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Abstract
Smartphone usage has become ubiquitous globally, yet prolonged screen time contributes to 
significant postural abnormalities including forward head posture and rounded shoulders in regular 
users. The current study builds upon previous pilot investigations examining the efficacy of targeted 
stretching and strengthening protocols in correcting these postural deviations. This evidence-
based review synthesizes findings from recent clinical trials examining interventions designed to 
ameliorate smartphone-induced postural abnormalities through progressive exercise protocols. 
Recent investigations employing craniovertebral angle (CVA) measurement and scapular index 
assessment have demonstrated statistically significant improvements in postural alignment following 
four-week multimodal rehabilitation protocols. The present analysis examines the pathophysiologic 
mechanisms underlying smartphone-related postural changes, reviews current assessment 
methodologies, synthesizes clinical trial evidence, proposes optimized exercise programming, 
and identifies gaps requiring future research. Meta-analytic consideration of published studies 
reveals that combined stretching and strengthening interventions produce clinically meaningful 
improvements in forward head posture, rounded shoulder posture, pain reduction, and functional 
capacity in chronic smartphone users. These findings support the implementation of targeted 
preventive and rehabilitative programs addressing smartphone-related postural pathology in 
academic, workplace, and community settings.
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Introduction and Problem Statement
The proliferation of smartphone technology has fundamentally altered patterns of human 

movement and postural behavior, particularly among young adults and adolescents whose 
developmental years coincide with widespread device adoption. Global smartphone penetration 
exceeds 85 percent of the adult population, with average daily usage ranging from 4-8 hours, 
frequently exceeding recommended safe exposure limits [1]. This technological ubiquity has created 
a contemporary postural pathology distinct from occupational or anatomical postural abnormalities 
previously described in ergonomic literature.

Prolonged smartphone engagement typically involves sustained cervical flexion coupled with 
forward shoulder positioning, creating a biomechanically disadvantageous posture referred to 
colloquially as "text neck syndrome" or more formally as "smartphone-related postural syndrome" 
[2, 3]. The cervical spine experiences compressive loading exceeding 50 pounds of additional 
stress when sustained in the 15-60 degree flexion angles typical of smartphone use, compared to 
the neutral 10-12 pound loading experienced during normal cervical alignment [4]. This repetitive 
mechanical insult, maintained for cumulative hours daily over years of smartphone ownership, 
produces measurable structural and functional postural changes.

Postural abnormalities consequent to smartphone usage manifest predominantly in two 
anatomical regions: the cervical-thoracic junction (forward head posture) and the glenohumeral-
scapular complex (rounded shoulder posture or forward shoulder posture). Forward head posture 
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(FHP) represents a postural deviation where the head assumes an 
anterior position relative to the vertical axis of the body, typically 
characterized by excessive cervical flexion coupled with thoracic 
kyphosis [5]. This postural configuration creates muscular imbalance 
wherein cervical extensors become chronically lengthened and 
inhibited while anterior cervical muscles develop adaptive shortening 
and overactivity [6].

Concurrently, forward shoulder posture develops through similar 
mechanisms involving adaptive shortening of pectoralis major and 
minor muscles coupled with lengthening and inhibition of scapular 
retractors and thoracic spine extensors. These muscular imbalances 
restrict scapular mechanics, reduce glenohumeral joint proprioceptive 
feedback, and predispose to subacromial impingement syndromes 
[7]. The structural consequences extend beyond muscular adaptation; 
chronic forward head and shoulder posture produces degenerative 
changes in cervical disc-vertebral architecture, increased intradiscal 
pressure, altered foraminal stenosis risks, and progressive reduction 
in cervical lordotic curvature [8, 9].

Clinical Significance of Postural Dysfunction
The clinical sequelae of smartphone-related postural abnormalities 

extend beyond aesthetic concerns. Pain complaints emerge 
prominently: approximately 60-80 percent of chronic smartphone 
users report neck pain, shoulder pain, or upper back pain [10]. These 
pain complaints frequently meet diagnostic criteria for myofascial 
pain syndrome involving the upper trapezius, levator scapulae, and 
posterior cervical musculature [11]. Progressive severity produces 
functional disability affecting daily activities, reducing quality of life, 
and frequently prompting healthcare utilization [12].

Neurologic consequences represent an additional concern. 
Prolonged cervical flexion associated with FHP reduces cervical 
foraminal diameters, increasing risk for radicular symptoms and 
nerve root compression [13]. Upper limb nerve compression 
syndromes, including brachial plexus compression and ulnar/radial 
nerve entrapment, occur with increased incidence in individuals 
with chronic FHP and forward shoulder posture combined with 
smartphone handling demands [14].

Respiratory function deterioration accompanies postural 
abnormalities secondary to smartphone usage. The thoracic kyphosis, 
scapular protraction, and shoulder elevation accompanying FHP 
mechanically restrict respiratory excursion, reducing diaphragmatic 
function and increasing reliance on accessory respiratory muscles 
[15]. Studies employing pulmonary function testing demonstrate 
statistically significant reductions in forced vital capacity (FVC) and 
forced expiratory volume in individuals with smartphone-related 
postural abnormalities compared to normal posture controls [16].

Evidence Gap and Research Rationale
Despite the clinical significance of smartphone-related postural 

dysfunction, substantial gaps persist in the evidence base addressing 
therapeutic interventions. While several pilot studies have examined 
stretching and strengthening exercise protocols, larger randomized 
controlled trials employing objective outcome measures remain 
limited. A pilot investigation conducted by Muthukrishnan and 
Rajadurai (2025) specifically examined the effectiveness of stretching 
and strengthening exercise protocols in correcting upper postural 
changes in frequent smartphone users, employing craniovertebral 
angle and scapular index as primary outcome measures [17]. This 
pilot work provides preliminary evidence supporting targeted 

exercise interventions but highlights the need for larger confirmatory 
trials, longer follow-up periods, and clarification of optimal exercise 
parameters.

The present review synthesizes current evidence on stretching and 
strengthening exercise interventions for smartphone-related postural 
pathology, examines underlying biomechanical and physiologic 
mechanisms, reviews current assessment and measurement 
approaches, evaluates clinical efficacy data across published studies, 
proposes evidence-based rehabilitation programming, and identifies 
critical research gaps requiring future investigation.

Pathophysiology: Mechanisms of 
Smartphone-Related Postural Dysfunction
Biomechanical Analysis of Smartphone Usage Posture

The biomechanical stresses generated during typical smartphone 
use differ qualitatively from occupational postural stresses previously 
characterized in ergonomic research. Traditional occupational 
postures involving computer work typically involve forward head 
positioning of 15-20 degrees of cervical flexion, whereas smartphone 
usage frequently involves 30-60 degrees of cervical flexion when 
viewing a handheld device positioned below eye level [18]. This 
substantially greater flexion angle exposes cervical structures to 
dramatically increased load.

Biomechanical modeling demonstrates that cervical spine loading 
increases exponentially with increasing cervical flexion angles. A 
neutral cervical posture (0 degrees flexion) experiences approximately 
10-12 pounds of gravitational load on cervical structures. At 15 
degrees flexion, this load increases to approximately 27 pounds. At 
30 degrees flexion, loading reaches 40 pounds. At 45 degrees flexion, 
cervical structures experience 49 pounds of load, and at 60 degrees 
flexion—typical when viewing a smartphone held in the lap—cervical 
structures sustain approximately 60 pounds of stress [19]. When 
these loads are maintained for cumulative hours daily over months 
or years, the mechanical stimulus exceeds tissue adaptive capacity, 
leading to degenerative changes.

The increased compressive loading experienced by cervical discs 
creates elevated intradiscal pressure, reducing disc height over time 
and increasing risk for disc herniation, bulging, and degenerative 
disc disease [20]. Simultaneously, the eccentric loading produced by 
combined flexion and forward head positioning creates shear stresses 
on facet joint surfaces, accelerating articular cartilage degeneration 
and promoting spondylotic changes [21].

Muscular Adaptation and Postural Dysfunction
Sustained postural positioning triggers adaptive changes in 

skeletal muscle including alterations in fiber type distribution, 
contractile protein expression, and neuromuscular activation 
patterns [22]. Muscles maintaining the chronically lengthened 
position develop inhibition and weakness, while muscles in shortened 
positions develop adaptive shortening and overactivity [23].

In forward head posture, the pattern of muscular adaptation 
follows predictable principles: anterior cervical muscles (longus 
colli, longus capitis, sternocleidomastoid) and pectoralis major/
minor assume shortened positions and develop adaptive shortening 
accompanied by trigger point formation and myofascial pain 
characteristics [24]. Concurrently, posterior cervical extensors 
(splenius capitis, splenius cervicis, semispinalis capitis) and scapular 
retractors (rhomboid major/minor, middle trapezius, lower trapezius) 
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assume lengthened positions, developing inhibition, weakness, and 
reduced neuromuscular activation [25].

This muscular imbalance perpetuates postural dysfunction 
through multiple mechanisms. Shortened anterior muscles 
mechanically restrict anterior cervical mobility and pull cervical 
vertebrae into forward positions. Inhibited posterior muscles lose 
capacity to oppose this forward pull and maintain neutral cervical 
positioning. Additionally, the neuromuscular inhibition of posterior 
muscles reduces proprioceptive feedback from elongated muscle 
spindles, further compromising postural control mechanisms [26].

Upper Trapezius Overactivity and Scapular Dysfunction
A particularly significant finding in smartphone users involves 

excessive upper trapezius activation coupled with relative inhibition 
of lower trapezius and serratus anterior muscles. This muscular 
imbalance produces scapular dyskinesis characterized by excessive 
elevation, protraction, and anterior tilting [27]. The altered scapular 
positioning reduces the scapulohumeral rhythm necessary for normal 
shoulder function and increases subacromial impingement risk [28].

The upper trapezius hyperactivity appears mediated partly 
through defensive muscle guarding secondary to neck pain, partly 
through adaptive postural positioning, and partly through ergonomic 
factors including how smartphone devices are typically held (in the lap 
or at chest height below eye level) [29]. The sustained upper trapezius 
activation creates chronically elevated shoulder positioning, which 
further perpetuates the forward shoulder posture and accelerates 
fatigability of shoulder stabilizing musculature.

Postural Control and Proprioceptive Dysfunction
Forward head posture alters the body's center of gravity 

distribution, displacing the center of gravity anteriorly relative to the 
vertical gravity line through the base of support [30]. This anterior 
center of gravity displacement requires compensatory muscle 
activation, increases postural sway oscillations, and reduces postural 
stability margins, particularly on challenging surfaces or in dual-task 
conditions [31].

The proprioceptive disruption accompanying forward head 
posture involves multiple mechanisms. The cervical spine contains 
disproportionately high concentrations of muscle spindles and 
proprioceptive mechanoreceptors compared to other spinal regions, 
making cervical proprioception particularly sensitive to postural 
positioning changes [32]. The chronic lengthening of posterior 
cervical muscles reduces proprioceptive feedback from muscle 
spindles, compromising the feedback mechanisms normally used 
to maintain postural orientation and balance [33]. Additionally, 
the altered cervical positioning changes the reference frame used by 
vestibular structures for computing spatial orientation and balance 
[34].

Clinical Assessment and Outcome 
Measurement
Craniovertebral Angle Assessment

The craniovertebral angle (CVA) represents the most extensively 
validated objective measurement of forward head posture in 
conservative rehabilitation literature [35]. The CVA measurement 
involves establishing a horizontal reference line through the C7 spinous 
process and measuring the angle formed between this horizontal line 
and a second line originating from the C7 spinous process directed 
toward the tragus of the ear (the anterior cartilaginous projection at 

the ear entrance) [36].

Proper CVA measurement technique requires precise patient 
positioning. Patients assume a natural standing posture with feet 
shoulder-width apart, arms hanging comfortably at sides, and gaze 
directed straight ahead [37]. A lateral photograph is obtained from a 
standardized distance (typically 75 centimeters) and height (typically 
150 centimeters from ground level) to ensure consistent image 
magnification [38]. Small adhesive markers are typically placed on 
anatomical landmarks (tragus, C7 spinous process) to improve angle 
measurement accuracy.

The CVA demonstrates strong reliability and validity for assessing 
forward head posture. Previous studies report intraclass correlation 
coefficients (ICC) for CVA measurement ranging from 0.88 to 
0.98, indicating excellent within-examiner and between-examiner 
reliability [39]. The CVA correlates significantly with radiographic 
measurements of cervical lordotic curvature and sagittal vertebral 
alignment, confirming its validity for assessing true structural postural 
changes rather than merely superficial positioning differences [40].

Clinical interpretation of CVA follows established cutoff 
thresholds. A CVA angle of 50 degrees or greater indicates normal 
cervical posture, while a CVA less than 48-50 degrees indicates 
pathologic forward head posture [41]. Within the forward head 
posture category, progressive decreases in CVA correspond to 
increasingly severe postural deviation and greater dysfunction 
severity.

Scapular Index Assessment
The scapular index represents an objective measurement of 

scapular positioning relative to the thoracic spine, thereby quantifying 
the degree of forward shoulder posture or scapular protraction [42]. 
Scapular index measurement employs anthropometric landmarks 
identified through palpation: the sternal notch (SN), coracoid process 
(CP), posterolateral angle of the scapula (PLA), and thoracic spine 
(TS) at the level of the inferior angle of the scapula.

The measurement procedure requires the patient to stand in 
anatomical position with arms hanging comfortably at sides. Four 
anatomical landmarks are identified and marked: (1) the sternal 
notch (midline anterior thorax at the junction of manubrium and 
body), (2) the coracoid process (anterior shoulder at the anterior tip 
of the coracoid process where it projects anteriorly from the scapula), 
(3) the posterolateral angle of the scapula (the most lateral aspect of 
the scapular acromion process), and (4) the thoracic spine at the level 
of the inferior angle of the scapula.

Distance measurements are obtained using flexible measuring 
tape or digital calipers: the distance from sternal notch to coracoid 
process (SN-CP distance) and the distance from the posterolateral 
angle of acromion to the thoracic spine (PLA-TS distance). The 
scapular index is calculated using the formula:

Scapular Index = (SN-CP distance / PLA-TS distance) × 100

A higher scapular index indicates more normal scapular 
positioning with appropriate scapular retraction, while a lower 
scapular index indicates forward scapular positioning (protracted 
scapula) characteristic of rounded shoulder posture [43]. Values 
below 75 generally indicate pathologic scapular protraction.

The scapular index demonstrates adequate reliability and validity 
in previous studies. Research examining the effect of smartphone 
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usage time on posture and respiratory function demonstrates that 
subjects using smartphones more than 4 hours daily developed 
significantly lower scapular index values compared to those with 
less screen time, indicating progressive scapular protraction with 
increased smartphone exposure [44].

Clinical Evidence: Efficacy of Stretching and 
Strengthening Interventions
Pilot Study Evidence: Muthukrishnan and Rajadurai (2025)

A recent pilot study by Muthukrishnan and Rajadurai (2025) 
published in the International Journal of Scientific Research 
specifically examined the effectiveness of stretching and strengthening 
exercise protocols in correcting upper postural changes in frequent 
smartphone users [45]. This investigation recruited 60 subjects from 
Meenakshi Medical College Hospital and Research Institute campus 
who were screened for postural abnormalities including forward 
head posture and forward shoulder posture secondary to chronic 
smartphone usage.

The intervention protocol consisted of 4 weeks of structured 
exercises performed 4 days per week, incorporating both stretching 
and strengthening components. Stretching interventions targeted 
chronically shortened muscles including pectoralis major, pectoralis 
minor, upper trapezius, sternocleidomastoid, and anterior cervical 
musculature. Strengthening interventions emphasized muscles in 
lengthened/inhibited positions including middle trapezius, lower 
trapezius, rhomboid major and minor, deep cervical flexors, and 
scapular stabilizing musculature.

Primary outcome measures consisted of craniovertebral angle 
(CVA) assessment and scapular index measurement, both obtained at 
baseline and after the 4-week intervention period. Statistical analysis 
employed paired t-tests for intra-group comparisons between 
baseline and post-intervention measurements.

Results of Muthukrishnan and Rajadurai Study
The results demonstrated statistically significant improvement 

in both primary outcome measures. Craniovertebral angle showed 
statistically extremely significant improvement (p < 0.0001), with 
mean increases in CVA angle indicating correction of forward head 
posture. Scapular index similarly demonstrated statistically extremely 
significant improvement (p < 0.0001), indicating correction of 
forward shoulder posture toward normal scapular positioning.

These findings provide preliminary evidence supporting the 
efficacy of structured stretching and strengthening exercise protocols 
in correcting smartphone-related postural abnormalities over a 
4-week intervention period. The magnitude of statistical significance 
(p < 0.0001) indicates not merely statistically detectable but clinically 
meaningful improvement in postural alignment.

Comparison with Other Postural Correction Interventions
Multiple additional investigations have examined stretching 

and strengthening interventions for smartphone-related postural 
dysfunction, providing additional evidence supporting exercise-based 
approaches. A study examining the effect of exercise training and 
postural correction on upper extremity function among smartphone 
users (Abdelhameed et al., 2016) demonstrated that postural 
correction combined with selected exercise training significantly 
improved hand grip strength, key pinch grip strength, and reduced 
upper extremity disability (measured via DASH scores) compared to 
control groups [46].

Jung et al. (2016) investigated the effect of smartphone usage 
time on posture and respiratory function among college students, 
employing CVA and scapular index as outcome measures [47]. This 
cross-sectional investigation demonstrated significant differences in 
both CVA and scapular index between students using smartphones 
less than 4 hours daily versus those exceeding 4 hours daily usage, 
providing epidemiologic evidence of dose-dependent postural 
deterioration with increased smartphone exposure.

A clinical case report by Oakley et al. (2022) described a 24-year-
old young man with text neck syndrome presenting with cervical 
radiculopathy, kyphotic cervical alignment, and paresthesia in C6 
dermatome distribution secondary to extensive smartphone use 
[48]. Therapeutic intervention included postural education for 
correct smartphone handling, cervical manipulation, and extension 
traction therapy. After 9 months of treatment, radiographic imaging 
demonstrated correction of cervical kyphosis, normalized cervical 
curvature, and resolution of neurologic symptoms.

A more recent investigation by Nathani et al. (2024) examined 
a tailor-made physiotherapy protocol for smartphone-addicted 
individuals with text neck syndrome and SMS (short message 
service) thumb, employing visual analog scale (VAS) for pain, Neck 
Disability Index (NDI), and range of motion (ROM) as outcome 
measures [49]. This 3-week intervention in 54 smartphone-addicted 
participants produced statistically significant improvements in pain, 
neck disability, and functional outcomes.

Mechanisms of Exercise-Induced Postural Improvement
The mechanisms through which stretching and strengthening 

interventions correct smartphone-related postural dysfunction 
operate at multiple physiologic levels. Stretching of chronically 
shortened muscles produces structural lengthening through 
sarcomere adaptation and mechanical deformation of adaptive 
collagen crosslinks, restoring resting muscle length toward normal 
values [50]. This mechanical lengthening reduces the shortened 
muscles' tendency to maintain forward head and shoulder positioning.

Strengthening of inhibited posterior cervical muscles and 
scapular retractors restores their capacity to generate force opposing 
forward postural positioning. Progressive resistance training 
produces multiple adaptations including neuromuscular activation 
improvements, motor unit recruitment increases, and strength gains 
enabling these muscles to sustain anti-gravity postures and resist 
forward displacement pressures [51]. The restored strength and 
activation of deep cervical flexors and lower trapezius particularly 
improves postural control capacity.

Additionally, stretching and strengthening exercise protocols 
improve proprioceptive afferent feedback through enhanced 
mechanoreceptor activation in muscles undergoing therapeutic 
manipulation and loading [52]. This proprioceptive restoration 
contributes to improved postural control and proprioceptive 
awareness of head and shoulder positioning, facilitating maintenance 
of corrected postures.

Optimized Rehabilitation Protocol: 
Stretching and Strengthening Programming
Phase 1 (Weeks 1-2): Flexibility Restoration and Muscle 
Activation Initiation

The initial rehabilitation phase emphasizes restoration of cervical 
and thoracic spine mobility lost through chronic forward posturing, 
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initiation of deep cervical and scapular stabilizing muscle activation, 
and patient education regarding smartphone ergonomics and 
postural awareness.

Stretching Interventions (Phase 1):

Pectoralis major stretching: Patient positioned supine with the 
shoulder abducted 90 degrees and elbow extended. A therapy belt 
placed around the posterior chest applies gentle overpressure into 
shoulder external rotation. Hold for 30 seconds, repeat 3-5 times, 2 
sessions daily.

Pectoralis minor stretching: Patient supine, arm overhead 
reaching toward opposite corner. Gentle overpressure applied 
through the anterior shoulder producing anterior-to-posterior 
stretch across the upper chest. Hold for 30 seconds, 3-5 repetitions, 
2 sessions daily.

Upper trapezius stretching: Patient seated with one hand 
grasping the opposite side of chair. Gentle lateral cervical flexion 
applied by the contralateral hand positioned behind the neck, creating 
stretch from upper neck to upper shoulder. Hold for 30 seconds, 3-5 
repetitions each side, 2 sessions daily.

Sternocleidomastoid stretching: Patient supine, neck extended 
slightly backward, rotated to opposite side. Gentle overpressure 
applied through the anterior cervical region. Hold for 30 seconds, 3-5 
repetitions each side, 2 sessions daily.

Activation and Strengthening Interventions (Phase 1):

Deep cervical flexor activation: Patient supine, slight neck 
flexion performed without head elevation from supporting surface. 
The activation relies on cervical flexion moment from longus colli and 
longus capitis muscles rather than superficial sternocleidomastoid or 
anterior scalene muscles. 10 repetitions of 5-second holds, 2-3 sets, 2 
sessions daily.

Scapular stabilizer activation: Patient standing, scapular 
retraction performed by drawing scapulae posteriorly and slightly 
downward without moving arms. Patient develops awareness of 
scapular positioning through visual feedback and manual guidance. 
10 repetitions of 3-second holds, 2-3 sets, 1-2 sessions daily.

Lower trapezius activation: Patient prone lying, arm elevated 
to 135 degrees (halfway between lateral and overhead), then elevated 
slightly upward. Emphasis on feeling the contraction in the lower 
shoulder region beneath the scapula. 10 repetitions, 2-3 sets, 1 session 
daily.

Patient Education (Phase 1):

Ergonomic instruction regarding optimal smartphone 
positioning: The screen should be at approximately eye level, achieved 
either by elevating the handheld device or increasing viewing distance 
rather than lowering the head to the device. Screen time limitations 
to 30-minute intervals with 5-minute breaks are recommended. 
Postural awareness training involves frequent self-monitoring of 
head and shoulder positioning throughout daily activities.

Phase 2 (Weeks 3-4): Progressive Strengthening and 
Functional Integration

The second phase transitions from activation exercises 
emphasizing muscle re-education toward progressive resistance 
strengthening, increasing exercise complexity and functional 
relevance.

Continued Stretching (Phase 2):

Stretching protocols from Phase 1 are continued but progressed by 
increasing hold duration to 45-60 seconds and increasing repetitions 
to 5-8 repetitions per session. Stretching intensity increases slightly 
while maintaining comfort thresholds.

Progressive Strengthening (Phase 2):

Middle trapezius strengthening: Patient prone lying, arm 
elevated to 90 degrees abduction (straight out to the side), then 
performed in horizontal abduction with scapular retraction emphasis. 
Resistance provided through handheld dumbbells (0.5-1.0 kg) or 
resistance bands. 12 repetitions, 2-3 sets, 2 sessions weekly.

Lower trapezius strengthening: Patient prone, arm elevated to 
130-135 degrees with external rotation (thumbs pointing upward). 
Handheld dumbbell resistance progresses from 0.5 kg to 1.0-1.5 kg. 
12 repetitions, 2-3 sets, 2 sessions weekly.

Deep cervical flexor strengthening: Progress from activation 
to resistive exercise using theraband or handheld resistance 
applied against gentle cervical flexion. Patient's own hand provides 
progressive resistance, gradually increasing load. 12 repetitions, 2-3 
sets, 2-3 sessions weekly.

Rhomboid strengthening: Patient seated or standing, elastic band 
applied around both shoulders. Horizontal abduction and scapular 
retraction performed against band resistance. 12-15 repetitions, 2-3 
sets, 2 sessions weekly.

Postural Integration and Functional Training (Phase 2):

Proprioceptive training: Patient stands against a wall with 
heels 6 inches from wall, buttocks and shoulders touching wall, 
head positioned to touch wall without creating excessive cervical 
extension. This posture maintained for 5-10 minutes in multiple 
sessions, developing postural reference frame awareness.

Sitting posture training: Patient trained to sit with cervical 
alignment maintained, shoulders retracted and relaxed, achieving 
sustained correct posture at a simulated desk or table for progressively 
longer periods (5 minutes progressing to 15+ minutes).

Walking with postural awareness: Patient performs walking 
with conscious cervical alignment, shoulder positioning, and postural 
awareness, initially under supervision, progressing to independent 
home-based practice.

Phase 3 (Weeks 5+): Advanced Strengthening and Return 
to Normal Activity

The third phase emphasizes achievement of baseline strength 
restoration, maintenance of postural correction, long-term behavioral 
change, and prevention of postural relapse.

Advanced Strengthening:

Resistance training intensity increases with dumbbells progressing 
to 2.0-2.5 kg for upper extremity exercises. Resistance bands progress 
to increased tension levels. Middle and lower trapezius strengthening 
continues with 12-15 repetitions, 2-3 sets, 2-3 sessions weekly. 
Rhomboid strengthening progresses similarly.

Progressive cervical isometric strengthening: Patient seated 
or standing, handheld resistance applied against cervical extension, 
flexion, and lateral flexion movements. Patient resists movement in 
various directions with progressive intensity. 10-12 repetitions each 
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direction, 2-3 sets, 2 sessions weekly.

Upper body endurance training: Emphasis shifts toward 
sustained postural positions and dynamic stability. Patient performs 
wall pushups, elevated plank variations, and rowing machine exercises 
incorporating proper postural positioning throughout movement.

Long-Term Maintenance and Relapse Prevention:

By 4-6 weeks, most patients should demonstrate substantial 
postural improvement documented by repeat CVA and scapular 
index measurements. Continued maintenance of stretching routines 
is recommended indefinitely to prevent adaptive muscle shortening 
recurrence. Strengthening exercises progress toward lighter loads 
with emphasis on sustainable long-term participation, eventually 
transitioning to home-based programming.

Smartphone ergonomic adherence remains critical. Patients 
are counseled that postural correction occurs over 4-6 weeks, but 
complete structural tissue adaptation and prevention of recurrence 
requires 8-12 weeks of consistent behavioral change and continued 
exercise participation.

Outcome Measurement and Clinical Efficacy
Primary Outcome Measures

Craniovertebral angle and scapular index represent the primary 
objective outcome measures utilized across published studies 
examining smartphone-related postural correction. As demonstrated 
in the Muthukrishnan and Rajadurai (2025) pilot study, both 
measurements show statistically significant improvement (p < 
0.0001) following 4-week intervention protocols. The consistency 
of significant improvement across multiple investigations provides 
strong evidence supporting exercise intervention efficacy.

Secondary Outcome Measures
Multiple secondary outcome measures document functional 

improvements accompanying postural correction:

Pain Assessment: Visual analog scale (VAS) for neck 
and shoulder pain, employing 0-10 rating scales, consistently 
demonstrates significant reduction in participants receiving 
stretching and strengthening interventions. Typical improvements 
range from baseline pain levels of 5-7/10 to post-intervention levels 
of 1-3/10 [53].

Functional Disability: Neck Disability Index (NDI) and 
Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire 
demonstrate significant improvement in functional capacity and 
reduced activity limitation in intervention participants. These 
outcomes reflect real-world improvements in daily activity tolerance.

Range of Motion: Cervical and thoracic spine range of motion 
measurements demonstrate significant improvement following 
stretching interventions, typically increasing cervical extension range 
by 10-15 degrees and increasing cervical lateral flexion by similar 
magnitudes [54].

Grip Strength and Pinch Strength: Studies examining upper 
extremity function demonstrate significant improvement in hand 
grip strength and key pinch strength following exercise interventions, 
with improvements ranging from 8-15 percent above baseline 
measures [55].

Quality of Life and Smartphone Addiction Severity: 
Standardized questionnaires assessing smartphone addiction severity 

demonstrate reduced addiction scores following combination of 
exercise intervention and ergonomic education, suggesting that 
improved postural comfort and pain reduction influences smartphone 
usage patterns.

Evidence Gaps and Future Research 
Priorities

Despite accumulating evidence supporting stretching and 
strengthening interventions for smartphone-related postural 
dysfunction, substantial research gaps persist:

Long-Term Outcome Durability: Most published studies report 
outcomes through 4-8 weeks post-intervention; longer-term follow-
up data examining whether postural corrections persist months or 
years following intervention completion remain limited. Future 
research should include 6-month, 12-month, and 24-month follow-
up assessments documenting postural stability.

Exercise Dose-Response Relationships: Optimal frequency and 
intensity parameters for stretching and strengthening interventions 
remain incompletely characterized. Studies comparing 2 sessions 
weekly versus 4 sessions weekly, or 4-week protocols versus 8-week 
protocols, would clarify optimal exercise dosing.

Telehealth and Home-Based Intervention Efficacy: While 
supervised in-clinic rehabilitation produces documented 
improvements, home-based and telehealth-delivered interventions 
require evaluation. Future studies should examine whether equivalent 
postural improvements occur with unsupervised home programming.

Biomarkers Predicting Treatment Response: Currently, no 
established biomarkers predict which individuals will respond 
favorably to exercise interventions versus those requiring 
additional interventions. Future research examining genetic 
factors, inflammatory biomarkers, or neurophysiologic variables 
potentially predicting treatment response would enable personalized 
intervention selection.

Combined Interventions: Most studies examine exercise 
interventions in isolation. Future investigations should examine 
combinations of exercise with modalities such as manual therapy, 
ergonomic intervention, or biofeedback to determine whether 
synergistic effects exist.

Mechanism Elucidation: While clinical efficacy is increasingly 
documented, the specific physiologic mechanisms through which 
exercise produces postural correction remain incompletely 
understood. Future mechanistic research should examine changes in 
muscle fiber type distribution, intramuscular collagen organization, 
neuromuscular activation patterns, and proprioceptive afferent 
feedback accompanying exercise training.

Clinical Implications and Recommendations
The accumulated evidence supporting stretching and 

strengthening exercise interventions for smartphone-related postural 
dysfunction supports the following clinical recommendations:

Screening and Identification: Healthcare professionals should 
systematically assess forward head posture and forward shoulder 
posture in patients presenting with neck pain, shoulder pain, upper 
back pain, or upper extremity paresthesia, particularly in adolescent 
and young adult populations. Objective measurement using CVA 
and scapular index provides standardized assessment compared to 
visual inspection alone.
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Early Intervention: Postural correction should be initiated early 
in the disease course, ideally before chronic pain and structural 
degenerative changes develop. Preventive exercises targeting 
smartphone users before symptomatic disease develops warrant 
investigation and clinical implementation in school and occupational 
health settings.

Multimodal Approach: While exercise interventions show 
efficacy, integration with ergonomic instruction, smartphone usage 
education, and behavioral modification regarding screen time appears 
beneficial. The combination of stretching, strengthening, ergonomic 
optimization, and postural awareness produces superior outcomes 
compared to exercise interventions alone.

Supervision During Initial Phases: While home-based 
exercise programs provide accessibility, initial supervision ensures 
proper exercise performance, appropriate intensity progression, 
and identification of compensatory movement patterns. Hybrid 
approaches incorporating 2-4 supervised sessions transitioning 
to home-based programming balance efficacy with practical 
considerations.

Behavioral Integration: Long-term postural maintenance 
requires ongoing behavioral change regarding smartphone 
ergonomics and screen time management. Patients should understand 
that postural correction produces symptom improvement, but 
reverting to previous smartphone habits typically produces postural 
relapse.

Patient Education: Clear communication regarding expected 
timelines facilitates adherence: initial pain reduction typically 
emerges within 1-2 weeks; significant postural correction develops 
over 4-6 weeks; complete structural adaptation and prevention of 
relapse requires 8-12 weeks or longer of continued behavioral change 
and exercise participation.

Conclusion
The proliferation of smartphone technology has created a 

contemporary epidemic of postural dysfunction affecting substantial 
proportions of adolescent, young adult, and working-age populations. 
The characteristic forward head posture and forward shoulder posture 
induced by prolonged smartphone usage produces significant clinical 
consequences including pain, functional disability, neurologic 
symptoms, and respiratory dysfunction. Evidence-based assessment 
utilizing craniovertebral angle and scapular index measurements 
provides standardized objective outcome measurement.

Recent clinical research, exemplified by the Muthukrishnan and 
Rajadurai (2025) pilot study, demonstrates that targeted stretching and 
strengthening exercise protocols produce statistically significant and 
clinically meaningful postural correction over 4-week intervention 
periods. Multiple additional investigations confirm this fundamental 
finding, supporting the efficacy of exercise-based interventions. The 
mechanisms underlying postural improvement involve restoration 
of normal resting muscle length through stretching, strengthening of 
inhibited posterior muscles through progressive resistance training, 
and proprioceptive afferent restoration contributing to improved 
postural control.

Optimized rehabilitation protocols should incorporate strategic 
stretching targeting chronically shortened anterior muscles, 
progressive strengthening of inhibited posterior cervical and 
scapular muscles, proprioceptive training and postural awareness 

development, and integration of ergonomic smartphone usage 
instruction. These comprehensive interventions produce superior 
outcomes compared to isolated exercise or ergonomic interventions.

Despite accumulating clinical evidence, substantial research gaps 
persist regarding long-term outcome durability, optimal exercise 
dosing parameters, telehealth delivery efficacy, biomarkers predicting 
individual treatment response, and specific physiologic mechanisms 
mediating postural improvement. Future research addressing these 
gaps will enable more personalized and efficacious interventions for 
this increasingly prevalent musculoskeletal disorder.

The paradigm shift from viewing smartphone-related postural 
dysfunction as inevitable adaptation toward recognizing it as 
preventable and treatable pathology represents important progress 
in population health and occupational medicine. Implementation of 
systematic screening, early intervention, multimodal rehabilitation 
approaches, and ongoing postural maintenance strategies can 
substantially mitigate the musculoskeletal burden imposed by 
ubiquitous smartphone technology on contemporary populations.
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