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Neck flexor endurance, craniovertebral angle and neck motion association

with and without neck pain: a cross-sectional analytical study
Sameen Qureshi', Syed Imran Ahmed?, Aftab Ahmed Mirza Baig3

Abstract

Objective: To compare the deep neck flexor endurance, craniovertebral angle and cervical range of motion in
individuals with and without mechanical neck pain.

Method: The analytical, cross-sectional study was conducted from September 12, 2022, to February 27, 2023, at the
Sindh Institute of Physical Medicine and Rehabilitation, Karachi, and comprised adults of either gender aged 18-35
years. Those having nonspecific neck pain were in group A, while group B included healthy individuals without neck
pain. The groups were compared in terms of deep neck flexor endurance, craniovertebral angle and cervical range of
motion. Data was analysed using SPSS 21.

Results: Of the 100 participants, 50(50%) were group A; 25(50%) males and 25(50%) females with mean age
23.64+3.99 years and mean body mass index 21.43+3.16kg/m2. The remaining 50(50%) subjects were in group B;
25(50%) males and 25(50%) females with mean age 23.52+3.97 years and mean body mass index 21.93+ 4.43kg/m?2.
Group A showed a significant difference in all range of motion values except rotation. The association of
craniovertebral angle and deep neck flexor endurance with neck pain was not significant (p>0.05).

Conclusion: Neck pain was not found to be associated with craniovertebral angle, neck rotation and deep neck flexor
endurance. However, cervical flexion, extension, left flexion and right flexion were found associated with neck pain.

The association of neck pain with age and body mass index was not significant.
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Introduction

Neck pain is considered the fourth leading cause of
disability.” According to a study in 2017, globally 28.6
million people continue to live with disability, with the
highest point prevalence being in Western Europe and East
Asia.2 A large number of neck pain case were reported from
East Asia, South Asia and Western Europe in 2017.2 A study
on the global burden of the disease shows that the neck
pain is a continuously rising problem, with an increase in
21% of point prevalence till 2016.3 People with neck pain
often do not have complete resolution of symptoms, and
>50% of patients develop recurrence 1-5 years later in their
life.# Neck pain can occur due to some specific pathology,
but mainly it has a nonspecific, or mechanical, cause.>
Increasing age and female gender are the factors behind
the increase in the incidence and prevalence of neck pain.é
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Deep neck flexors (DNF) are known as the important
stabilisers of the neck. Weakness of DNF muscles can cause
altered posture.” Cervical lordosis and postural support to
the cervical spine are due to DNF muscles.8 DNF endurance
(DNFE) is correlated with neck pain.® There is a limitation in
evidence related to any relationship between
craniovertebral angle (CVA) and DNF muscle
performance.’0

Forward head posture is one of the reasons that subjects
people to mechanical neck pain." Smaller CVA is predictive
of neck pain.’2 Studies have shown contradictory results,
concluding that forward head posture is not associated
with neck pain.’314 Forward head posture alters
biomechanics and results in increased stress over the
cervical spine, causing cervical extensors to work more to
meet the demand. This causes an imbalance in muscle
performance and neck pain.’5 Literature shows
contradictory results regarding the predictors of neck
pain.%12The current study was planned to compare DNFE,
CVA and cervical range of motion (ROM) in individuals with
and without mechanical neck pain.

Subjects and Methods

The comparative, analytical, cross-sectional study was
conducted from September 12,2022, to February 27,2023,
at the Sindh Institute of Physical Medicine and
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Rehabilitation, Karachi, after approval from the ethics
review board of Dow University of Health Sciences (DUHS),
Karachi. The sample was raised using non-probability,
purposive sampling technique. Those included were adults
of either gender aged 18-35 years. Those with nonspecific
neck pain were placed in group A, while healthy individuals
without neck pain were placed in group B. Individuals
having pain in the thoracic or scapular region, any cognitive
or neurological deficit, red flags of neck pain (progressive
symptoms, weight-loss, night sweats, diplopia, dizziness),
history of any fracture and malignancy in the cervical
region, history of any spinal surgery, history of any cervical
trauma, symptoms of cervical radiculopathy or myelopathy,
and any psychological illness were excluded.

While group A patients were specifically asked to volunteer,
an open invitation was placed on the institutional notice
board for participation in group B. Informed consent was
taken from all the participants. A physiatrist screened all
the participants, and those who responded negatively
when asked about neck pain were included in group B.

Data was collected using a self-designed questionnaire. All
anthropometry assessments were performed by a
physiotherapist. The numerical pain rating scale (NPRS) was
used to assess the intensity of pain in group A patients.16
Cervical active ROM (AROM) was assessed using a linear
goniometer, while CVA was assessed by a modified
goniometer and DNFE by a deep flexor endurance test.1”

For flexion, the subject was in a seated position with feet
resting on the floor. The examiner placed the goniometer
stationary arm perpendicular to the floor, the axis at the ear
lobe, and the moving arm at the base of the nares. The
subject was asked to perform active cervical flexion, and
the examiner noted the reading. For extension, the subject
was in a seated position with feet resting on the floor. The
examiner placed the goniometer stationary arm
perpendicular to the floor, the axis at the ear lobe, and the
moving arm at the base of the nares. The subject was asked
to perform active cervical extension, and the examiner
noted the reading. For lateral flexion, the subject was in a
seated position with feet resting on the floor. The examiner
placed the goniometer stationary arm perpendicular to the
floor, the axis at the spinous process of C-7 vertebrae, and
the moving arm posterior to the midline of the skull. The
subject was asked to actively bring the ear to the shoulder
of the same side, and the examiner noted the reading. For
rotation, the subject was in a seated position with feet
resting on the floor. The examiner placed the goniometer
stationary arm at the imaginary line connecting two
acromion processes, the axis at the top of the subject's
head, and the moving arm at the nose. The subject was
asked to perform active cervical rotation, and the examiner
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noted the reading.!”

For NFE assessment, the examiner assessed the participant
in a lying position on the couch with arms placed at the
side. The participant was asked to tuck the chin, and lift the
head above the couch about 2.5cm for at least 35 seconds.
The examiner placed the hand under the neck to feel the
contraction of muscles. The test ended on completing 35
seconds or when the participant lost chin tuck. The
readings were taken thrice to calculate the average to
reduce the risk of bias.? CVA was measured by using a
modified goniometer in which a rod was attached at the
half circle of the goniometer posteriorly. It is a reliable
method for assessing CVA.11.18 The CVA was measured in
degrees with the tragus of the ear as a reference point, and
the spinous process of the C7 vertebra as another reference
point. Angle <50° was considered an indicator of forward
head posture.’®

The possible bias was avoided with a specific exclusion
criterion which avoided the inclusion of all the possible
confounding variables that could affect the results, and by
taking three readings of DNFE assessment to ensure the
accuracy of the results.

The sample size was calculated using OpenEpi based on a
mean intergroup difference of 4.1919, with 80% power,
95% confidence interval (Cl), and 1:1 group ratio. The
sample was inflated by >100% to cover up for a possibly
low response rate.20.21

Data was analysed using SPSS 24. Quantitative data was
expressed as meanztstandard deviation, while categorical
variables were reported as frequencies and percentages.
Binary logistic regression was applied to evaluate
associations between continuous predictors and the
presence of neck pain. A comparison of neck pain with
AROM, CVA and DNFE between the groups was done using
an independent t-test. P<0.05 was considered significant.

Results

Of the 100 participants, 50(50%) were group A; 25(50%)
males and 25(50%) females with mean age 23.64+3.99
years and mean body mass index (BMI) 21.43+3.16kg/m2.
The remaining 50(50%) subjects were in group B; 25(50%)
males and 25(50%) females with mean age 23.52+3.97
years and mean BMI 21.93+ 4.43kg/m2. Overall, 74(74%) of
the subjects had normal BMI, 13(13%) were obese and
13(13%) were underweight (Table 1).

Mean CVA in group A was 38.82+7.61 compared to
42.58+7.68 in group B. The mean DNFE for group A was
23.92+9.86 compared to 28.14+7.51 for group B. All cervical
ROM values were lower in group A compared to group B,
and the difference was significant except left flexion
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Table-1: Categorical variables of the subjects (n=100).

Variables n (%)
Gender

Male 50 (50)
Female 50 (50)
Body mass index (BMI) category

Underweight 13(13)
Normal 13(13)
Overweight 74 (74)
Pain intensity

Mild pain 68 (68)
Moderate pain 25 (25)
Severe pain 7(7)

Neck pain

With pain 50 (50)
Without pain 50 (50)
DNFE endurance

Weakness 75 (75)
Normal Endurance 25(25)
Posture

Forward head posture 81(81)
Normal Posture 19(19)

DNFE: Deep neck flexor endurance.

Table-2: Cervical parameters among individuals with and without neck pain.

Variables With neck pain®  Without neck p-value* 95% confidence
(n=50) painB (n=50) interval
(Vangle 38.82+7.61 42.58+7.68 0.01 0.72-6.79
DNFendurance  23.92+9.86 28.14+7.51 0.03 0.73-7.70
Cervical Flexion ~ 60.58+15.84  69.46+12.42  <0.001 3.23-14.52
Cervical Extension 46.12+11.48 55.52+10.51  <0.001 5.02-13.77
Left flexion 43.04+9.46 44.34+9.72 0.50 -2.50-5.10
Left rotation 59.04+15.04  74.04+10.07  <0.001 9.91-20.9
Right flexion 42.64+10.35 45.74+7.45 0.03 -0.47-6.67
Right rotation ~ 57.22+14.23 74.96+9.74  <0.001 12.89-22.58

Note: BValues represented as mean and standard deviation; *Values represent as level of significance
with independent t-test; DNF: Deep neck flexor, CV: Craniovertebral.

Table-3: Association of neck pain with age and body mass index (BMI).

Variables Withneckpain®  Without neck pain®  p-value*
Age (years) 23.64+3.99 23.52+3.97 0.88
Body Mass Index (kg/m?2) ~ 21.43+3.16 21.93+4.43 0.51

Note: BValues represented as mean and standard deviation; *Values represent as level of significance
with Independent t-test.

Table-4: Cervical parameters among individuals with and without neck pain.

Parameters Beta S.E p-value** OR 95%d

CVA 0.66 0.52 0.20 1.94 0.69-5.43
DNF endurance 0.53 0.46 0.25 1.71 0.68-4.30
Flexion -0.04 0.01 0.004 0.95 0.92-0.98
Extension -0.07 0.02 <0.001 0.92 0.88-0.96
Right flexion -0.03 0.02 0.09 0.96 0.91-1.00
Right rotation -0.11 0.02 <0.001 0.89 0.84-0.93
Left flexion -0.01 0.02 0.49 0.98 0.94-1.02
Left rotation -0.09 0.02 <0.001 0.90 0.86-0.94

DNF: Deep neck flexor, CVA: Craniovertebral angle, OR: Odds ratio, CI: confidence interval.
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(Table 2). The association of neck pain with age and BMI
was not significant (Table 3).

Cervical flexion, cervical extension, right rotation and left
rotation showed a significant but weak negative
relationship with neck pain, while cervical left/right flexion,
CVA and DNFE had no significant association (p>0.05).
Moreover, the odds ratio (OR) of CVA and DNFE showed
that greater values were moderately and positively
associated with neck pain, but the OR of cervical ROM
showed that the large values of cervical ROM were
moderately and negatively associated with neck pain
(Table 4).

Discussion

The current study focussed on cervical muscle flexibility,
DNFE and good posture, comparing individuals with and
without neck pain. The results showed that there was a
difference in all outcomes except left flexion between the
groups. However, neck pain had no significant relationship
with cervical side flexion, CVA and DNFE.

Literature review showed that neck pain is more common
in adults compared to younger age groups even though
there are studies showing that neck pain can occur at any
age.22.23 The current study also supported this evidence
and proved that there was no relationship between neck
pain and age.

Increased BMI is one of the causes of postural
abnormalities.20 Studies have found that individuals having
high BMI are at risk of developing more musculoskeletal
disorders and have a poorer prognosis than individuals
with normal BMI.24 In the current study, BMI was found not
to be associated with neck pain. This result might be due
to the fact that the number of individuals within each BMI
category varied, and so the comparison might contain a
bias.

The intensity of pain affects treatment strategies.25 Studies
have shown that females have a higher rate of intense pain
than males, as females show less pain thresholds.25 The
current study did not find any association between pain
intensity and gender, which might be due to the presence
of more cases of mild pain (68%).

Males tend to be less flexible than females of the same age
group across the life span, and that is why males have more
tightness in muscles compared to the females. It happens
because the male population is more involved in physical
activity, which results in microtrauma and anatomical joint
structure variation in both genders.26 Literature shows that
cervical flexion is associated with neck pain.2” The current
study showed mean cervical flexion to be more in females
than in males, supporting the literature. Individuals with
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neck pain had less ROM of flexion compared to the healthy
individuals.

Extension of the neck is the movement of the cervical spine
bending backward. Studies have shown contradictory
results regarding the extension movement of the cervical
spine associated with neck pain.22 The current study
recorded mean cervical extension to be more in females
than males, and individuals with pain had lower ranges
than healthy individuals. Extension was found to be
associated with neck pain.

Neck rotation is the horizontal plane movement, and
studies have shown rotation of the neck to the left and
right directions is not associated with neck pain.2! In
contrast, the current study showed that rotation of
movement was associated with neck pain. This might be
due to differences in study participants, and the mean of
rotation ranges was greater in females than males.

Side flexion of the neck is the movement of the cervical
region such that the ear touches the same side shoulder,
and a study has shown that side flexion either left or right
to have no association with neck pain. However, the current
study showed more flexibility on the right side than on the
left in both genders.

CVA is the angle used to determine the forward head
posture. Dae Hun Kim et al. concluded that individuals with
forward head posture have less CVA, and experience pain.20
A study conducted by Edrish et al. among young adults
found a moderate to good negative correlation between
CVA and neck pain.!" In contrast, the current study found
no association of CVA with neck pain.

In this study, patients with neck pain were assessed for pain
with NPRS, which is a scale for the subjective measurement
of pain. It comprises a 10cm straight horizontal line with
the extremes labelled “no pain” and “worst possible pain”.
Mild pain score is <5cm on the NPRS scale, while moderate
pain score ranges 6-7cm, and =8cm is considered severe.28
In the current study, the NPRS score of most patients with
neck pain was under the mild pain category, while only a
few patients had severe pain. The current study showed
mean NPRS value to be 2.6+£2.87 in patients with non-
specific neck pain. A previous study reported mean NPRS
value to be 4.9+2.0 in patients with non-specific neck
pain.28

The present study showed there was a non-significant
association between CVA and neck pain. The mean CVA
among males 38.64+7.4 compared to 42.76+7.8 for
females. This difference in angles between genders might
be due to the physical activity of males, and flexibility in
females.
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Compared to another study,' the current findings showed
that forward head posture was associated with neck pain.
This variation might be due to the difference in age group
of the samples in the two studies.

The current study has limitations as the findings are limited
to neck pain of nonspecific cause. The manual performance
of DNFE assessment could have chances of error. The
average value of three readings was considered to
overcome this error. Finally, the cross-sectional design of
the study limited the ability to establish a causal
relationship.

Conclusion
Neck pain was not found to be associated with CVA, neck
rotation and DNFE. However, cervical flexion, extension, left
flexion and right flexion were found associated with neck
pain. The association of neck pain with age and BMI was
not significant.
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