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ABSTRACT

The cervical muscles play an important role in postural control,

Article Info: proprioception, and neuromuscular regulation. Weakness or impaired activation of

neck and scapular muscles is associated with forward head posture (FHP), neck pain,
Received: 27 October 2025 and altered alignment. Although strengthening and corrective exercises have been
Accepted: 23 May 2026 suggested to improve cervical function, their comparative effectiveness remains
Available Online: 28 July 2026 unclear.

A systematic review was conducted in accordance with the PRISMA 2020
guidelines. Randomized controlled trials (RCTs) published from January 2015 to July
2025 were identified through searches in PubMed, Cochrane, PEDro, EBSCOhost,
and ScienceDirect using the terms “neck muscle,” “fatigue,” and “postural control”
and their related combinations. Studies were eligible if they involved individuals with
neck dysfunction or postural impairment and evaluated exercise-based strengthening
or corrective interventions. The PEDro scale was utilized to evaluate methodological
quality.

Of the 41 identified records, 7 randomized controlled trials (RCTs) were
assessed for eligibility; five met the methodological quality threshold (PEDro score >

Keywords: 5) and were included in the final synthesis. The interventions analyzed comprised

] postural correction exercises, scapular stabilization, kinesiotaping, clinical Pilates,
Neck strengthening, Postural lower trapezius strengthening, and instrument-assisted soft tissue mobilization. These
control, Forward head interventions consistently improved craniovertebral angle (CVA), postural alignment,
posture, Cervical muscle activity, pain levels, and functional outcomes. Multimodal and supervised
rehabilitation programs, such as online-supervised exercise, resulted in greater improvements

compared with conventional or unsupervised training. Methodological limitations
included the absence of blinding and concealed allocation in multiple studies;
however, baseline comparability and outcome reporting were typically strong.

Neck strengthening interventions were associated with improvements in
postural control and functional performance across the included trials. Evidence
suggests that multimodal, structured, and supervised approaches may provide greater
benefits compared with isolated or unsupervised programs. Standardized protocols
and long-term follow-up are essential for identifying optimal rehabilitation strategies
and assessing sustained benefits.
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1. Introduction

The cervical spine is essential for maintaining upright posture, orienting sensory information, and enabling
neuromuscular control throughout the upper body. The deep cervical muscles, specifically the longus colli,
longus capitis, and suboccipital muscles, function as stabilizers and sensory integrators, facilitating precise
control of head position and alignment (1). These muscles are continuously engaged during daily activities
such as reading, computer use, and other static occupations. Prolonged loading or repetitive strain,
frequently observed in desk workers, surgeons, and smartphone users, may result in cervical muscle
weakness, postural deviations, and impaired postural control and proprioceptive accuracy (2, 3). Postural
control depends on the integration of visual, vestibular, and somatosensory systems, with the cervical spine
acting as an important proprioceptive source. Mechanoreceptors in the cervical muscles provide essential
afferent feedback to the central nervous system, contributing to balance regulation and spatial orientation
(4). Sensorimotor impairments are particularly evident in individuals with forward head posture (FHP) or
persistent neck discomfort, who progressively rely on superficial muscles such as the sternocleidomastoid
and upper trapezius, thereby reinforcing maladaptive postural patterns (5). Babakhani et al. (6) found that
hyperlordosis did not significantly affect static balance as measured by center of pressure (COP); however,
it significantly increased time to stabilization (TTS), indicating that spinal alignment may selectively
influence dynamic rather than static postural control.

Experimental and clinical research has highlighted the influence of neck muscle fatigue on motor control
strategies. Mylonas et al. (7) reported that patients with mechanical neck pain who participated in a
combined program of neuromuscular training and instrument-assisted soft tissue mobilization
demonstrated significant improvements in craniovertebral angle (CVA), proprioception, and neck
disability compared with the control group. Elgendy et al. (8) similarly found that a multimodal
intervention consisting of postural correction exercises, scapular stabilization, and kinesiotaping produced
significant improvements in scapular alignment, craniovertebral angle (CVA), and grip strength in
individuals with FHP. Occupational studies have indicated that chronic cervical loading contributes to
neuromotor impairment and discomfort; however, ergonomic interventions, such as passive exoskeletons,
may reduce these adverse effects (3). A major challenge in this field is the inconsistent use of terminology.
Terms such as strength and endurance are sometimes applied interchangeably, despite representing distinct
physiological concepts. Endurance may refer either to the duration until voluntary failure or to reductions
in electromyographic frequency and may involve isometric or concentric muscle actions (9). Such
variations hinder the development of consistent and precise training protocols. Furthermore, the anatomical
complexity of the cervical musculature increases methodological challenges, as these muscles are densely
arranged and function across multiple planes, making isolated muscle assessment difficult without
standardized positioning and anatomical landmark identification (10, 11).

Improvements in cervical muscle strength and endurance have been associated with enhanced postural
alignment, reduced pain, and decreased risk of head and neck injuries (12, 13). Understanding the
mechanisms through which cervical muscle dysfunction affects balance provides a physiological rationale
for strengthening-based interventions. Muscle fatigue and weakness may impair whole-body balance by
altering neuromuscular afferent input and reducing sensorimotor integration (14), effects that have also
been observed in individuals with acute or chronic head and neck disorders (15, 16). Vuillerme et al. (17)
further demonstrated that cervical muscle fatigue leads to sensory reweighting during postural control,
increasing reliance on somatosensory inputs from the plantar surfaces, ankles, and visual information.
Naderi et al. (18) reported that both functional and non-functional fatigue protocols reduced dynamic
balance, with non-functional fatigue producing a greater decline (21.39%) compared with functional
fatigue (10.49%), highlighting the differential effects of fatigue type on postural stability. Collectively,
these findings provide a strong physiological rationale for interventions targeting cervical muscle
strengthening and endurance to improve postural control and daily functional performance (19, 20).

2. Methods

2.1 Protocol

This study was designed as a systematic review conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines.
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2.2 Literature Search and Study Selection

Electronic databases, including PubMed, PEDro, EBSCOhost, ScienceDirect (Elsevier), and the Cochrane
Central Register of Controlled Trials, were systematically searched using individual and combined
keywords. The PRISMA-S guidelines for reporting literature searches in systematic reviews were followed
throughout the search process. Boolean combinations of the terms "neck muscle,” "fatigue,” and "postural
control" were used to identify relevant studies. Studies were eligible for inclusion if they met the following
criteria: randomized controlled trials (RCTSs), controlled trials, or non-randomized trials published in
English between 2015 and 2025. Full texts were obtained by contacting corresponding authors when
articles were not directly accessible. Titles and abstracts were initially screened, and reviewers reached
consensus regarding study eligibility. Studies unrelated to the objectives of this review were excluded. The
inclusion criteria were as follows: (a) studies published in English; (b) randomized controlled trials (RCTS);
and (c) studies involving participants with neck-related disorders, muscular fatigue, weakness, or impaired
postural control. Studies were excluded if they were duplicate records, not written in English, did not use
a randomized or controlled design, or were unrelated to the variables of interest (neck function or postural
control). The comprehensive search strategies for all databases are presented in Table 1.

2.3 Data Extraction

The reviewers extracted and recorded the following information from each included study: authors’ names,
publication year, participant characteristics, exercise intervention details (including type, duration,
intensity, and frequency), sample size, main findings, and reported conclusions.

Data extraction was independently reviewed by the principal reviewer and two additional reviewers to
ensure accuracy and minimize potential bias. Any disagreements were resolved through discussion and
consensus. The methodological quality of the included studies was assessed using the Physiotherapy
Evidence Database (PEDro) scale, an established 11-item tool designed to evaluate the internal validity
and statistical reporting quality of clinical trials.

Table 1. Comprehensive Search Algorithms for All Databases

Database / Date Searches Key words; ALL Fields; TX All Text

Cochrane 21/07/2025 #1 Key word (Neck Muscle ) 1128
#2 Key word (Fatigue) 23
#3 Key word (Postural Control) 3304
#4 #1 AND #2 AND #3 3
Limits Clinical Trials, English Language

PubMed 21/07/2025 #1 MeSH terms (Neck Muscle) 120
#2 MeSH terms (Fatigue) 1,991
#3 MeSH terms (Postural Control) 2035
#4 #1 AND #2 AND #3 2
Limits Randomised Control Trials, English Language

Science Direct Elsevier #1 Title or Abstract (Neck Muscle) 2,684

21/07/2025 #2 Title or Abstract (Fatigue) 45,950
#3 Title or Abstract (Postural Control) 3871
#4 #1 AND #2 AND #3 12
Limits Research articles and case reports, English Language

EBSCOhost #1 TX All Text (Neck Muscle) 155

21/07/2025 #2 TX All Text (Fatigue) 704
#3 TX All Text (Postural Control) 152
#4 #1 AND #2 AND #3 14
Limits Randomised Control Trials, English Language

PEDro 21/07/2025 #1 All Text (Neck Muscle) 312
#2 All Text (Fatigue) 1,237
#3 All Text (Postural control) 692
#4 #1 AND #2 AND #3 10
Limits Randomised Control Trials, English Language

Total search results 41

Duplicate studies 3

After Removing duplications 38

Studies which are not meeting the inclusion criteria (after reading the articles) 31

Remaining Articles left after reading 7

Potentially relevant articles (Pedro>5) 5
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2.4 Methodological Quality Assessment
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All seven studies included in the eligibility assessment were evaluated for methodological quality and risk
of bias using the Physiotherapy Evidence Database (PEDro) scale. Common methodological limitations
identified through PEDro scoring included the absence of concealed allocation and insufficient blinding of
participants, therapists, and outcome assessors. In contrast, several PEDro criteria were consistently well
addressed across the included studies, including baseline comparability, adequate follow-up, intention-to-
treat analysis, reporting of measures of variability, and between-group comparisons. Table 2 presents a
summary of the PEDro scores for the included studies.

Table 2. Methodological Quality Assessment of Studies Assessed for Eligibility Using the PEDro Scale

Author Study Title EC RA CA BC BP BT BA FU ITT BGC PE Total

Score
Elgendy et al. Efficacy of head postural Y Y Y Y NNY Y N Y Y 710
8) correction program on

Yaghoubitajani
etal. (22)

Mylonas et al.

™

Hirer et al. (23)

Park and Lee
(24)

Yasa et al. (25)

Pawaria and
Kalra (26)

craniovertebral angle, scapular
position, and grip strength in
forward head posture: A
randomized controlled trial
Corrective exercises
administered online versus
workplace for pain and function
in office workers with upper
crossed syndrome: Randomized
controlled trial
Combining targeted instrument-
assisted soft tissue mobilization
and neuromuscular exercises for
forward head posture and
mechanical neck pain: A
randomized controlled study
Effectiveness of clinical Pilates
and home exercises in sagittal
cervical disorientation:
Randomized controlled study
Effects of lower trapezius
strengthening exercises on pain,
dysfunction, posture alignment,
muscle thickness, and
contraction rate in patients with
neck pain: Randomized
controlled trial
Effects of balance training
combined with conventional
physiotherapy on pain, postural
control, and balance confidence
in patients with cervical disc
herniation: Randomized
controlled trial
Effect of deep cervical flexor
training on respiratory functions
in chronic neck pain patients
with forward head posture

Y Y Y NNNNY Y Y Y 610

Y Y NY NN Y Y N Y Y 610

Y Y NY NN NN Y Y Y 510

Y Y NY NNNY N Y Y 510

Y Y NY N NNNN Y Y 410

Y Y NY N N N N N Y Y 410

Abbreviations: EC: Eligibility Criteria; RA: Random Allocation; CA: Concealed Allocation; BC: Baseline Comparability; BP:
Blinded Participants; BT: Blinded Therapists; BA: Blinded Assessors; FU: Adequate Follow-up; ITT: Intention-to-Treat Analysis;
BGC: Between-Group Comparison; PE: Point Estimates and Variability. Y: Yes; N: No.
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3. Results

3.1 Article Selection Process

The electronic database search identified 41 records: 3 from the Cochrane Central Register of Controlled
Trials, 14 from EBSCOhost, 10 from the Physiotherapy Evidence Database (PEDro), 2 from PubMed, and
12 from ScienceDirect (Elsevier). Following the removal of 3 duplicate records and the exclusion of 31
studies that did not meet the inclusion criteria after title, abstract, and full-text screening, 7 studies were
assessed for methodological quality using the PEDro scale. Of these, 2 studies scored below the predefined
threshold of 5 and were excluded from the final analysis, resulting in 5 studies included in the final
synthesis. All included studies were original peer-reviewed research articles published in English,
consistent with the established inclusion and exclusion criteria. Fig. 1 illustrates the study selection process
through the PRISMA flow diagram.

(=
o . . .
= Records identified from electronic :
§ Databases, PubMed, Cochrane, Recggslgggg\;gg Ofggorfnfgczzn(lgg;
= PEDro, EBSCOhost, Science Direct 3)
g (n =41) >
\ 4

Records screened »| Records excluded

(n=38) (n =31)

Reports sought for retrieval

= (n=7)

'c

S )
: !
O

(2]

Reports assessed for eligibility )

(n=7) I Only excellent quality study
having PEDRO score five or
more is selected for synthesis.
Articles Excluded (n=2)

—
=) . . .
3 Studies included in review (PEDro
% score > 5)
= (n =5)

Fig. 1. PRISMA Flow Diagram of Study Selection

Search Terms Used: "Neck Muscle" AND "Fatigue" AND "Postural Control"; Databases: PubMed (n=2),
Cochrane (n=3), PEDro (n=10), EBSCOhost (n=14), ScienceDirect (n=12); Date range: January 2015 — July
2025; Language: English; Study design: RCTs; Quality threshold: PEDro score > 5 (moderate to high quality);
Prepared in accordance with PRISMA 2020 guidelines
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3.2 Methodological Evaluation of Studies

The PEDro scale consists of 11 items, with the first item assessing external validity and not contributing
to the total score. The remaining 10 items are scored as “yes” (1) or “no” (0), resulting in a total score out
of 10. Studies scoring 7-10 are classified as high quality, 5-6 as moderate quality, and 0—4 as low quality
(21). Due to the practical challenges associated with blinding participants and therapists in rehabilitation
research, the maximum achievable PEDro score is generally limited to 8 (21). In this review, PEDro scores
ranged from 5 to 8, indicating moderate to high methodological quality among the included studies.
Several randomized controlled trials have investigated exercise-based interventions for forward head
posture and related neck dysfunction. Elgendy et al. (8) reported significant improvements in
craniovertebral angle, scapular alignment, and grip strength, achieving a PEDro score of 7 out of 10,
indicating high methodological quality. Similarly, Yaghoubitajani et al. (22) and Mylonas et al. (7)
demonstrated positive outcomes following corrective and neuromuscular exercise programs, with each
study achieving a PEDro score of 6 out of 10. Hurer et al. (23) and Park and Lee (24) found that clinical
Pilates and lower trapezius strengthening interventions effectively reduced pain and improved postural
alignment, with both studies attaining a PEDro score of 5 out of 10. In contrast, Yasa et al. (25) and Pawaria
and Kalra (26) demonstrated lower methodological quality, each receiving a PEDro score of 4 out of 10,
and were therefore excluded from the final synthesis. Overall, five studies met the inclusion criterion of a
PEDro score > 5, representing moderate to high methodological quality and providing consistent evidence
supporting targeted exercise interventions for neck strengthening and postural improvement.

3.3 Population and Interventions

The characteristics of the included studies, including participant characteristics, intervention protocols,
control conditions, and main findings, are summarized in Table 3. Across the included studies investigating
postural correction and neck rehabilitation, a total of approximately 194 participants were included,
consisting of at least 27 males and 167 females. Participants ranged in age from 18 to 60 years and were
primarily office workers or individuals with FHP, upper crossed syndrome (UCS), or mechanical neck
pain. The intervention protocols mainly focused on improving cervical alignment, scapular stabilization,
and neuromuscular control through structured programs, including postural corrective exercises, scapular
stabilization routines, Pilates-based training, kinesiotaping, and instrument-assisted soft tissue
mobilization. Training sessions were generally conducted 3—4 times per week for 4-8 weeks, with each
session lasting approximately 35-65 minutes. Collectively, these studies demonstrated that consistent and
targeted exercise interventions improved postural alignment, neck muscle endurance, and pain-related
outcomes, particularly among individuals with sedentary lifestyles or postural dysfunction.

4. Discussion

This systematic review of five randomized controlled trials included in the final synthesis indicates that
targeted neck and scapular interventions generally demonstrated improvements in forward head posture,
assessed by craniovertebral angle (CVA), as well as related clinical outcomes. Park and Lee (24) found
that incorporating a lower trapezius strengthening program into general scapulothoracic exercises resulted
in greater increases in CVA and greater reductions in neck disability compared with stabilization exercises
alone. Yaghoubitajani et al. (22) demonstrated that an online-supervised corrective exercise program
significantly reduced neck—shoulder pain and improved postural angles and workability, whereas changes
observed in the unsupervised workplace exercise group were minimal or not statistically significant. These
findings are consistent with previous research indicating that therapeutic exercise and adjunctive taping
strategies may improve forward head posture; however, exercise-based interventions appear to be more
effective than taping alone. Overall, the reviewed studies consistently indicated that structured exercise
programs, frequently combined with neuromuscular or supportive approaches, improved CVA, scapular
alignment, muscle function, pain, and disability outcomes.
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Table 3. PICO Characteristics of Studies Included in the Systematic Review

Author Sample Size and Intervention Group Control Group Intervention Baseline Post-intervention Outcomes Mean Change / Main Findings
Characteristics Duration Outcomes Effect Size
Elgendy etal. N =60 (8 males, Group B: Postural correction Group A: PCEsonly 4 weeks, 4 Reduced Group D showed the Group D The combination of
8) 52 females), exercises (PCEs) + scapular sessions/week  craniovertebral —greatest improvement: CVA  demonstrated the ~ PCEs, SSEs, and KT
aged 18-40 stabilization exercises angle (CVA), increased by approximately largest effect (CVA  produced the greatest
years, diagnosed (SSEs)Group C: PCEs + scapular 8°, hand grip strength ~+8°, HGS = +5.2 improvements in
with forward  kinesiotaping (KT)Group D: PCEs asymmetry, and increased by approximately kg, LSST change >1 posture and function,
head posture + SSEs + KT low hand grip 5.2 kg, and scapular position cm; p < 0.05). whereas PCEs alone
(FHP) strength (~20-22  improved based on LSST Groups B and C resulted in smaller
kg average) measurements showed moderate changes
improvements
Yaghoubitajani N = 36 office Group 1: Online-supervised Group 3: Control 8 weeks FHP >45°, Online group showed Online group: p = Online-supervised
etal. (22) workers with  corrective exercises (n = 12)Group  (usual activity, no rounded significant improvements in  0.000-0.048 (large  corrective exercises
upper crossed 2: Workplace-based corrective intervention; n = 12) shoulders >52°, posture angles, pain, effects)Workplace resulted in greater
syndrome exercises (n = 12) rounded back workability, and trapezius group: p = 0.002— improvements in
(UCS); mean >42°, neck pain and serratus anterior 0.038 (moderate  posture, pain, muscle
age ~ 38 years score >3 (VAS) activation effects) activation, and
function compared
with workplace-based
or no training
Mylonasetal. N =20 patients  Group A: Instrument-assisted soft ~ Group B: Classical 8treatment  Reduced CVA, Group A: CVAincreased by  Between-group IASTM combined
(7) with mechanical  tissue mobilization (IASTM) +  massage + the same  sessions (~4  increased VAS  +7.2°, NDI decreased by  differences favored  with neuromuscular
neck painand  neuromuscular exercises targeting neuromuscular weeks), with  and NDI scores,  —25.2, VAS decreased by Group A (CVA exercises was more
FHP, randomly cervical and thoracic regions exercise program  follow-up at 2 and reduced —5.97Group B: CVA difference = +6.1°, effective than
allocated into and 4 weeks cervical ROM increased by +1.1°, NDI NDI difference = massage combined
two groups after treatment and strength decreased by —5.8, VAS —19.4, VAS with exercises for
decreased by —3.1 difference =—2.87,  improving posture,
p < 0.05) pain, and function in
individuals with FHP
and mechanical neck
pain
Hiirer et al. 38 desk-based Clinical Pilates exercise (CPE): Home exercise 8 weeks, 3 No significant  Significant between-group Significant Clinical Pilates
(23) workers with supervised sessions by program (HEP): sessions/week differences improvements favoring CPE  improvements in improved postural
sagittal cervical physiotherapist, 1 h/day, 3 stretching, posture between groups  in CVA (95% CI: 159.6-  postural parameters control, cervical
disorientation,  times/week for 8 weeks, focusing correction, in acromial 166.0, p = 0.019), HTA and deep cervical alignment, and
aged 30-60 on cervical, shoulder, rib cage, strengthening distance, CVA, (95% CI: 45.6-50.0, p=  flexor function were strength/endurance of
years; 19 lumbopelvic control, breathing, exercises, and HTA, and CTA  0.021), and CTA (95% CI:  observed in the CPE  deep cervical flexor
participants stabilization, strength, and craniocervical before 65.6-71.0, p = 0.030) group muscles
completed each flexibility flexion exercises intervention (p >
group performed at home 0.05)

Park and Lee
(24)

N = 40 patients
with neck pain
(mean age =~ 27

Scapular and thoracic stabilization
program + lower trapezius
strengthening exercises (modified

years); prone cobra, wall slide, trapezius
experimental (n  progression), 65 min/session, 3
=20) and sessions/week
control (n = 20);
CVA <53°,
VAS >3

3 times/week for 8
weeks
Scapular and
thoracic
stabilization
program only (35
min/session, 3
sessions/week)

4 weeks

No significant
baseline
differences in
pain,
dysfunction,
CVA, and CRA
between groups

Experimental group showed
significant improvements in
NDI (d =1.11), CVA(d =
-0.53), CRA (d = 0.50),
muscle thickness (d =
—0.58), and contraction rate
(d=-1.21)

Significant between-
group differences
favored the
experimental group
(p <0.05)

Lower trapezius
strengthening
combined with

stabilization was

more effective than
stabilization alone for
improving posture,
neck dysfunction, and
muscle activation
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A significant pattern observed across the trials was the effectiveness of multimodal and supervised
interventions compared with single-modality or unsupervised approaches. Elgendy et al. (8) demonstrated
that incorporating scapular stabilization exercises (SSEs) into a postural correction program resulted in
greater improvements in CVA and deep neck muscle endurance compared with postural exercises alone.
Mylonas et al. (7) reported that the combination of instrument-assisted soft tissue mobilization (IASTM)
and neuromuscular exercises produced greater improvements in CVA and Neck Disability Index scores
compared with massage combined with exercises. These findings suggest a potential synergistic effect of
integrating adjunctive therapies with strengthening exercises. Approaches such as kinesiotaping, IASTM,
and Pilates-based exercises may enhance tissue mobility, proprioceptive input, and neuromuscular control,
thereby supporting corrective exercise outcomes. In contrast, isolated or unsupervised home-based exercise
programs tended to demonstrate smaller improvements.

The mode of intervention delivery also appeared to influence outcomes. The trial comparing online
supervision with workplace-based exercises showed that participants receiving remote supervision
experienced greater improvements in pain, postural angles, workability, and muscle activation. Although
both groups improved from baseline, specific outcomes, including enhanced workability and reduced upper
trapezius overactivation, were observed primarily in the online-supervised group. These findings suggest
that supervision, including virtual formats, may enhance adherence, exercise intensity, and movement
quality during corrective exercise programs. This observation is consistent with telerehabilitation literature
indicating that supervised interventions, whether delivered remotely or in person, may provide greater
benefits than unguided or self-directed programs due to enhanced feedback and motivation. Therefore,
supervised exercise programs may represent a valuable alternative, particularly when face-to-face clinical
rehabilitation is not feasible.

Particular exercise methodologies demonstrated unique benefits. Clinical Pilates, focusing on core and
cervical stabilization, resulted in significantly greater improvements in postural alignment and deep neck
flexor endurance compared with conventional home exercises, despite similar levels of pain reduction
between groups (23). In the Pilates study, improvements in craniovertebral angle (CVA) and neck flexor
endurance were significantly greater in the Pilates group compared with the control group. The trial
investigating lower trapezius strengthening demonstrated that only the group performing specific lower
trapezius exercises showed significant increases in muscle thickness and contraction rate, which were
associated with improved alignment and reduced disability. These findings suggest that targeting specific
muscle groups, including deep neck flexors and scapular stabilizers, within a stabilization framework may
provide greater postural benefits compared with general strengthening exercises. Exercise programs
emphasizing spinal stabilization and scapular muscle activation, including Pilates-based exercises and
isolated trapezius strengthening, appear to be effective approaches for improving forward head posture.
The findings of this review are consistent with previous literature demonstrating an association between
head posture and neck health. Systematic reviews have indicated that adults with chronic neck pain
typically demonstrate a greater forward head posture, reflected by reduced CVA, compared with
individuals without neck pain. Lotfian et al. (27) reported that reduced CVA, indicating a more pronounced
forward head posture, was significantly associated with greater neck disability scores. Therefore,
improvements in CVA observed in the included trials may partly explain reductions in pain and disability.
Corrective exercise programs that promote a more posterior head position relative to the shoulders may
reduce mechanical stress on cervical structures and improve neuromuscular balance.

Previous research has shown that women with forward head posture exhibit lower neck extensor endurance
and higher levels of pain and disability compared with individuals without this condition, highlighting the
clinical importance of improving muscle endurance and postural alignment. Collectively, the findings of
this review and previous studies suggest that strengthening and stabilization exercises targeting cervical
and scapular muscles may contribute to improvements in neck posture and related symptoms. Lee (2)
reported that forward head posture was associated with impaired static balance control, including increased
sway velocity and sway distance, whereas no significant effects were observed on dynamic balance. These
findings suggest that FHP may influence specific aspects of postural control, particularly static stability.
Piaillard and Noe (28) emphasized that accurate assessment of postural control requires appropriate
selection of testing methods and variables according to the study population and objectives. Therefore,
combining mechanical, sensory, and cognitive assessment approaches may provide a more comprehensive
evaluation of the sensory, central, and motor components involved in postural stability. Cheng et al. (29)
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observed impaired postural stability during quiet standing among individuals with chronic neck pain.
Following neck flexor fatigue, both individuals with chronic neck pain and asymptomatic young adults
adopted a more rigid control strategy to limit postural sway and maintain head stability during backward
perturbations. Similarly, Hsu et al. (30) reported that chronic neck pain is associated with impaired postural
control and altered cervical muscle activation patterns, and that additional neck flexor fatigue may further
increase balance instability and promote protective muscle control strategies during upper-limb
movements. Abdolahzad and Daneshmandi (31) demonstrated that structured corrective exercise programs
targeting upper crossed syndrome can improve postural alignment and muscle balance. Overall, these
findings indicate that neck flexor endurance and strengthening training may represent an important
component of rehabilitation strategies aimed at improving postural stability.

The findings suggest that rehabilitation programs for neck pain and postural disorders should incorporate
targeted, muscle-specific exercises and, when appropriate, adjunctive manual techniques administered by
trained professionals. Therapists should prioritize exercises targeting the deep cervical flexors and scapular
stabilizers rather than relying exclusively on general home-based programs or passive interventions. The
inclusion of adjunctive approaches such as kinesiotaping or IASTM suggests that combining manual
techniques with exercise may enhance postural outcomes. Furthermore, the evidence supports the
feasibility of tele-rehabilitation, indicating that supervised online exercise programs may improve posture
and reduce symptoms, particularly among individuals with limited access to clinical facilities.
Measurement of CVA and other postural parameters may assist clinicians in monitoring rehabilitation
progress. Patients should be encouraged to participate consistently in supervised corrective exercises and
stabilization programs.

The methodological limitations of the included studies require cautious interpretation of the findings. All
trials lacked double-blinding, as participants and therapists were aware of group allocation, which may
have introduced performance or placebo effects. Blinding was mainly limited to outcome assessors, and
several studies provided insufficient information regarding allocation concealment or intention-to-treat
analysis. Sample sizes were generally modest (approximately 20-60 participants per study), which may
have limited statistical power and reduced generalizability. Moreover, intervention durations were
relatively short, ranging from 4 to 8 weeks, and follow-up periods were limited; therefore, the long-term
sustainability of postural improvements remains uncertain. Heterogeneity in exercise protocols and
outcome measures also restricted direct comparisons between studies. For example, not all studies used
identical definitions or assessment procedures for CVA and postural control. Additionally, most included
studies focused on specific populations, such as office workers or individuals with sagittal cervical
disorientation, which may limit applicability to broader populations with neck pain. Future studies should
include larger, well-designed randomized controlled trials with adequate sample sizes to confirm the
effectiveness of neck muscle strengthening interventions. Researchers should incorporate concealed
allocation, blinded outcome assessment, and preregistered protocols to minimize methodological bias.
Factorial designs may help clarify the independent effects of specific intervention components, including
exercise intensity, taping, and manual therapy. Longer follow-up periods are also required to determine
whether postural improvements are maintained over time. The integration of objective biomechanical
assessments, such as three-dimensional motion analysis and electromyography, may provide further insight
into how strengthening interventions influence muscle activation patterns and postural alignment. Future
investigations should also examine tele-exercise models, adherence strategies, mechanistic pathways
related to cervical endurance and scapular stability, and cost-effectiveness to facilitate clinical
implementation. Addressing these areas will strengthen the evidence base and contribute to the
development of more effective rehabilitation strategies for improving neck posture and function.

4.1 Study Limitations

Methodological limitations, including relatively small sample sizes, short intervention durations, and
limited blinding procedures, require cautious interpretation of the findings. Future research should
prioritize standardized intervention protocols, longer follow-up periods, and investigation of the underlying
mechanisms linking neck strengthening interventions with improvements in postural and sensorimotor
functions.

5. Conclusion
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This systematic review highlights the potential role of neck muscle strengthening interventions in
improving postural control and functional outcomes. Across five randomized controlled trials,
interventions targeting the cervical and scapular musculature, including postural correction exercises,
scapular stabilization, kinesiotaping, clinical Pilates, lower trapezius strengthening, and instrument-
assisted soft tissue mobilization, reported improvements in craniovertebral angle (CVA), muscle
activation, postural alignment, pain, and disability outcomes. Multimodal and supervised interventions
generally showed greater improvements compared with isolated or unsupervised approaches. Programs
combining corrective exercises with adjunctive techniques, such as kinesiotaping, IASTM, or Pilates,
appeared to provide additional benefits for posture and function compared with single-modality
interventions. Similarly, supervised delivery, whether conducted in person or through online platforms,
was associated with better adherence and improved outcomes compared with unsupervised programs.
These findings emphasize the importance of structured, guided, and individualized rehabilitation strategies.
The available evidence suggests that targeted cervical and scapular strengthening may be beneficial in the
management of forward head posture (FHP), upper crossed syndrome (UCS), and chronic neck pain.
Improving postural alignment may contribute to reductions in pain and disability and may enhance
sensorimotor function and overall functional capacity. However, the current evidence remains preliminary,
and clinical recommendations should be interpreted considering the methodological limitations of the
available studies. In conclusion, strengthening of the cervical musculature, particularly when integrated
with multimodal corrective strategies and delivered under professional supervision, represents a promising
approach for improving posture and functional outcomes in individuals with neck dysfunction.
Nevertheless, larger and methodologically rigorous randomized controlled trials with standardized
protocols and long-term follow-up are required before definitive conclusions can be established.
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