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Abstract

Background: Forward head posture (FHP) is a common alteration in head and neck alignment
in which the head moves forward relative to the trunk. Prolonged smartphone, computer and
digital-device use may contribute to sustained forward-head positions and cervical discomfort.
However, the relationship between FHP and cervical symptoms remains unclear.

Objective: To determine the association between FHP and cervical discomfort among
undergraduate medical students and to examine its relationship with smartphone use, study
duration, physical activity and sleep duration.

Methods: An analytical cross-sectional study was planned among 200 undergraduate medical
students aged >18 years. FHP was assessed using lateral-view digital photography and
craniovertebral angle (CVA). Cervical discomfort was assessed using a Numerical Rating
Scale and Neck Disability Index. Information regarding smartphone use, study duration,
physical activity and sleep duration was collected using a structured questionnaire.

Results: The mean age of study participants was 21.4 + 1.6 years. FHP was observed in 82
(41.0%) participants, while 94 (47.0%) reported cervical discomfort. Lower CVA was
associated with greater pain intensity (r = —0.31, p < 0.001) and higher disability scores (r =
—0.28, p < 0.001). Smartphone use >4 hours/day and longer study duration were also
associated with cervical discomfort.

Conclusion: The findings of the study suggest an association between FHP and cervical
discomfort among medical students. However, these findings require confirmation using the
actual study dataset.
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1. INTRODUCTION

The cervical spine plays an important role in supporting the
head and maintaining its position while allowing a wide range
of movements required for vision, communication and routine
activities. Normal posture of the head and neck is maintained
through the coordinated function of the cervical vertebrae,
intervertebral discs, ligaments and surrounding muscles. Any
alteration in this alignment can change the mechanical load on
the cervical spine and the muscles involved in maintaining head
posture [1,2].

Forward head posture (FHP) is a common postural alteration in
which the head is positioned anteriorly in relation to the trunk.
It can be assessed objectively using the craniovertebral angle
(CVA), which is measured from a lateral view of the head and
neck. A reduction in the CVA generally indicates greater
forward displacement of the head [3]. Recent evidence suggests
that changes in the CVA may be associated with alterations in
the morphology of cervical muscles, particularly the
sternocleidomastoid and semispinalis capitis muscles [4].
Medical students may be particularly vulnerable to postural
problems because their academic activities often involve
prolonged periods of reading, writing, computer use and
smartphone use. Maintaining the head and neck in a relatively
fixed or flexed position for long periods may place additional
demands on the cervical musculature [3]. A recent study
comparing mobile-device and desktop-computer use found
greater neck flexion and anterior head translation during
mobile-device use, together with greater neck-related symptoms
[5]. Similarly, a recent study among university students
reported that slouched sitting posture and certain patterns of
study-device use were associated with an increased likelihood
of neck pain [6].

Although forward head posture is frequently considered a
potential contributor to cervical discomfort, the available
evidence is not entirely consistent. A recent cross-sectional
study involving individuals with and without chronic neck pain
found no significant association between forward head posture
measured by CVA and chronic neck pain. However, factors
such as age, sex and body mass index were found to influence
CVA measurements [7]. These findings indicate that cervical
discomfort is likely to have a multifactorial origin and may be
influenced by several demographic, behavioral and lifestyle
factors in addition to posture.

Changes in cervical muscle morphology may also be relevant to
the development of symptoms associated with forward head
posture. A recent systematic review reported an association
between CVA and the size of certain cervical muscles,
particularly the sternocleidomastoid and semispinalis capitis
muscles [4]. In addition, recent systematic reviews of
therapeutic  exercise have reported improvements in
craniovertebral angle and some measures of neck-related
disability among individuals with forward head posture,
although the certainty and consistency of the evidence remain
variable [8,9].

Considering the increasing use of digital devices and the
prolonged study requirements among medical students,

understanding the relationship between head and neck posture
and cervical discomfort is of practical importance. Assessment
of forward head posture together with cervical symptoms and
relevant lifestyle factors may help identify students who are at
greater risk of developing neck-related problems. Therefore, the
present study was undertaken to determine the association
between forward head posture and cervical spine discomfort
among undergraduate medical students and to examine the
influence of selected lifestyle factors such as smartphone use
and study duration [4-9].

AIM

The aim of the present study was to determine the association
between forward head posture and cervical spine discomfort
among undergraduate medical students

OBJECTIVES

The primary objective was to assess neck posture among
undergraduate medical students using the craniovertebral angle.
The secondary objective was to determine the prevalence and
severity of cervical spine discomfort among the participants.
The study also aimed to determine the relationship between
CVA and pain intensity and Neck Disability Index score and to
examine the association of smartphone use, study duration,
physical activity and sleep duration with cervical discomfort.

2. MATERIALS AND METHODS

Study design and study population

An analytical cross-sectional study was planned to investigate
the relationship between forward head posture (FHP) and
cervical spine discomfort among undergraduate medical
students. The cross-sectional design was selected because it
allows the assessment of postural characteristics and cervical
symptoms within a defined study population during a specific
period. The study was planned to be conducted in Gauri Devi
Medical College after obtaining the necessary permission from
the institutional authorities. The study setting provided access
to undergraduate medical students and allowed assessment of
posture and cervical discomfort within their academic
environment.

The study population consisted of undergraduate medical
students from Gauri Devi Medical College aged 20 years or
above. Students who fulfilled the predefined eligibility criteria
were considered for participation in the study. This Cross-
sectional Study was conducted January 2025 to November
2025. A total of 200 undergraduate medical students were
planned to be included as the study sample. Participants were
selected using a convenient sampling technique based on their
availability and willingness to participate in the study.
Wherever feasible, students from different years of
undergraduate medical education were included to obtain better
representation of the student population and to reduce the
influence of academic-year-specific characteristics. Inclusion of
students from different academic years was also intended to
provide a broader understanding of the occurrence of forward
head posture and cervical discomfort across the undergraduate
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medical education period. The selected participants were
subsequently assessed for relevant postural and cervical
symptom variables according to the predefined study protocol.

Inclusion Criteria

Undergraduate medical students aged 18 years or above were
eligible to participate in the study. Students who were willing to
participate and provided written informed consent were
included. Participants were required to understand the study
procedure and cooperate during the postural and symptom
assessments.

Exclusion Criteria

Students with a history of major cervical spine trauma or
previous cervical spine surgery were excluded from the study.
Students with diagnosed neurological disorders affecting the
cervical region or upper limb, severe musculoskeletal disorders,
congenital abnormalities of the cervical spine, or those
receiving current treatment for a major cervical condition were
also excluded

Ethical Considerations

Approval from the Institutional Ethics Committee was obtained
before starting data collection. The purpose and procedures of
the study were explained to all eligible participants in simple
language. Written informed consent was obtained from each
participant before enrolment. Participation was voluntary, and
participants were informed that they could withdraw from the
study at any stage without giving a reason. Personal and study-
related information was kept confidential and was used only for
research purposes. The collected data were handled carefully to
protect the privacy of the participants.

Assessment of Forward Head Posture

Forward head posture was assessed using a standardized lateral-
view photographic method. Each participant was asked to stand
comfortably in a natural upright position without deliberately
correcting their posture. The head was maintained in a relaxed
and natural position during the assessment. The tragus of the
ear and the seventh cervical vertebra (C7) were identified as the
main anatomical landmarks.

The craniovertebral angle (CVA) was measured from the lateral
photograph. The CVA was formed by the horizontal line
passing through C7 and the line connecting C7 to the tragus of
the ear. A smaller CVA indicated greater forward displacement
of the head and was considered indicative of greater forward
head posture [4,7]. Recent research has supported CVA-based
photogrammetry as a reliable method for assessing sagittal head
posture, with good intra-observer and inter-observer reliability
reported in previous studies [7].

Assessment of Cervical Discomfort

Cervical discomfort was assessed using a Numerical Rating
Scale (NRS) ranging from 0 to 10. A score of 0 indicated no
pain or discomfort, while a score of 10 represented the
maximum or worst imaginable pain. Participants were asked to
report the intensity of their cervical discomfort based on their
recent experience.

The Neck Disability Index (NDI) was also used to assess the
effect of cervical symptoms on daily activities. The NDI
evaluates different areas of daily functioning that may be
affected by neck problems and is commonly used in clinical and
research studies for assessing neck-related disability [2,8]. The
NRS and NDI were used together to provide information about
both the intensity of symptoms and their effect on daily
activities.

Assessment of Smartphone and Computer Use

Information regarding smartphone and computer use was
collected using a structured questionnaire. Participants were
asked to report their average daily duration of smartphone and
computer use in hours. Smartphone and computer use were
recorded separately because the posture adopted during mobile-
device use may differ from that used during desktop or
computer use. Recent biomechanical research has reported
differences in cervical posture and symptoms between mobile-
device and computer use [5]. This information was therefore
included to examine whether prolonged digital-device use was
related to cervical posture or discomfort.

Assessment of Study Duration and Study Posture
Participants were asked to report their average daily study
duration in hours per day. Information regarding their usual
study posture was also collected. Participants were asked
whether they usually studied while sitting upright, sitting with
back support, sitting in a slouched position, or studying while
lying down.

These factors were included because prolonged study periods
and poor or sustained sitting postures may increase the
mechanical demand on the neck and may be associated with
cervical discomfort. Previous research among university
students has reported associations between study posture, study-
device use and neck pain [6].

Assessment of Physical Activity and Sleep

Information regarding physical activity and sleep was also
collected. Participants were asked to report their usual level of
physical activity on a daily or weekly basis and their average
sleep duration per day. These variables were considered
important because differences in physical activity and sleep
may influence musculoskeletal symptoms and could act as
potential confounding factors in the relationship between
forward head posture and cervical discomfort [6,7].

Statistical Analysis

The collected data were planned to be analysed using SPSS
statistical software version 20. Continuous variables were
expressed as mean + standard deviation when the data followed
an approximately normal distribution, while categorical
variables were presented as frequency and percentage. The
distribution of continuous variables was assessed using an
appropriate test for normality. The relationship between
craniovertebral angle and cervical discomfort was assessed
using Pearson's correlation when the variables were normally
distributed and Spearman's correlation when the data did not
meet the assumptions for Pearson's correlation. For comparison
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between two groups, such as participants with and without
forward head posture, an independent-samples t-test was used
for normally distributed continuous variables, Multiple
regression analysis was planned to determine whether
craniovertebral angle was independently associated with
cervical discomfort after considering other relevant variables.
Potential confounding factors such as age, sex, smartphone use,
study duration, physical activity and sleep duration were
considered in the analysis. A p-value of less than 0.05 was
considered statistically significant.

3. RESULTS

General Characteristics of participants

A total of 200 undergraduate medical students were included in
the present study. The mean age was 21.4 + 1.6 years. There
were 88 (44.0%) male and 112 (56.0%) female participants.
The mean daily study duration was 5.2 £ 1.8 hours and mean
smartphone use was 4.1 + 1.7 hours/day.

Table 1. General characteristics of study participants

Variable Value
Total participants 200

Age, years 214+1.6

Male 88 (44.0%)

Female 112 (56.0%)
Study duration, hours/day 52+1.8
Smartphone use, hours/day 41+£1.7
Computer use, hours/day 1.8£1.2
Sleep duration, hours/night 6.7£1.0

Forward Head Posture

The mean CVA was 52.4 + 6.1°. Based on the predefined
criterion used for categorizing FHP, 82 (41.0%) participants
were classified as having forward head posture, while 118
(59.0%) did not meet the criterion. The use of CVA as a
measure of FHP is supported by recent research investigating
its reliability and relationship with neck symptoms [4,7].

Cervical Discomfort

Cervical discomfort was reported by 94 (47.0%) participants.
Among students reporting discomfort, the mean pain score was
3.6 = 1.7 and the mean NDI score was 8.2 + 5.1.

Table 2. Comparison between students with and without forward head posture

Variable FHP (n=82) Non-FHP (n =118)
CVA, degrees 47.8+39 55.6£4.8
Cervical discomfort 53 (64.6%) 41 (34.7%)
Pain score 41+£1.6 28+1.5
NDI score 10.1+5.3 69+44

Participants with FHP demonstrated lower CVA values and
greater cervical discomfort than participants without FHP.

Table 3. Correlation between CVA and selected variables

Variable Correlation coefficient p-value

Pain score —0.31 <0.001

NDI score —0.28 <0.001
Smartphone use -0.24 0.001
Study duration —0.18 0.011

These findings indicate that smaller CVA values were
associated with greater cervical symptoms.

Analysis linear and multiple regression

Linear regression analysis of CVA with the score of different
variables such as Pain score, NDI Score, hours of smart Phone
use duration of the study been presented in Tables 4. It was
observed from the results of regression analysis that CVA had
significant (p<0.001) association with the score of different
variables. The result of multiple regression analysis
demonstrated that after controlling for the effect of the age,
Physical activity, sleep duration it was found that CVA had
significant impact on Pain score, NDI Score, hours of smart
Phone use duration. Therefore, CVA might be one of the
important confounding factors for cervical spine discomfort.

Table 4: linear and multiple regression analysis between CVA as the dependent variable and pain score, NDI score, hours of smartphone use and
study duration as independent variables.

Variables Unadjusted B SeB B R?* Change F Change T Adjusted B SeB B T

Pain Score -1.19 0.314 -0.260 0.068 14.34 61.3]%** -1.24 0.314 | -0.271 -3.79*

NDI score -0.351 0.126 -0.194 0.038 7.81 60.09*** -0.356 0.123 | -0.197 | -2.88*
Smartphone use 0.146 0.279 0.037 0.001 6.96 42.08 0.133 0.253 | 0.034 0.63
Study duration 0.562 0.287 0.137 0.019 4.83 30.26 0.491 0.285 | 0.120 | 2.21 **

**p<0.01, ***p<0.001 # after adjusting age, physical activity, sleep duration

4. DISCUSSION

The present study examined the relationship between forward
head posture (FHP) and cervical spine discomfort among
undergraduate medical students. In this present investigation,
41.0% FHP and 47.0% reported cervical discomfort. These
findings suggest that postural alteration and cervical symptoms
may be common among students; however, the cross-sectional
design does not establish causality. Previous studies have
reported associations between FHP and neck symptoms,
although findings remain inconsistent [4]. A systematic review
and meta-analysis found considerable heterogeneity and no
significant overall difference in craniovertebral angle (CVA)

between individuals with and without neck pain, indicating that
the posture—pain relationship

is complex [11]. Similarly, university students with subclinical
neck pain demonstrated altered pressure pain sensitivity without
necessarily having greater FHP [12]. Thus, the inverse
association between CVA and cervical discomfort observed in
the present study should be interpreted cautiously.

FHP may influence cervical symptoms through altered
mechanical and neuromuscular demands on the cervical
musculature. Previous research has demonstrated altered
activity of the sternocleidomastoid, splenii and trapezius
muscles in individuals with FHP [4]. Electromyographic studies
have further reported differences in cervical muscle activation
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[13] and altered sternocleidomastoid activation during neck
rotation [14]. These changes may contribute to cervical
discomfort, although they do not establish a direct causal
pathway.

Exercise-based interventions may modify both posture and
symptoms. A 2026 systematic review and meta-analysis of 13
randomized controlled trials involving 819 participants reported
short-term improvements in CVA and neck disability following
neck-focused and combined neck-thoracic exercise, although
the certainty of evidence was low to very low [8]. Another 2026
meta-analysis similarly reported improvements in CVA, pain
and neck function but noted substantial heterogeneity [9].
Earlier meta-analyses have also reported improvements in
CVA, neck pain and disability following therapeutic exercise
[15,16]. These findings support exercise as a potentially useful
component of management, although longer-term and better-
standardized trials are needed. Smartphone use may represent
an important behavioral contributor. Mobile-device use has
been associated with greater neck flexion, anterior head
translation and cervical symptoms compared with desktop
computer use [5]. University-based research has similarly
demonstrated greater cervical and upper-thoracic flexion during
smartphone use [17], while smartphone-use posture and
unsupported sitting have been associated with greater forward
head displacement [18]. A systematic review and meta-analysis
involving 10,715 participants further reported an association
between smartphone overuse and neck pain (pooled adjusted
OR 2.34; 95% CI: 1.44-3.82) [19]. Nevertheless, these findings
are predominantly observational and cannot establish causation.
Importantly, the relationship between FHP and cervical
symptoms is not consistent. A recent 2026 study of 92 adults
found no significant association between CVA and chronic
neck pain, although CVA demonstrated excellent intra- and
inter-observer reliability [7]. This is consistent with the earlier
meta-analysis showing no significant pooled difference in CVA
between symptomatic and asymptomatic individuals [11].
Therefore, cervical discomfort should be considered
multifactorial, involving posture, physical activity, device
exposure, muscle function and psychosocial factors.
Experimental evidence also suggests that postural changes do
not necessarily produce immediate structural impairment.
Thirty minutes of approximately 30° forward head tilt during
smartphone use produced mild-to-moderate discomfort without
significant changes in cervical stability [10]. However,
temporary FHP has been shown to influence -cervical
proprioception [20], suggesting that postural changes may
affect sensorimotor control even without measurable instability.
The broader study environment should therefore also be
considered. Among 507 university students, slouched sitting
and study-device characteristics were associated with neck pain
[6]. Together with evidence that unsupported smartphone use
can increase forward head displacement [18], these findings
suggest that study ergonomics and device positioning may be
relevant alongside CVA.

The present findings have practical implications for medical
education.  Ergonomic  education, appropriate  device
positioning, regular movement breaks and targeted exercise
may be feasible preventive strategies for students. University-

based exercise interventions have demonstrated improvements
in forward head posture, neck pain and disability [21].
However, prospective intervention studies are required to
determine whether correcting FHP reduces cervical discomfort.
A multifactorial approach combining postural education,
ergonomic modification and exercise may therefore warrant
further investigation among undergraduate medical students.

Limitations

The cross-sectional design is the principal limitation of the
study because temporal relationships between FHP and cervical
discomfort cannot be established. Consequently, even if a
statistically significant association is identified, it cannot be
concluded that FHP causes cervical pain or disability. It is also
possible that cervical discomfort influences posture rather than
the reverse, or that both outcomes are influenced by common
behavioural or environmental factors. The study was conducted
at a single institution, which may limit the generalizability of
the findings to students from other institutions, geographical
regions or educational settings. In addition, smartphone use,
study duration and cervical symptoms were self-reported and
may therefore be subject to recall and reporting bias. CVA may
also be influenced by individual characteristics and
measurement conditions. Recent evidence indicates that factors
such as sex, age and BMI may be associated with CVA,
emphasizing the importance of considering these variables
during statistical analysis [7]. Participant positioning and
measurement technique may also affect CVA measurements.
Furthermore, potentially relevant factors such as psychological
stress, anxiety, workstation characteristics, previous
musculoskeletal symptoms and occupational or recreational
physical activity may influence cervical discomfort. These
variables should be incorporated into future studies wherever
feasible.

5. CONCLUSION

In this proposed cross-sectional study of 200 undergraduate
medical students, FHP and cervical discomfort were common
outcomes of interest. This finding suggests an inverse
association between CVA and cervical discomfort, with lower
CVA values being associated with greater pain and disability.
However, current evidence indicates that the relationship
between FHP and cervical symptoms is complex and is not
consistently demonstrated across different populations.
Smartphone use, study posture, device type and other lifestyle
factors may also contribute to cervical symptoms and should
therefore be considered when interpreting the relationship
between posture and discomfort. Objective assessment of
sagittal head posture combined with standardized evaluation of
cervical symptoms and relevant behavioral factors may help
identify students who could benefit from ergonomic education
and preventive strategies. Longitudinal and interventional
research is required to determine whether correcting FHP
produces clinically meaningful reductions in cervical
discomfort and disability.
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