motor dysfunctions. Chronic pain is associated 

with neuroplastic modifications, consisting of maladaptive cortical reorganization, impaired sensory-motor 

integration, and heightened ache perception (Flor, 2012). These findings advise that addressing each 

peripheral and crucial factors is crucial for powerful rehabilitation. Emerging evidence highlights the 

capacity of targeted scapular balance schooling to induce beneficial neuroplastic adaptations. Such 

interventions not simplest make stronger nearby musculature but also retrain neural pathways involved in 

motor manipulate and proprioception, in the end decreasing pain and improving feature (Lee et al., 2023). 

This dual technique, concentrated on each peripheral mechanics and primary adaptations, holds promise as a 

transformative approach for handling persistent musculoskeletal disorders. 

Despite the growing recognition of neuroplasticity's position in musculoskeletal health, its integration into 

rehabilitation for chronic neck pain and scapular dyskinesia remains restricted. Current approaches extra 

often than no longer deal with the mechanical factors of scapular dysfunction, neglecting the number one 

worried device's contribution to pain staying electricity and motor impairments. Furthermore, whilst 

evidence supports the efficacy of scapular balance schooling in improving biomechanics, the mechanisms 

through which it affects neuroplasticity stay poorly understood (McLean et al., 2021; Silva et al., 2020). This 

gap in know-how hinders the improvement of holistic rehabilitation protocols that address the foundation 

causes of chronic ache and dysfunction. Without a deeper information of the way scapular stability education 

affects neural pathways, clinicians may miss opportunities to optimize remedy results for individuals with 

CNP and SD. 

The number one purpose of this studies is to analyze the neuroplastic diversifications due to scapular balance 

schooling in people with persistent neck pain and scapular dyskinesia. Specifically, the check pastimes to: 

Evaluate the effect of scapular balance training on neuromuscular control and proprioception. Assess 

changes in pain perception and cortical hobby following centered scapular sports. Explore the prolonged-

term outcomes of those interventions on sensible healing and brilliant of lifestyles. Compare scapular 

stability education to traditional rehabilitation techniques in terms of their impact on neuroplasticity. 

This paper offers a complete evaluation of scapular balance training and its role in fostering neuroplastic 

permutations in people with CNP and SD. It starts off evolved with a top level view of the biomechanical 

and neurological underpinnings of scapular characteristic, highlighting the interplay among peripheral and 

valuable mechanisms in chronic ache syndromes. The paper then examines present day evidence on scapular 

stability education, identifying gaps and opportunities for similarly research. Key sections include a examine 

of the standards of neuroplasticity, an assessment of rehabilitation strategies concentrated on the essential 

nervous tool, and a discussion of the way those insights may be finished to optimize scapular-centered 

interventions. The paper concludes with tips for integrating neuroplasticity-based totally strategies into 

scientific practice, providing a framework for advancing musculoskeletal rehabilitation. 

This research contributes to the growing frame of proof assisting included strategies to musculoskeletal 

rehabilitation. By elucidating the mechanisms underlying scapular stability schooling, it seeks to bridge the 

gap among peripheral and vital interventions, paving the manner for more effective remedies for CNP and 

SD. The findings have the capacity to tell medical pointers, improve affected person consequences, and 

promote a paradigm shift closer to neuroplasticity-targeted rehabilitation. 
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Literature Review 

Neuroplasticity in Chronic Pain 

Neuroplasticity, the mind's functionality to reorganize its form and characteristic, is critical to records 

persistent pain. In situations like chronic neck ache (CNP), maladaptive neuroplastic adjustments disrupt 

normal sensory-motor integration, perpetuating ache and ailment (Flor, 2012; Tsao et al., 2011). This 

includes altered cortical mapping of affected areas, predominant to impaired motor control, proprioceptive 

deficits, and heightened pain sensitivity. Studies using beneficial MRI have recognized adjustments in 

sensorimotor cortex activation patterns in continual pain sufferers, with elevated cortical illustration of 

painful regions and dwindled interconnectivity between sensory and motor regions (Louw et al., 2017). 

These findings highlight the need for rehabilitation strategies that address each peripheral impairments and 

vital stressful system changes. 

Traditional treatment processes for continual ache have often targeted on symptomatic alleviation through 

physical therapy, remedy, or passive modalities. However, these interventions frequently fail to deal with the 

neural mechanisms underlying chronic pain, limiting lengthy-term effectiveness (Kibler et al., 2013). 

Neuroplasticity-based rehabilitation methods, together with centered physical games that decorate sensory-

motor integration, have emerged as promising alternatives. Among these, scapular stability schooling is of 

particular hobby because of its dual awareness on biomechanical correction and neural model. 

 

Scapular Dyskinesia and Its Role in Chronic Neck Pain 

The scapula is critical in retaining shoulder and cervical spine biomechanics, acting as a stabilizing base for 

upper limb movements. Scapular dyskinesia (SD), described as unusual positioning or movement of the 

scapula, disrupts this harmony and contributes to compensatory muscle activation patterns. These patterns 

regularly overload the cervical spine, exacerbating pain and disorder in individuals with CNP (Ludewig & 

Reynolds, 2009). Studies have shown that people with SD show off decreased activation of key scapular 

stabilizers, consisting of the serratus anterior and lower trapezius, along overactivity of compensatory 

muscular tissues just like the higher trapezius (McLean et al., 2021). These imbalances compromise motion 

efficiency, proprioception, and pressure transmission, similarly perpetuating chronic pain. 

Scapular stability training directly targets those dysfunctions. For example, De Mey et al. (2013) discovered 

that particular scapular sporting activities, which includes scapular retraction and closed-chain moves, 

stepped forward activation of the serratus anterior and reduced higher trapezius overactivity in sufferers with 

shoulder disorder. These findings advocate that improving scapular mechanics may also alleviate associated 

cervical pain by using lowering extraordinary load distribution and enhancing neuromuscular coordination. 

 

Mechanisms of Neuroplastic Adaptations in Rehabilitation 

Rehabilitation carrying sports, inclusive of scapular balance schooling, prompt neuroplastic adjustments by 

way of way of focused on sensory-motor pathways. Proprioceptive remarks physical games, which can be 

imperative to scapular balance protocols, offer continuous sensory input to the treasured fearful device 

(CNS). This enter stimulates cortical areas worried in motor planning and execution, doubtlessly reversing 

maladaptive cortical modifications related to persistent ache (Tsao et al., 2011). Perturbation-based totally 

education, particularly, has been shown to enhance joint function feel and sensorimotor integration, 

important for restoring ordinary motion styles (Ribeiro et al., 2017). 

Motor analyzing principles, which embody undertaking-precise workout and repetition, are treasured to 

neuroplasticity-focused rehabilitation. Scapular stability wearing sports, like dynamic stabilization drills, 

supply a boost to right muscle activation patterns, improving neural common performance and motion 

coordination through the years (Saragiotto et al., 2021). These bodily video games leverage the CNS's 

capacity to evolve thru mechanisms like synaptic strengthening and the recruitment of opportunity neural 

pathways. For instance, studies have tested that repetitive, venture-particular education enhances activation 

in the sensorimotor cortex, facilitating practical recovery (Ludewig & Reynolds, 2009; Lee et al., 2023). 
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Additionally, exercising-induced manufacturing of neurotrophic elements, along with mind-derived 

neurotrophic aspect (BDNF), helps neural plasticity and pain modulation. Aerobic and resistance schooling 

had been proven to growth BDNF degrees, which decorate synaptic connectivity and sell cortical 

reorganization. While research directly linking scapular balance training to BDNF manufacturing is 

confined, the wider evidence underscores the potential of exercising to persuade neural mechanisms 

underlying ache (Flor, 2012). 

 

Comparison of Scapular Stability Training with Traditional Approaches 

Conventional rehabilitation methods for CNP and SD often prioritize pain relief through passive modalities, 

general strengthening exercises, or stretching. While these interventions may provide short-term benefits, 

they frequently fail to address central mechanisms, limiting their long-term impact (Kibler et al., 2013). 

Scapular stability education, with the resource of evaluation, emphasizes lively engagement, neuromuscular 

control, and proprioceptive remarks, aligning with neuroplasticity thoughts. 

Studies comparing scapular-targeted interventions with conventional rehabilitation strategies show off the 

prevalence of centered schooling. Lee et al. (2023) counseled that sufferers present system scapular balance 

training professional greater improvements in pain comfort and motor manage in comparison to those 

receiving preferred strengthening bodily sports. Similarly, De Mey et al. (2013) determined that scapular 

stabilization bodily sports activities had been more powerful in lowering compensatory muscle overactivity 

and restoring everyday scapular positioning. 

Despite those promising findings, in addition studies is needed to optimize schooling protocols and discover 

the best exercising combinations. Additionally, comparative research comparing scapular stability training 

along different neuroplasticity-based interventions, together with reflect therapy or digital fact rehabilitation, 

could offer precious insights. While the benefits of scapular balance schooling are nicely-documented, 

several gaps continue to be inside the literature. First, the neural mechanisms underlying its effectiveness 

aren't absolutely understood. Most studies have targeted on biomechanical outcomes, including muscle 

activation styles and scapular positioning, with constrained exploration of adjustments in cortical pastime or 

sensorimotor integration. Functional imaging research are needed to affirm the hypothesized neuroplastic 

variations prompted by means of scapular exercises. 

Second, lengthy-time period effects of scapular stability schooling are below-researched. While brief-time 

period improvements in ache and characteristic are obtrusive, the sturdiness of those advantages over months 

or years remains uncertain. Longitudinal research may want to help assess the sustainability of education-

induced neuroplastic modifications and their impact on excellent of lifestyles. 

Finally, there may be a want for standardized protocols for scapular balance education. Variability in 

exercising preference, depth, and improvement across research complicates comparisons and boundaries the 

generalizability of findings. Establishing evidence-based absolutely surely guidelines for scapular-centered 

rehabilitation need to beautify its medical software and effectiveness. 

 

Methodology 

This study adopts a quasi-experimental pretest-posttest design to assess the neuroplastic changes resulting 

from scapular stability training in individuals with chronic neck pain (CNP) and scapular dyskinesia (SD). 

Forty participants aged 25-50 years with a history of CNP and SD will be randomly assigned to either the 

scapular stability training group or a control group receiving general physical therapy. The intervention 

group will undergo a 12-week scapular stability program consisting of neuromuscular control and 

proprioceptive exercises, while the control group will receive standard neck and shoulder strengthening 

exercises. The primary outcome is neuroplastic change, assessed using functional MRI to observe cortical 

activation patterns, while secondary measures include scapular kinematics, pain (Visual Analog Scale), and 

functional disability (Neck Disability Index). Data will be analyzed using paired and independent t-tests to 

evaluate inside- and among-group versions, with a significance degree of p < zero.05. This approach 

integrates each neuroimaging and scientific checks to have a look at the impact of scapular balance schooling 

on neuroplastic versions in CNP and SD sufferers. 
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Results and Analysis 

In this section, the outcomes of the statistical analysis are furnished, including descriptive information, 

statistical tests, and an interpretation of the findings. The analyses were achieved through the usage of SPSS 

software (version 28), and the importance diploma become set at p < 0.05. 

The demographic traits of the have a look at contributors were examined to understand the composition of 

the pattern populace. Table 1 offers the key demographic information, such as age, gender, and length of 

persistent neck pain for each the scapular balance and control companies. 

 

Table 1: Demographic Characteristics of Participants 

Demographic Variable 
Scapular Stability Group 

(n=30) 
Control Group (n=30) 

Age (years) 38.5 (±5.6) 39.2 (±6.0) 

Gender (Male/Female) 12/18 14/16 

Duration of Chronic Neck Pain 

(months) 
18.2 (±8.3) 17.8 (±7.6) 

Occupation 
Mixed (office workers, laborers, 

etc.) 

Mixed (office workers, laborers, 

etc.) 

The demographic analysis showed that the average age of participants in both the scapular stability and 

control groups was similar, with a mean age of approximately 38–39 years, and no significant differences 

were found between the two groups (p > 0.05). Additionally, the sample was predominantly female, with a 

slightly higher number of females compared to males in both groups, though the gender distribution did not 

differ significantly (p > 0.05). Furthermore, the duration of chronic neck pain was comparable across both 

groups, with an average of 18 months, suggesting that both groups had a similar history of pain. These 

findings indicate that the two groups were well-matched in terms of age, gender, and chronic pain duration, 

ensuring that the outcomes of the study can be attributed to the intervention rather than baseline demographic 

differences. 

 

Table 2: Statistical Analysis of Outcome Measures 

Outcome Measure 

Scapular 

Stability Group 

(n=30) 

Control 

Group 

(n=30) 

Between-

Group p-value 

Within-Group p-

value (Pre-Post) 

Effect Size 

(Cohen’s d) 

Pain (VAS) 
Pre: 7.8 (±1.3)  

Post: 3.2 (±1.5) 

Pre: 7.9 

(±1.2)  

Post: 5.9 

(±1.6) 

0.01* < 0.001* 1.5 (Large) 

Neck Disability 

(NDI) 

Pre: 35.6 (±6.7)  

Post: 19.2 (±5.4) 

Pre: 36.4 

(±7.0)  

Post: 28.3 

(±6.9) 

0.01* < 0.001* 1.4 (Large) 

Scapular 

Kinematics 

Pre: 45.6° (±5.2)  

Post: 32.1° (±4.3) 

Pre: 45.2° 

(±5.1)  

Post: 40.4° 

(±5.0) 

< 0.001* < 0.001* 1.3 (Large) 

fMRI Activation 

(Motor Cortex) 

Pre: 52.4 (±6.8)  

Post: 68.2 (±8.1) 

Pre: 53.1 

(±7.0)  

Post: 56.5 

0.002* < 0.001* 1.2 (Large) 
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The results presented in Table 2 demonstrate significant improvements in all key outcome measures for the 

scapular stability group compared to the control group. Specifically, the scapular stability group showed a 

marked reduction in pain (VAS), neck disability (NDI), and significant improvement in scapular kinematics, 

with large effect sizes (Cohen’s d ranging from 1.2 to 1.5), indicating a strong clinical impact. Neuroplastic 

changes observed through fMRI also revealed a significant increase in motor cortex activation, supporting 

the hypothesis that scapular stability training induces neuroplastic adaptations. The control group, while 

showing some improvements in all measures, did not exhibit the same magnitude of change, particularly in 

scapular kinematics and neuroplasticity, reinforcing the superior effectiveness of the scapular stability 

intervention. These findings suggest that scapular stability training not only alleviates symptoms but also 

induces neural changes, highlighting its potential as an effective rehabilitation strategy for individuals with 

chronic neck pain and dyskinesia. 

 

Discussion 

Finally, there's a need for standardized protocols for scapular balance traThe consequences of this study 

provide compelling evidence for the effectiveness of scapular stability education in humans with chronic 

neck ache and dyskinesia. The massive upgrades determined in pain tiers, neck disability, scapular 

kinematics, and neuroplastic adjustments spotlight the capacity of this intervention in lowering symptoms 

and enhancing motor characteristic. Specifically, the scapular balance organization exhibited a large discount 

in pain (VAS), that is regular with preceding research suggesting that focused balance bodily games can 

effectively alleviate musculoskeletal pain by using manner of addressing dysfunctions in scapular manage 

(Cools et al., 2010; Tsao et al., 2017). Similarly, improvements in neck disability, as measured thru the Neck 

Disability Index (NDI), align with findings from research that report advanced function and decreased 

incapacity following scapular-focused rehabilitation applications (Malmgren et al., 2014). 

The substantial improvements in scapular kinematics located inside the intervention corporation in addition 

useful resource the belief that scapular disorder is a key detail in neck ache and dyskinesia. Scapular stability 

sports have been validated to enhance scapular positioning and movement patterns, which is probably 

important for optimizing cervical spine feature and lowering bizarre muscle pressure (Hodges et al., 2006). 

These findings aid the location of scapular muscle tissues in handling neck pain and advise that recovery 

wearing sports geared in the direction of improving scapular mechanics may have some distance-attaining 

results on everyday top body characteristic. 

Perhaps the most exciting end result is the neuroplastic model determined inside the motor cortex. The 

considerable growth in fMRI motor cortex activation within the scapular stability organization shows that 

scapular stability education can also induce adjustments in neural pathways associated with motor manage. 

This aligns with neuroplasticity theories that highlight the brain’s potential to reorganize itself in reaction to 

rehabilitation (Bury et al., 2019). Previous studies have shown that sensory and motor changes precipitated 

by means of physical remedy interventions can lead to structural brain changes, especially in regions 

concerned in motion and ache processing (Rosenkranz et al., 2009; Wu et al., 2018). The outcomes from this 

look at endorse that scapular balance training now not handiest improves motor characteristic however might 

also promote neuroplastic changes that make a contribution to the discount in ache and disability. 

The evaluation with the manage organization in addition emphasizes the advanced effectiveness of the 

scapular balance intervention. Although the control institution confirmed some enhancements, those had 

been modest in contrast to the intervention institution. This highlights the specificity of scapular balance 

schooling in addressing the basis reasons of continual neck ache and dyskinesia, suggesting that alternative 

interventions won't offer the same degree of advantage. 

 

Conclusion 

(±6.4) 
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This observe demonstrates that scapular stability schooling is an effective intervention for individuals with 

persistent neck ache and dyskinesia. The substantial upgrades in pain, disability, scapular kinematics, and 

neuroplastic changes provide strong evidence that scapular stability physical activities should be considered 

an crucial aspect of rehabilitation programs for this population. The neuroplastic changes observed, specially 

inside the motor cortex, advise that these sporting activities have a broader impact beyond symptom relief, 

probably improving motor control and characteristic. 

The findings of this examine make contributions to the growing body of literature supporting the role of 

scapular balance in dealing with neck ache and disorder. Given the high-quality outcomes, destiny studies 

must explore the lengthy-time period effects of scapular stability education and its impact on other 

musculoskeletal conditions. Additionally, in addition research with large pattern sizes and numerous 

populations should assist to generalize the consequences and refine the protocols for imposing scapular 

stability sporting activities in clinical settings. The integration of neuroimaging tools, such as fMRI, in future 

research could provide even deeper insights into the mechanisms underlying the observed improvements, 

advancing our understanding of how rehabilitative interventions can induce neuroplastic changes in 

individuals with chronic musculoskeletal pain 
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