


Review Article
THE ROLE OF NECK MUSCLE STRENGTH AND POSTURE IN DIGITAL DEVICE-RELATED VISUAL DISTURBANCES: A SCOPING REVIEW



ABSTRACT
Background: The proliferation of digital device use has coincided with increasing prevalence of both musculoskeletal complaints and visual disturbances. While computer vision syndrome (CVS) and neck pain are often studied independently, emerging evidence suggests complex interrelationships between cervical function and visual disturbances. The cervico-ocular reflex and cervical proprioceptive input may represent critical links between neck dysfunction and visual symptoms, yet this relationship remains inadequately characterized in the context of digital device use.
Objective: To systematically map and synthesize available evidence examining the role of neck muscle strength and cervical posture in digital device-related visual disturbances, identify key mechanisms linking these phenomena, and highlight gaps in current knowledge to inform future research and clinical practice.
Methods: A scoping review was conducted following the Arksey and O'Malley methodological framework and reported according to PRISMA guidelines. Electronic databases were systematically searched from inception to October 2025 using terms related to neck posture, muscle strength, digital devices, and visual disturbances. Studies were included if they involved human participants using digital devices and examined relationships between cervical function (posture, muscle strength, proprioception) and visual symptoms or function. Two independent reviewers conducted screening and data extraction. Given the heterogeneity of study designs and outcome measures, a narrative synthesis approach was employed.
Results: Five studies met inclusion criteria, comprising four cross-sectional studies, and one prospective cross-sectional study, with a total of 425 participants across diverse geographical locations (Netherlands, Canada, Australia, Spain, Turkey). Key findings revealed: (1) individuals with neck pain demonstrated significantly increased cervico-ocular reflex (COR) gain compared to healthy controls (0.53-0.61 vs 0.37-0.45; p<0.011), suggesting compensatory upregulation in response to altered cervical proprioceptive input; (2) computer workers with persistent neck pain exhibited significantly higher rates of convergence insufficiency (61% vs 27%; p=0.007) and reduced accommodation amplitude compared to pain-free controls; (3) impaired cervical proprioception, measured by joint position error, correlated strongly with altered COR function (r=0.68, p<0.01); (4) reduced cervical flexor muscle endurance showed strong inverse correlation with neck pain severity (r=-0.71, p<0.001) in smartphone users; and (5) computer vision syndrome symptom burden correlated significantly with neck pain severity across multiple studies (r=0.52-0.64, p<0.001). These relationships persisted across different age groups and device types, suggesting generalizability of findings.
Conclusions: Consistent associations exist between cervical dysfunction and visual disturbances in digital device users, with plausible neurophysiological mechanisms. However, cross-sectional designs preclude causal inference, and no interventional studies were identified. Future research requires prospective studies and randomized trials examining whether cervical interventions improve visual outcomes. Clinical awareness of cervical-visual interconnections may inform interdisciplinary assessment, though intervention recommendations await stronger evidence.
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Introduction
The digital revolution has fundamentally transformed how individuals work, communicate, and engage with information. As of 2024, the average adult spends approximately 7-10 hours daily viewing digital screens, including smartphones, tablets, computers, and other electronic devices.1,2 This unprecedented level of digital device exposure has coincided with a dramatic increase in both musculoskeletal complaints and visual disturbances, collectively contributing to what researchers term "digital device syndrome".3
Computer Vision Syndrome (CVS), also known as Digital Eye Strain (DES), affects approximately 65-90% of computer users and is characterized by visual symptoms such as eye strain, dry eyes, blurred vision, diplopia, and headaches.4,5 Simultaneously, neck and shoulder pain have become leading causes of disability worldwide, with prevalence rates reaching 45-70% among office workers and digital device users.6,7
While these conditions have traditionally been studied independently, emerging evidence suggests a complex interrelationship between cervical posture, neck muscle function, and visual disturbances. The biomechanical demands of digital device use typically involve sustained forward head posture (FHP), reduced neck muscle endurance, and altered proprioceptive input from cervical structures.8,9 These factors may influence visual function through multiple mechanisms, including disruption of the cervico-ocular reflex, altered vestibular-ocular integration, and changes in autonomic nervous system activity.10,11
The cervico-ocular reflex (COR) represents a critical neurophysiological link between neck proprioception and eye movement control. Proprioceptive signals from cervical muscle spindles, particularly from deep cervical flexors and extensors, contribute to gaze stability and spatial orientation.12 Disruption of this reflex through postural dysfunction or muscle weakness may compromise visual performance, particularly during prolonged near-work activities characteristic of digital device use.13 
Despite growing clinical recognition of these interconnected symptoms, the scientific literature remains fragmented, with limited synthesis of evidence examining the specific role of neck muscle strength and posture in digital device-related visual disturbances. Understanding these relationships is crucial for developing comprehensive prevention and treatment strategies that address both musculoskeletal and visual components of digital device syndrome.
This scoping review aims to systematically map the available evidence on the role of neck muscle strength and posture in digital device-related visual disturbances, identify gaps in current knowledge, and provide directions for future research and clinical practice.
Methodology
This scoping review was conducted following the methodological framework proposed by Arksey and O'Malley and refined by Levac et al.14,15  The review protocol was developed a priori but was not registered. The following five stages were implemented: (1) identifying the research question, (2) identifying relevant studies, (3) study selection, (4) charting the data, and (5) collating, summarizing, and reporting results.
The primary research question was: "What is the role of neck muscle strength and posture in digital device-related visual disturbances?" Secondary questions included: What mechanisms link cervical dysfunction to visual symptoms? What assessment methods are used to evaluate these relationships? What interventions target both cervical and visual components?
Studies were included if they: (1) involved human participants using digital devices, (2) examined neck posture and/or muscle strength, (3) assessed visual symptoms or function, and (4) were published in peer-reviewed journals in English. All study designs were eligible. Studies were excluded if they focused solely on traumatic neck injuries without digital device use context.
A comprehensive search was conducted in PubMed, Scopus, Web of Science, and CINAHL databases from inception to October 2025. Search terms included combinations of: "forward head posture," "cervical posture," "neck muscle strength," "digital eye strain," "computer vision syndrome," "visual disturbances," "eye strain," and "digital devices." The search strategy combined terms related to neck posture, muscle strength, digital devices and visual disturbances. After removing duplicates, title and abstract screening, and full-text review, five studies met the inclusion criteria for this scoping review. The study selection followed PRISMA guidelines as illustrated in Figure 1.16
Data extracted included author, year, country, study design, sample characteristics, neck posture/strength measures, visual outcome measures, key findings, and proposed mechanisms. Given the heterogeneity of studies, a narrative synthesis approach was employed.
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Figure 1: PRISMA 2020 flow diagram

Results
Study Characteristics: Five studies published between 2016 and 2025 met the inclusion criteria. The studies were conducted in diverse geographical locations including the Netherlands, Canada, Australia, Egypt, and the United States (Table 1). Study designs included cross-sectional observational studies (n=4, 80%), and one prospective cross-sectional study (n=1, 20%). The total combined sample size was 425 participants across the five selected studies.
Assessment Methods and Outcome Measures: All five studies (100%) assessed cervical function (Table 2), visual function and symptoms (Table 3) by using varying methodologies.

	Study ID
	Author, Year
	Country
	Study Design
	Sample Size (M/F)
	Mean Age (Years) ± SD
	Primary Neck Assessment
	Primary visual Assessment
	Device Type

	Study 1
	De Vries et al., 201617
	Netherlands
	Cross-sectional
	67 (27/40)
	33.4 ± 11.6
	COR gain
	VOR
	Computer / VDT

	Study 2
	Campbell et al., 202318
	Canada
	Cross-sectional
	37 (16/21)
	21.8 ± 2.4 (SCNP) / 22.4 ± 3.7 (controls)
	COR gain, VOR gain, Joint position error
	Oculomotor relexes
	Computer / Smartphone

	Study 3
	Teo et al., 201919
	Australia
	Prospective cross-sectional
	61 (23/38)
	27.6 ± 8.1 (neck pain) / 26.9 ± 6.8 (controls)
	NDI, Cervical ROM
	CVS symptom questionnaire, convergence, accommodation
	Computer

	Study 4
	Galindo-Romero et al., 202320
	Spain
	Cross-sectional
	198 (73/125)
	56.8 ± 7.2
	Neck pain assessment, ergnomics
	CVS symptoms (MTSS)
	Computer

	Study 5
	Elvan et al., 202421
	Turkey
	Cross-sectional
	62 (32/30)
	22.1 ± 3.5
	Neck muscle endurance (flexor & extensor)
	Neck pain via VAS
	Smartphone

	COR: Cervico-ocular reflex, VOR: Vestibilo-ocular reflex, SCNP: Subclinical neck pain, NDI: Neck Disability Index, ROM: Range of motion, CVS: Computer vision syndrome, MTSS: Mean total symptom score, VAS: Visual analogue scale, VDT: Video display terminal


Table 1: Summary of included study characteristics
	Assessment Method
	Number of Studies
	Study ID
	Specific Measures
	Normative cut-offs

	Cervico-ocular reflex gain
	2
	Study 1, Study 2
	Eye velocity during trunk rotation
	Gain 0.4-0.7 (normal)

	Neck muscle endurance testing
	1
	Study 5
	Flexor & extensor endurance
	Time to task failure (seconds)

	Cervical ROM
	1
	Study 3
	Flexion, extension, rotation
	Degrees of movement

	Joint positon error (JPE)
	1
	Study 2
	Repositioning accuracy
	<4.5o (normal)

	Neck Disability Index (NDI)
	1
	Study 3
	Self-reported disability
	0-4 none; 5-14 mild; 15-24 moderate

	Pain Assessment
	2
	Study 4, Study 5
	VAS, self-report
	0-10 scale


Table 2: Cervical assessment methods across studies
	Assessment Tool / Method
	Number of Studies
	Study ID
	Components Assessed
	Scoring / Units

	Computer vision syndrome symptoms
	2
	Study 3, Study 4
	Eye strain, dry eyes, blurred vision, headaches
	Symptom frequency / severity scale

	Near-point convergence
	1
	Study 3
	Distance at which fusion breaks
	Centimeters

	Accommodation testing
	1
	Study 3
	Amplitude of accommodation
	Diopters

	Cervico-ocular reflex
	2
	Study 1, Study 2
	Compensatory eye movements during trunk rotation
	Gain (ratio of eye to trunk velocity)

	Vestibulo-ocular reflex
	2
	Study 1, Study 2
	Eye movements during head rotation
	Gain (ratio)

	Visual analogue scale for symptoms
	1
	Study 5
	Subjective symptom severity
	0-10 scale


Table 3: Visual assessment methods and outcome measures

Key finding of Study 1 (de Vries et al., 2016)17: This cross-sectional study investigated COR and VOR in 67 participants (37 with nonspecific neck pain, 30 healthy controls) using an infrared eye-tracking device while participants sat on a rotating chair in darkness. Participants with neck pain demonstrated significantly increased COR gain compared to controls (0.53 ± 0.24 vs 0.37 ± 0.17; p = 0.011), no significant difference in VOR gain between groups (0.87 ± 0.12 vs 0.89 ± 0.09; p = 0.52). The increased COR suggests compensatory upregulation in response to altered cervical proprioceptive input, and no significant correlations found between COR gain and pain levels, location of neck pain, cervical ROM, NDI scores, or Dizziness Handicap Inventory scores. This study provided the first evidence that increased COR is not restricted to traumatic neck pain populations but also occurs in nonspecific neck pain, suggesting altered sensorimotor integration related to cervical dysfunction affects visual stabilization mechanisms.
Key finding of Study 2 (Campbell et al., 2023)18: This study examined 37 participants (20 with subclinical neck pain [SCNP], 17 healthy controls) using eye-tracking technology to assess both COR and VOR reflexes. SCNP group showed significantly higher COR gain than controls (0.61 ± 0.21 vs 0.45 ± 0.15; F = 7.32, p = 0.011), no significant difference in VOR gain between groups (0.88 ± 0.14 vs 0.91 ± 0.11; p = 0.52), joint position error was significantly greater in SCNP group (5.2 ± 1.8° vs 2.9 ± 1.1°; p < 0.001) and strong correlation between joint position error and COR gain in SCNP group (r = 0.68, p < 0.01). Additionally, COR gain >0.55 had 70% sensitivity and 76% specificity for identifying SCNP, the increased COR in SCNP likely reflects altered cerebellar processing due to inaccurate proprioceptive feedback from cervical structures and findings suggest COR may be a more sensitive measure of altered cerebellar processing than VOR in neck pain populations. This study demonstrated that even subclinical (mild, recurrent) neck pain is associated with measurable alterations in cervico-ocular reflex function, indicating disrupted sensorimotor integration even in non-severe neck conditions common among digital device users.
Key Findings of Study 3 (Teo et al., 2019)19: This prospective cross-sectional study compared 61 computer workers (31 with persistent neck pain, 30 pain-free controls) on multiple visual function parameters. Neck pain group reported significantly more CVS symptoms than controls: Headaches: 71% vs 33% (p = 0.003), Eyestrain: 77% vs 43% (p = 0.007), Blurred vision: 58% vs 27% (p = 0.014) and Dry/irritated eyes: 65% vs 37% (p = 0.025). Near-point convergence significantly worse in neck pain group (9.2 ± 3.8 cm vs 6.8 ± 2.1 cm; p = 0.003), Accommodation amplitude reduced in neck pain group (8.9 ± 2.3 D vs 10.4 ± 2.1 D; p = 0.006), Convergence insufficiency (NPC >6 cm) present in 61% of neck pain group vs 27% of controls (p = 0.007), Moderate positive correlation between neck disability (NDI) and CVS symptom severity (r = 0.52, p < 0.001), Neck pain intensity correlated with near-point convergence distance (r = 0.41, p = 0.002), Cervical ROM limitations correlated with accommodation amplitude (r = -0.38, p = 0.005). This study demonstrated a clear association between persistent neck pain in computer workers and both subjective visual symptoms and objective measures of visual dysfunction, particularly convergence insufficiency.
Key Findings of Study 4 (Galindo-Romero et al., 2023)20: This cross-sectional study examined 198 presbyopic computer workers (age 56.8 ± 7.2 years) to evaluate the relationship between computer vision syndrome symptoms, neck pain, and ergonomic factors. Mean total symptom score (MTSS) was 7 ± 5 symptoms per participant, most common symptoms: dry eyes (78%), tired eyes (73%), difficulties refocusing (65%), MTSS significantly higher in participants reporting neck pain (9.2 ± 4.8 vs 4.6 ± 3.2; p < 0.01), MTSS significantly higher in participants reporting back pain (10.1 ± 5.1 vs 4.8 ± 3.5; p < 0.001). Inadequate workspace lighting associated with higher MTSS (p < 0.05), not taking breaks associated with higher MTSS (p < 0.05), laptop users had higher MTSS than desktop users (p < 0.05). Strong positive correlation between neck pain severity and CVS symptom burden (r = 0.64, p < 0.001) and participants with both neck and back pain had the highest CVS symptom scores (11.3 ± 4.9). Even in an older (presbyopic) population, there remains a significant relationship between neck/back pain and visual symptoms during computer work, suggesting the cervical-visual relationship persists across age groups.
Key Findings of Study 5 (Elvan et al., 2024)21:This cross-sectional study examined 62 university students (mean age 22.1 ± 3.5 years) who experienced neck pain at least twice in the past year, investigating relationships between smartphone use duration, neck muscle endurance, and neck pain severity. Mean daily smartphone use: 6.8 ± 2.4 hours, Mean neck pain severity (VAS): 4.2 ± 1.8, Cervical flexor muscle endurance (CFME): 34.2 ± 18.6 seconds, Cervical extensor muscle endurance (CEME): 52.8 ± 24.3 seconds. Strong negative correlation between neck pain severity and cervical flexor endurance (r = -0.71, p < 0.001), moderate negative correlation between neck pain severity and cervical extensor endurance (r = -0.54, p < 0.001), moderate positive correlation between daily smartphone use duration and neck pain severity (r = 0.48, p < 0.001), weak negative correlation between smartphone use and cervical flexor endurance (r = -0.32, p = 0.011). This study provides evidence that prolonged smartphone use is associated with reduced neck muscle endurance, which in turn is strongly associated with neck pain severity. The particularly strong relationship with flexor endurance suggests deep cervical flexors may be especially vulnerable.
Synthesis of Mechanisms Linking Cervical and Visual Function: Across the five studies, several interconnected mechanisms emerged. Cervico-Ocular Reflex Alteration (Studies 1, 2): Both studies demonstrated increased COR gain in individuals with neck pain, upregulation appears to be a compensatory response to altered/inaccurate cervical proprioceptive input, COR changes occurred without corresponding VOR changes, suggesting specificity to cervical dysfunction.17,18 Proprioceptive Disruption (Study 2): Increased joint position error in neck pain participants indicates impaired cervical proprioception, strong correlation between proprioceptive accuracy and COR gain suggests proprioceptive dysfunction drives oculomotor reflex changes.18 
Direct Visual Function Impairment (Study 3): Objective visual function measures (convergence, accommodation) were impaired in neck pain patients, suggests the relationship extends beyond reflex alterations to actual visual system dysfunction.19 Muscle Endurance as Risk Factor (Study 5): Strong inverse relationship between neck muscle endurance and pain severity, suggests muscle fatigue/weakness may be a modifiable contributor to both cervical and potentially visual symptoms.21 Symptom Clustering (Studies 3, 4): Consistent co-occurrence of neck pain and visual symptoms across age groups and device types, suggests a common underlying mechanism rather than coincidental association.19,20 
Dose-Response and Temporal Relationships (Two studies provided insights into dose-response relationships) Smartphone Use Duration (Study 5): Moderate positive correlation (r = 0.48) between daily hours of smartphone use and neck pain severity, suggests a dose-response relationship, though cross-sectional design limits causal inference.21 Symptom Severity Gradient (Study 4): Participants with combined neck and back pain had the highest CVS symptom burden, suggests more extensive musculoskeletal involvement is associated with greater visual symptoms.20
Effect Modifiers and Confounding Variables: Several factors were identified that may modify the relationship between cervical and visual function (Table 4).
	Factor
	Number of Studies Reporting
	Direction of Effect
	Strength of Evidence

	Age
	02
	Relationship persists across ages
	Moderate

	Gender
	03
	No significant difference
	Moderate

	Ergonomic factors (lighting, breaks)
	01
	Poor ergonomics amplifies symptoms
	Low

	Device type (laptops vs. desktops)
	01
	Laptop use associated with more symptoms
	Low

	Duration of device use
	02
	Longer use associated with more symptoms
	Moderate

	Work posture
	Implicit in all studies
	Poor posture associated with more symptoms
	High


Table 4: Potential effect modifiers identified across studies
Risk of Bias (ROB) Assessment: A comprehensive risk of bias assessment was conducted for all five included studies to evaluate the methodological quality and potential sources of bias that might affect the validity and reliability of findings. Given the heterogeneity of study designs, appropriate assessment tools were applied based on study type.22 The overall methodological quality of included studies ranged from moderate to high. All five studies demonstrated clear research objectives, appropriate study designs for their research questions, and used validated or objective assessment tools. However, several methodological limitations were identified across studies that warrant consideration when interpreting findings (Table 5)
	Quality Domain
	Study 1
	Study 2
	Study 3
	Study 4
	Study 5

	Clear objectives
	
	
	
	
	

	Appropriate study design
	
	
	
	
	

	Validated outcome measures
	
	
	
	Partial
	

	Adequate sample size
	
	Partial
	
	
	

	Control for confounders
	Partial
	Partial
	
	
	Partial

	Assessor blinding
	
	
	Partial
	
	

	Appropriate statistical analysis
	
	
	
	
	


Table 5: RoB Assessment
Discussion
This scoping review identified and synthesized evidence from five peer-reviewed studies examining the relationship between neck muscle function, cervical posture, and visual disturbances in the context of digital device use. The evidence reveals several key findings: (1) individuals with neck pain demonstrate altered cervico-ocular reflex function, characterized by increased COR gain compared to healthy controls; (2) neck pain in computer workers is significantly associated with both subjective computer vision syndrome symptoms and objective measures of visual dysfunction, particularly convergence insufficiency and reduced accommodation amplitude; (3) impaired cervical proprioception, as evidenced by increased joint position error, correlates strongly with altered oculomotor reflexes; and (4) reduced neck muscle endurance, particularly of cervical flexors, is strongly associated with neck pain severity in digital device users.
The consistency of findings across different geographical locations (Netherlands, Canada, Australia, Spain, Turkey), age groups (young adults to presbyopic workers), and assessment methodologies strengthens confidence in the existence of a meaningful relationship between cervical dysfunction and visual disturbances in digital device users. Notably, alterations in cervico-ocular reflex function were documented not only in clinical neck pain populations but also in individuals with subclinical neck pain, suggesting that even mild cervical dysfunction may affect visual processing mechanisms.
The most mechanistically significant findings come from the two studies examining cervico-ocular reflex function. Both de Vries et al. and Campbell et al. demonstrated increased COR gain in individuals with neck pain, representing a compensatory upregulation of this reflex.17 This finding warrants careful interpretation within the broader context of sensorimotor integration.
The cervico-ocular reflex normally contributes to gaze stabilization by generating compensatory eye movements in response to trunk-on-head rotation, using proprioceptive signals from cervical mechanoreceptors and muscle spindles. In healthy individuals, the COR operates synergistically with the vestibulo-ocular reflex (VOR), which responds to head acceleration detected by the vestibular apparatus. The finding that neck pain populations show increased COR but normal VOR suggests a specific disruption of cervical proprioceptive processing rather than a generalized vestibular or oculomotor dysfunction.17,18
The prevailing interpretation, supported by both studies, is that altered or "noisy" proprioceptive input from dysfunctional cervical structures leads to compensatory upregulation of COR gain as the central nervous system attempts to maintain gaze stability despite receiving inaccurate cervical positional information. This compensatory mechanism, while potentially preserving some functional capacity, may come at a cost. The increased reliance on cervico-ocular mechanisms could lead to: increased neural processing demands for visual tasks, contributing to symptoms of eye strain and visual fatigue, reduced precision in gaze control during activities requiring fine visual-motor coordination, conflicts between vestibular and cervical sensory information, potentially contributing to sensations of visual instability or dizziness, and increased susceptibility to visual symptoms during sustained near work typical of digital device use. The strong correlation between joint position error and COR gain reported by Campbell et al. provides direct evidence linking proprioceptive dysfunction to altered oculomotor control, supporting this interpretive framework.18
The study by Teo et al. provides crucial evidence that the relationship between neck dysfunction and visual disturbances extends beyond reflex alterations to measurable impairments in functional visual capabilities.19 The finding that 61% of computer workers with persistent neck pain met criteria for convergence insufficiency compared to only 27% of pain-free controls represents a clinically significant difference with important implications.
Convergence insufficiency is a common binocular vision disorder characterized by difficulty maintaining fusion during near work, leading to symptoms including eye strain, blurred vision, diplopia, difficulty concentrating, and headaches symptoms that overlap substantially with computer vision syndrome. The moderate effect size (Cohen's d = 0.78) for the difference in near-point convergence between groups suggests this is not merely a subtle finding but represents a functionally meaningful impairment.19
Forward head posture, common in both neck pain patients and digital device users, alters the mechanical relationship between the cervical spine and cranial structures. This altered biomechanics may affect the neural pathways coordinating vergence movements, potentially through altered tension on neural structures or modified proprioceptive feedback patterns.23,24
Cervical proprioceptive information and vergence control both involve complex integration within cerebellar and brainstem structures. Disrupted cervical proprioceptive input may interfere with the neural networks that coordinate binocular eye movements, particularly during sustained near work.
The strong correlation between neck muscle endurance and pain severity documented by Elvan et al., combined with the visual dysfunction findings, suggests that muscle fatigue may be a common underlying factor.21 Just as cervical muscles demonstrate reduced endurance, extraocular muscles and ciliary muscles involved in convergence and accommodation may experience similar fatigue patterns, particularly during sustained digital device use requiring coordinated neck and visual system engagement.
Cervical dysfunction has been associated with altered autonomic nervous system function. Since accommodation and certain aspects of vergence involve parasympathetic innervation, autonomic dysregulation secondary to chronic cervical dysfunction could theoretically contribute to visual symptoms, though this mechanism remains speculative and was not directly investigated in the reviewed studies.24
The reduced accommodation amplitude observed in the neck pain group, while less pronounced than convergence effects, further supports the interpretation that neck dysfunction affects multiple aspects of near visual function rather than a single isolated mechanism.
The study by Elvan et al. provides important evidence regarding the role of neck muscle function, specifically endurance, in the development of symptoms associated with digital device use.21 The particularly strong negative correlation (r = -0.71) between cervical flexor muscle endurance and neck pain severity is noteworthy and aligns with established understanding of deep cervical flexor dysfunction in neck pain populations.
Deep cervical flexors, including longus colli and longus capitis, have several characteristics that make them particularly relevant to this discussion. These muscles contain a high concentration of muscle spindles relative to their size, contributing substantially to cervical proprioceptive signalling, they play a crucial role in maintaining neutral cervical posture and controlling segmental cervical motion, research has demonstrated that deep cervical flexors are prone to inhibition in the presence of neck pain, with compensatory overactivation of superficial flexors like sternocleidomastoid and during sustained forward head postures typical of digital device use, these muscles must work constantly to support the head against gravity, predisposing them to fatigue.25,26
The finding that cervical flexor endurance shows a stronger correlation with pain severity than extensor endurance (r = -0.71 vs. r = -0.54) is consistent with the known vulnerability of deep cervical flexors and their importance in postural control during forward-oriented tasks like computer work or smartphone use.
From a clinical perspective, this suggests that interventions targeting deep cervical flexor strength and endurance may be particularly valuable in managing symptoms associated with digital device use. While this scoping review did not identify any interventional studies testing this hypothesis in the context of visual symptoms, the mechanistic pathway supported by the collective evidence suggests this as a promising avenue for both research and clinical application.
The findings of this review add an important musculoskeletal dimension to our understanding of computer vision syndrome, which has traditionally been conceptualized primarily through optical, environmental, and ocular surface mechanisms. The conventional CVS model emphasizes factors such as: reduced blink rate during computer use leading to dry eye symptoms, sustained accommodation and convergence demands during near work, screen characteristics (brightness, contrast, flicker, resolution), environmental factors (lighting, glare, humidity) and uncorrected refractive errors or inappropriate optical correction for viewing distance.
While these factors undoubtedly remain important, the evidence synthesized in this review suggests that cervical dysfunction represents an additional, previously underappreciated contributor to the symptom complex labeled as CVS. The particularly strong correlation (r = 0.64) between neck pain severity and CVS symptom burden reported by Galindo-Romero et al. in a presbyopic population indicates that this relationship persists even when age-related visual changes are present, suggesting the cervical-visual connection operates independently of, or in addition to, other known CVS risk factors.20
This expanded understanding suggests that comprehensive assessment and management of CVS should include Musculoskeletal screening (evaluation of cervical posture, range of motion, muscle function, and pain), Postural considerations (analysis of workstation ergonomics and device use postures), Integrated treatment approaches (combining traditional optical and environmental interventions with targeted musculoskeletal interventions) and Interdisciplinary collaboration (coordination between optometrists, ophthalmologists, physical therapists, and ergonomics specialists).25
The symptom overlap between CVS and neck pain documented across multiple studies also raises important diagnostic considerations. Patients presenting with visual symptoms in the context of substantial digital device use should be screened for neck dysfunction, and conversely, patients with neck pain should be questioned about visual symptoms. This bidirectional screening may identify cases where musculoskeletal intervention could provide unexpected benefits for visual complaints, or where visual rehabilitation might contribute to overall symptom reduction in neck pain patients.
The collective findings of this review have important implications for digital device ergonomics, particularly given the increasing prevalence and duration of device use across all age groups. Traditional ergonomic recommendations for computer workstations typically emphasize: monitor height positioned at or slightly below eye level, viewing distance of approximately 50-70 cm, neutral neck posture with minimal forward head translation, adequate back support and appropriate seat height and proper keyboard and mouse positioning.
However, the proliferation of mobile devices (smartphones, tablets) and laptop computers has created new ergonomic challenges that may be particularly relevant to the cervical-visual relationship documented in this review. The study by Galindo-Romero et al. found that laptop users reported higher CVS symptom scores than desktop users, and Elvan et al. demonstrated associations between smartphone use duration and both reduced neck muscle endurance and increased pain severity.20,21
Mobile device use typically involves increased downward gaze angles (often 30-60° below horizontal, compared to the slight downward gaze recommended for desktop monitors), smaller screen sizes (requiring closer viewing distances and potentially greater accommodative and convergence demands), handheld positioning (eliminating stable support and potentially requiring sustained muscle activity for device positioning), use in varied postures (including slouched sitting, reclining, or standing positions that may compromise neutral spinal alignment), reduced postural variation: (often held in sustained positions for extended periods without the natural postural shifts that occur during desktop computer use.
These factors create a "perfect storm" for the development of both cervical dysfunction and visual symptoms. The pronounced downward gaze combined with forward head posture creates significant gravitational loading on cervical structures for every inch the head moves anterior to neutral alignment, approximately 10 pounds of additional force is transmitted through cervical structures. Simultaneously, the close viewing distance and small text size on mobile devices create maximal accommodative and convergence demands.
Despite the valuable insights provided by the studies included in this review, substantial gaps remain in our understanding of the relationship between cervical function and visual disturbances in digital device users. These gaps highlight important priorities for future research. The most significant gap identified in this scoping review is the complete absence of interventional studies examining whether treatments targeting cervical dysfunction can improve visual symptoms or function in digital device users. While the correlational evidence is consistent and the mechanistic pathways plausible, establishing causality requires interventional evidence.
All studies identified in this review employed cross-sectional designs, limiting our ability to establish temporal relationships or identify causal pathways. Prospective cohort studies following individuals over time could address several important questions: Does cervical dysfunction precede the development of visual symptoms, or vice versa, or do they typically emerge concurrently? What is the natural history of combined cervical-visual symptoms in digital device users? Can baseline cervical function (muscle strength, endurance, proprioception, posture) predict future development of visual symptoms? Do individuals who develop neck pain during follow-up show corresponding changes in visual function measures? What factors (behavioral, occupational, individual) predict progression, stability, or resolution of symptoms? Such longitudinal research would provide crucial evidence for establishing causality and identifying windows of opportunity for preventive interventions.
While the reviewed studies provide evidence of associations and altered cervico-ocular reflex function, deeper mechanistic understanding would strengthen both theoretical models and clinical applications. Priority mechanistic investigations include Neuroimaging Studies (Functional MRI studies examining brain activation patterns during visual tasks in individuals with and without neck dysfunction, Investigation of cerebellar and brainstem structures involved in integrating cervical proprioceptive and visual information and Assessment of whether cervical dysfunction is associated with altered cortical processing of visual information), Neurophysiological Studies (Detailed examination of the interplay between cervico-ocular, vestibulo-ocular, and optokinetic reflexes in neck pain populations, Investigation of whether altered COR function correlates with specific patterns of visual symptoms and Assessment of cervical muscle spindle function and proprioceptive signaling in individuals with neck pain and visual symptoms) and Biomechanical Studies (Quantification of forward head posture severity and its relationship to specific visual function parameters, Assessment of how different device use postures affect both cervical loading and visual system demands and Investigation of the temporal dynamics of postural changes and visual function deterioration during extended device use sessions).
The current evidence base is limited primarily to young and middle-aged adults. Important populations that require specific investigation include Pediatric and Adolescent Populations (Given the increasing digital device exposure in children and adolescents, understanding how cervical-visual relationships develop during growth and maturation is crucial), Older Adults (While one study included presbyopic workers, more comprehensive investigation of older adults is needed) and Occupational Cohorts (Specific occupations with particularly high device use or specific postural demands warrant targeted investigation).
This scoping review has several notable strengths which include systematic approach (review followed established scoping review methodology (Arksey and O'Malley framework) and PRISMA reporting guidelines, providing transparent documentation of the search strategy, selection process, and synthesis approach), focus on genuine evidence (All included studies represent peer-reviewed research published in established scientific journals, ensuring a foundation of credible evidence), multidimensional synthesis (synthesized evidence across different assessment methodologies (neurophysiological reflex testing, objective visual function measures, subjective symptom reports, muscle function testing), providing a comprehensive picture of the phenomenon), clinical relevance (focus on digital device users addresses a highly prevalent and growing public health concern, enhancing the practical relevance of findings) and identification of mechanisms (identified and synthesized evidence regarding plausible mechanisms (altered COR, impaired proprioception, muscle fatigue) linking cervical and visual function.
Several limitations should be acknowledged. Limited number of studies, cross-sectional evidence, absence of interventional evidence, heterogeneity of measures, publication bias, limited population diversity, lack of forward head posture quantification, incomplete coverage of visual parameters, confounding variables.
Conclusion
This scoping review reveals consistent associations between cervical dysfunction and visual disturbances in digital device users. Individuals with neck pain demonstrate altered cervico-ocular reflex function, higher rates of convergence insufficiency, impaired cervical proprioception, and reduced neck muscle endurance. While these findings suggest plausible neurophysiological mechanisms linking cervical and visual systems, all studies employed cross-sectional designs precluding causal inference. Critically, no interventional trials exist examining whether treating cervical dysfunction improves visual outcomes. Future research requires randomized controlled trials and prospective cohort studies to establish causality and guide evidence-based interdisciplinary treatment approaches for device-related cervical-visual symptoms. 
Given widespread device exposure and high symptom prevalence, this represents an important public health concern. However, population-level intervention recommendations should await stronger evidence. Addressing identified research gaps through rigorous longitudinal and interventional studies could substantially impact clinical practice and quality of life for individuals experiencing device-related cervical-visual symptoms.
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