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Abstract

Background: Obesity is an epidemic that impacts individuals across all age groups, from children and adolescents 
to adults and the elderly. The purpose of this study is to assess the relationship betweenobesity and deep neck flexor 
endurance a mong college students.

Methodology: A cross-sectional study was conducted on obese college students without neck pain. The measure of obesity 
used was the Asian Body Mass Index (BMI) classification, and muscular endurance was assessed using the Deep Neck 
Flexor Endurance Test (DNFET). Relationships were explored through Pearson’s correlation coefficient (r) analysis.

Results: A total of 100 (60 male, 40 female) obese college students were enrolled. These college students had a significantly 
reduced DNFE. The correlationr value for males and femaleswas-0.822 and -0.762, so there is strong negative correlation. 
Conclusion: Obese college students exhibit a lack of deep neck muscle endurance, which may increase the risk of 
developing neck muscle injuries. 
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Introduction

Obesity is a root cause of major health issues in 
modern society and has become an epidemic disease 
due to the lack of conscientious health habits and 
lifestyle modifications. Nowadays, with an increase 

in computer-related work and prolonged working 
hours, an inactive lifestyle has led to consequences 
such as altered eating, insufficient sleep, lack of 
exercise, and changes in physical activity patterns. 
Obesity is a state in which excessive deposition of 
body fat occurs when there is a decrease in energy 
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expenditure compared to the amount of food intake. 
This results in an increase in calorie storage and 
stimulates the consumption of unhealthy, high-
calorie foods(1).

The World Health Organization (WHO) reported 
in 2021 that the global prevalence of obesity has 
nearly tripled since 1975. More than 1.9 billion 
adults worldwide are overweight, and over 
650 million of them are classified as obese(2). Obesity 
is now recognized as a major public health concern 
with serious consequences for both individuals 
and society(3). It is a well-established risk factor for 
several non-communicable diseases, including 
cardiovascular disease, diabetes, musculoskeletal 
disorders, and various cancers(4,5). In addition, 
increasing levels of obesity have been linked to 
reduced physical fitness, particularly in domains 
such as muscular endurance, strength, and 
flexibility, which may contribute to a higher risk of 
head, neck, and whiplash-related injuries(6–9).

Excess body weight also places mechanical strain 
on the musculoskeletal system, commonly leading 
to discomfort in the neck, lower back, and knees(10,11).
Weakness in the neck flexor muscles has been 
associated with reduced strength and endurance, 
muscle atrophy, fatty infiltration, and abnormal 
activation patterns, all of which can compromise 
cervical stability and increase the likelihood of 
musculoskeletal problems(12). Muscular endurance 
is defined as the ability of a muscle group to sustain 
repeated contractions or maintain a position over 
time. In the cervical region, the deep neck flexor 
muscles are essential for stabilizing the head and 
cervical spine against gravity. Reduced endurance 
of these muscles can result in cervical deformities, 
postural imbalances, and functional limitations. The 
DNFET is a reliable, simple, and non-invasive method 
for evaluating the endurance of these muscles and 
their contribution to cervical spine stability(13–18).

With obesity becoming increasingly common 
among young adults, particularly college students, 
it is important to understand its impact on neck 
flexor endurance. Previous studies in India have 

estimated the prevalence of obesity in this group 
at approximately 10.7%, a trend often linked to 
sedentary behavior, low physical activity, and 
academic pressures(19). The present study examines 
the relationship between obesity and deep neck 
flexor endurance in college students and determines 
the average DNFE hold times in this population.

Materials and Methods

Study Design

A cross-sectional study 

Study Setting

The study was conducted at SRM Institute of 
Science and Technology (SRMIST), Chennai, Tamil 
Nadu, a multidisciplinary university offering 
programs in engineering, medicine, health sciences, 
management, and humanities.

Participants

College students aged 18–25 years with a Body 
Mass Index (BMI) greater than 25, as per the Asian 
BMI classification, were included. Participants were 
required to be free of current neck pain and able 
to lie in the supine position for at least 30 minutes. 
Exclusion criteria included a recent history of neck or 
thoracic pain, cervical fractures, frequent headaches, 
regular gym training, diagnosed myopathies, 
cervical spine deformities, neurological conditions, 
or any muscular or connective tissue disorders. All 
criteria were based on self-reported medical history. 
A purposive sampling method was used to recruit 
eligible participants.

Ethical Considerations

Ethical approval was obtained from the 
Institutional Ethics Committee of SRM College of 
Physiotherapy, Chennai (Approval No. IEC.0050). 
Written informed consent was collected from all 
participants before enrolment.

Dnfet Procedure

The DNFET is the most widely utilised clinical 
test for assessing the endurance of the deep neck 
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flexors(20,21). Based on the eligibility, 100 asymptomatic 
college students were included in the study (refer 
flowchart 1). The participants lay on their backs in a 
hook lying position (head straight, knees bent, and 
both feet resting on the couch), with their hands 
placed on their abdomen region. Individuals who 
experienced difficulty lying flat on the couch due to 
excess kyphosis were provided with a conventional 
sandbag to comfortably support their head and 
neck. Subjects were instructed to tuck their chin in 
as much as possible in an isometric stance and were 

asked to maintain the position for as long as they 
could. They were then told to lift their head and neck 
approximately 2.5 cm off the couch while keeping 
the chin tucked. The analyst maintained the width 
by stacking his index and middle fingers, kept in 
contact with the subject’s head in the back part of the 
occipital. Simultaneously, in this position, the analyst 
drew a line up to 1 cm across two approximated 
horizontal skin folds along the subject’s anterior-
lateral side of the neck with an erasable marker(21), as 
shown in figures 1 and 2.

4 

Identification 

Adult college students attending recruitment (n=186)  

Assessed for eligibility (n=152) 

Not assessed for eligibility 
• Missed invitation to participated

(n=34)

Included (n=100) Male 60, Female 40 

Included in the study and according to study criteria (n=100) 
• ≥BMI25, Age between 18-25 yrs

Analysed (n=100) 

Report results 

Excluded (n=52) 
• <BMI 25, Recent cervical fracture,

neck pain, Regular gym going persons

Inclusion 

Analysis 

DNFE test performed 

A flowchart 1showing the steps involved in this study.
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Figure 1

Figure 1: The tester places their hand palm down 
beneath the subject’s occiput and crosses their 
index finger across their middle finger dorsally. 
The subject’s anterior-lateral neck is shown by the 
arrow by a line drawn across two approximation 
skin folds. 

Figure 2

Figure 2: A supine, hook-lying position was used to 
perform the DNF endurance test for this study.

During the DNFET, subjects were requested to 
follow commands from the examiner, such as “Lift 
your head and pull your chin maximally.” They 
were instructed to keep their heads in direct contact 
with the examiner’s fingers at all times. Subjects 
were permitted to maintain touch with the analyst’s 
fingers without putting any weight on their heads 
by lifting the head and maintaining the tucked chin 
posture. A stopwatch was used to measure the time 

of holding in that position. Subjects were required to 
remain supine for the entire experiment. After the 
evaluation, subjects were given five minutes of free 
time to relax. During this rest time, they were told not 
to raise their heads or get out of bed, but they were 
permitted to gently rotate their neck as long as there 
was no discomfort(20).

The subjects were asked to maintain the position 
as much as they could, and a stopwatch was used 
to measure the time of holding in that position. 
Subjects were tested twice with a 5-minute break 
between the tests to allow muscle recovery. Two 
scores were recorded, and the best one was used for 
statistical analysis. To account for the high experience 
curve linked with the DNFET, the measurement 
was only carried out twice. Each time, the maximal 
attained time was noted. Time recording for each 
trial started, and if a mistake occurred during the 
trial time, the individual’s posture was rectified by 
verbal commands. The countdown on the stopwatch 
commenced as soon as the individuals elevated their 
heads and ceased if any one of the following four 
criteria ruled out and lasted longer than one second.

While performing the DNFET, it was observed 
that there is a possibility of one error lasting 
longer than one second out of the following four 
scenarios:(1).The moment when the subject’s chin 
could no longer be tucked in, and the vertical cross 
line in the skin fold disappears, not in contact with 
the neck line due to the loss of chin tuck.(2).When 
the evaluator’s stacked finger perceives the weight of 
the subject’s head rested on it for more than 1 second.
(3).When the subjects lifted their head without 
holding, the evaluator observed that they were 
unable to maintain contact with the crossed finger.
(4).When the subjects were unwilling to continue the 
procedure.The subject was given verbal guidance by 
the assessor at the time of the error on how to fix it. 
The measurer stops the measurement and records the 
timings if an error happens twice(22).
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Statistical Analysis

Data were analysed using IBM Statistical Package 
for the Social Sciences (SPSS) software, version 23. 
Based on normality,Pearson’s correlation method 
was employed to assess the association between 
obesity, measured by BMI and DNF Endurance 
among college students, with a significance level set at 
P < 0.05.Additionally, a simple linear regression 
analysis was conducted to further explore the 
relationship between BMI and DNF Endurance. 
The findings from both correlation and 

regression analyses contribute to a comprehensive 
understanding of the potential impact of BMI on 
DNF Endurance.

Results

A total of 100 participants (male-60, female-40) 
were included in this study. Table 2 shows the 
mean and standard deviation value of age,height, 
weight,BMI are 19.79±1.73 years, 168.27±8.93(cm), 
80.63±11.58(kg) and28.5±3.5 kg/m2.

Table 2. Sociodemographic characteristics of persons with obesity among collegiate students in Chennai, 
(N=100).

Variables n Age (y)* Weight (kg)* Height (cm)* BMI (kg/m2) *

Entire sample 100 19.79±1.73 80.63±11.58 168.27±8.93 28.5±3.5

 Male 60 19.42±1.86 86.68±10.31 173.28±6.94 28.99±4.02

Female 40 20.35±1.33 71.55±6.23 160.75±5.75 27.76±2.24

n = number of subjects per group; y = year; cm = 
centimetre; kg=kilogram; BMI= body mass index; * 

Mean  standard deviation. 

Table 3 demonstrates a significant negative 
correlation between BMI and DNFE in the entire 
sample. A Pearson correlation analysis revealed a 
noteworthy negative association between BMI and 
DNF endurance in the entire sample (r = -0.440, 
p < 0.001). Among male participants, the correlation 

was even more pronounced (r = -0.822, p < 0.001), 
signifying a stronger negative relationship between 
BMI and DNF endurance. Similarly, for female 
participants, the correlation was significant (r = -0.762, 
p < 0.001), indicating that higher BMI is associated 
with reduced DNF endurance in both genders. 
Figure 3 shows the negative relationship between 
BMI and DNF endurance.

Table 3. Relationship between BMI and deep neck flexor endurance in persons with obesity among  
collegiate students in Chennai, (N=100).

Variable n Mean±SD r Beta 
Coefficient

SE p value

BMI (kg/m2) DNFE (s)

Entire sample 100 28.5±3.5 20±3.1 -0.440 -0.396 0.082 <0.001

Male 60 30±4 21.9±2.5 -0.822 -0.505 0.046 <0.001

Female 40 27.8±2.2 17.4±1.8 -0.762 -0.610 0.084 <0.001

p < 0.05; SD- standard deviation; BMI- body mass index; DNFE-deep neck flexor endurance; s-seconds; 
r- pearson correlation coefficient; SE- standard error;
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Figure 3.A	 Figure 3.B	

Figure 3.C

Figure 3: The scatterplots (Figure3.A, 3.B, and 3.C) visually depict the relationship between BMI and DNF 
endurance across the entire sample, male and female participants, respectively.

The regression analysis indicated a significant 
negative association between BMI and deep 
neck flexor (DNF) endurance. Overall, BMI was 
a significant predictor of DNF endurance, with a 
negative beta coefficient (β = –0.396, SE = 0.082, p 
<.001), suggesting that for every one-unit increase in 
BMI, DNF endurance decreased by approximately 
0.40 seconds on average.When analysed by sex, BMI 
remained a significant negative predictor of DNF 
endurance. Among males, the regression model 
showed a beta coefficient of β = –0.822 (SE = 0.505, 
p <.001), indicating that each one-unit increase in 

BMI was associated with a reduction of 0.82 seconds 
in DNF endurance. Similarly, for females, the beta 
coefficient was β = –0.762 (SE = 0.610, p <.001), 
reflecting an average decrease of 0.76 seconds in DNF 
endurance for every unit increase in BMI.

Discussion

This study was conducted to evaluate the 
relationship between obesity and DNFE in college 
students and to establish the average hold times on 
the DNFET in this population. The endurance of the 
cervical flexor muscles plays a key role in maintaining 
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cervical spine stability, and any reduction in their 
function may disrupt the balance between the 
anterior and posterior stabilizing muscles of the neck. 
The DNFET is a simple, reliable, and cost-effective 
clinical test for assessing craniocervical flexor 
performance and is valuable in both the prevention 
and management of neck pain. The results of this 
study indicate that obesity is significantly associated 
with reduced deep neck flexor endurance among 
college students.

The present study found that obese college 
students demonstrated markedly lower DNFE 
compared to values reported in earlier research 
on healthy populations(20,21). The mean DNFE hold 
time was 21.9 seconds in males and 17.4 seconds 
in females. A statistically significant negative 
correlation (r = –0.440) was observed between BMI 
and DNFE in both sexes, indicating that higher BMI 
is associated with reduced endurance capacity of the 
deep neck flexors.These findings align with previous 
evidence suggesting that obesity adversely affects 
musculoskeletal performance. Oliveira et al.(23) and 
Watson et al.(24) reported that poor biomechanical 
adaptation in posture and physical performance 
contributes to the development of neck pain in obese 
individuals. Similarly, Jarman et al.(20) demonstrated 
that higher fat composition and BMI are linked to 
diminished muscular endurance in the back and core, 
further supporting the inverse association between 
BMI and DNFE identified in the current study.

When compared with endurance values in 
non-obese populations, the reduced hold times in 
the present study are evident. Domenech et al.(25) 
reported DNFE hold times of 39.1 ± 20.0 seconds in 
males and 29.3 seconds in females among healthy 
adults aged 20–80 years, while Jarman et al. found 
hold times of 35.5 seconds in males and 31.8 seconds 
in females among adolescents and young adults. 
These values are considerably higher than those 
observed in our obese college cohort. Furthermore, 
Zele et al.(26) reported decreased neck flexor and 
extensor endurance in cigarette-smoking students, 
highlighting the influence of lifestyle-related factors 
on cervical muscle function.Taken together, the 
present study extends prior findings by specifically 

examining the impact of obesity on DNFE in college 
students, confirming that higher BMI is associated 
with significantly reduced neck muscle endurance.

When correlating obesity and DNFE separately for 
male and female students, there is a strong negative 
correlation. However, when correlating obesity 
and DNFE for overall subjects without gender 
differences, there is a moderate negative correlation, 
possibly due to shorter hold times for females. The 
study underscores the negative association between 
Deep Neck Flexor Endurance and obesity among 
college students, suggesting that females with higher 
BMI may be more prone to neck pain compared to 
males with similar BMI.Clinical implications include 
regular assessment of DNFE in patients with neck 
pain to identify reduced neck flexor endurance. If 
endurance is found to be low, endurance training 
can be incorporated along with conventional 
physiotherapy. Collins et al.,(27) and Kim et al.,(28)

recommend training neck flexion performance to 
improve neck muscle strength and prevent injuries.

The study has limitations, including gender 
distribution inequality in sampling, a smaller sample 
size, and not accounting for age-related differences, 
physical activity levels, and body fat percentage 
in obese individuals related to neck muscle 
endurance. Future studies with larger participants 
and interventions, including endurance training 
for individuals with low DNFE and neck pain, are 
recommended.

Conclusion

The study concludes that obese college students 
exhibit significantly lower deep neck flexor muscle 
endurance. This reduced endurance may contribute 
to an increased risk of developing neck muscle 
strain, fatigue-related injuries, and forward head 
posture over time.Early interventions focusing 
on weight management, postural correction, and 
physical activity are recommended to prevent neck-
relatedmusculoskeletal issues in this population.
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