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Abstract

Background: Neck discomfort is a common musculoskeletal disorder which often manifests into scapular asymmetry,
muscle imbalances, and restricted joint mobility. This study attempts to establish the correlation between asymmetries of the
posterior chain muscles and individuals with neck pain.

Method: 85 subjects, 36 male and 49 female, were required for this study. A biomechanical postural evaluation using a Postural
bench and Neck Disability Index (NDI) score was taken for further analysis in this study.

Result: The relationship between the NDI, scapular asymmetry and pelvis asymmetry was highly significant. A significant
relationship was seen between lumbar asymmetry and NDI whereas no relationship was found between NDI and total body
asymmetry.

Conclusion: It is concluded that the neck disability was significantly related to scapular and pelvis load asymmetry, however,

the total body asymmetry was not significantly related.

o
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Abbreviations: NDI: Neck Disability Index; ASIS:
Anterior Superior Iliac Spine; EMG: Electro Myography; SPSS:
Statistical Package for Social Sciences; BMI: Body Mass Index.

Introduction

One of the most prevalent musculoskeletal conditions
in the modern world is neck pain [1]. Awkward postures,
worry, tension, hard lifting, physically demanding jobs, and
gadget addiction are a few prominent reasons for neck pain
[2]. The external auditory meatus, shoulder joint, hip joint’s
centre, and knee and ankle joints are all passed through by
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an ideal posture when viewed from the sagittal perspective.
Any alteration in this alignment results in bad postures as
well as pain, weakness, and tension in the muscles.

A properly aligned spine and shoulder girdle allow the
scapula to move freely and symmetrically. Poor posture
causes the muscles in the upper back and posterior
shoulder to weaken and stretch, while the muscles in the
chest and anterior shoulder become stiff and hyperactive.
The scapula inhibits motion and causes the shoulder blades
to deviate, which further limits the range of motion in the
shoulder joint. The muscles and ligaments surrounding
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the shoulder blades are continuously strained as a result
of this. Eventually, asymmetry and abnormalities in the
scapula manifest [3].

Anunequal developmentordisparity in strength between
the muscles on the dorsal side of the body, particularly the
muscles in your legs, hips, and spine, is known as a posterior
chain muscle asymmetry. Postural stability, function, and
overall movement all depend on the posterior chain [4].
Asymmetry of spinal segments and lower back discomfort;
asymmetry of hip muscles and unequal weight distribution;
asymmetry of the lower limbs and unpredictable gait; and
neck pain and scapular asymmetry are among the conditions
for which numerous studies have looked at the effects and
consequences of muscle imbalances [5,6].

Inappropriate neck position causes the muscles involved
to become loaded, worn out, and structurally weak [7].
Conditions include text neck syndrome, round shoulder,
forward head posture, upper arm syndrome, and others
produce scapular asymmetry, decrease mobility, and cause
neck discomfort as well as muscle imbalances and additional
stress on the cervical spine. Incorrect posture, poor stability
of the implicated muscles, and functional restriction are all
caused by muscular imbalances in the scapular area [8]. This
impairment also has an impact on socioeconomic position by
raising health care costs, increasing sick leave, and lowering
job and personal care productivity.

Neck discomfort is a multifactorial disease and in
addition to today’s lifestyle, it is emerging as a chronic
problem. Identifying the risk factors can guide to preventneck
discomfort or disability. Hence, the Techno-bed otherwise
called as Postural bench MF system of Techno-body Italy, a
machine analysis used to assess the postural biomechanics,
was used in this study to check the muscle tension generated
both in supine lying position i.e. 180 degrees and with a body
angle at 120 degrees.

One of the primary indicators of musculoskeletal
impairment is an imbalance or uneven distribution of
muscle mass and strength between the two sides of the body
or between various muscle groups. Functional imbalances
brought on by impaired muscle asymmetry impact posture,
movement, and general physical performance. As the body
may overuse certain muscles or change movement patterns
to make up for the imbalance, it might raise the risk of injury.
Muscular asymmetries can make discomfort or functional
restrictions worse for individuals with a musculoskeletal
handicap than they would be for individuals without
asymmetries. Studies have shown that people with neck-
related problems frequently have scapular and upper back
muscular imbalances [9,10].
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Despite the above mentioned facts, there is no objective
data to quantify the degree and volume of the relationship
between muscular asymmetries and neck disability;
therefore, this study attempts to establish the correlation
between asymmetries of the posterior chain muscles and
neck pain.

Methods and Materials

This observational study was conducted amongst 85
university students after approval of the institutional ethical
committee approval and a written consent was obtained
from all the participants prior to the commencement. As
there was no risk involved on the study procedures the
institutional ethical approval was obtained. The study was
conducted according to the declaration of Helenski. In this
study, participants of both gender who had non-specific neck
discomfort over the previous three months and were between
the ages of 18 and 25 years were included. Those who had
segmental incorrect postures, such as forward head position,
cervical lordosis, thoracic kyphosis, and hyperextension of
the head were excluded from the study.

Before beginning the study, every individual was
thoroughly evaluated and appraised. To carry out this study,
85 willing participants were chosen after taking the inclusion
and exclusion criteria into account. In addition to gathering
demographic information, a Neck Disability Index (NDI)
score chart was given to the participants for self-evaluation.
After submitting their NDI scores charts, participants were
instructed to lie down on the postural bench’s sensor bed so
that researchers could measure the amount of tension that
their muscles were creating at 180 and 120 degrees of body
angle, respectively. Each subject’s demographic information,
NDI score, and Postural Benchmark score were gathered for
further data analysis.

Postural Bench

Postural bench MF system of Technobody Italy (Figure
1) is used to assess the biomechanical posture and muscle
imbalances generated in each segment and on each side of the
body. The postural bench is equipped with a sensor bed, foot
rest, a remote and a monitor. The sensor bed has a pivot in the
middle and four flat, tilting surfaces: the scapula, thorax, pelvis,
and tibial section. The subject must position themselves on the
sensor bed with the anterior superior iliac spine (ASIS) in the
middle and their foot parallel to the foot rest. The subject must
remain on the bed in the supine posture for 30 seconds before
the monitor reveals the reading regarding the muscle tension
in each segment and on either side of the body. Readings
are taken in two different angles where the body is in 180
degrees (Figure 1) and in 120 degrees (Figure 2) pivoted at
the center of the postural bench.
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Figure 1: Postural Bench at 180 Degree.

-

Figure 2: Postural Bench at 120 Degree.

Neck Disability Index

Neck disability index is a reliable and comprehensively
validated self-assessment 10 items questionnaire that
assesses the disability associated with neck pain in relation
to subjective symptomatology and activities of daily living.
The questions are based on pain, intensity, headache,
concentration, sleep, lifting, work, driving, recreation,
personal care and reading. Each question scores from 0
indicating no disability to 5 indicating maximum disability.
At the end of the questionnaire, the subject scores between
0 indicating no disability to 50 indicating total disability. A
score less than 4 indicates no disability, 5-14 mild disability,
15-24 moderate disability, 25-34 severe disability and score
greater than 35 complete disability.
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Data Analysis

SPSS version 26 was used for statistical analysis. The
non-parametric Spearman correlation coefficient was used to
investigate the relationship between NDI, and asymmetrical
difference in whole body, scapula, lumbar and pelvic segment
as the data did not follow normal distribution. A low value of
p = 0.05 rejects the null hypothesis.

Results

A total of 85 subjects, 36 male and 49 female of mean age
22 +/- 0.64 years, weight 53.4 (10.5) Kgs, height 155.23 +/-
8.6 centimeters and BMI 23.76 +/-7.19 were recruited for this
study. The demographical characteristics of these subjects
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are shown in Table 1. The mean NDI score was 15.51+/-2.42
and the mean difference for the total body was 6.83 +/-3.77,
scapular asymmetry 5.53 +/-2.4, lumbar asymmetry 3.54 +/-
3.13, pelvic asymmetry 3.95 +/-2.97.

DEMOGRAPHICAL DATA
Subjects (n) 85
Age (years) 22 (2.64)
Gender (male/female) 36/49
Height (cm) 155.23 (8.6)
Weight (kg) 53.4 (10.5)
BMI (kg/m2) 23.76 (7.19)
Total body asymmetry (kg) 6.83 (3.77)
Scapular asymmetry (kg) 5.53(2.4)
Lumbar asymmetry (kg) 3.54 (3.13)
Pelvic asymmetry (kg) 3.95 (2.97)
NDI 15.51 (2.42)

Table 1: Demographic Data Expressed in Mean (Standard
Deviation).

Figure 3: The Neck Disability is Highly Correlated with
Scapular r=0.706.

-

Figure 4: The Neck Disability is Highly Correlated with

Figure 5: Low Correlation between with Lumbar
(Asymmetry r = 0.216.

-

Figure 6: The Total Body Asymmetry did not Correlate

pelvis r = 0.558.

J
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Significantly r =0.018.

The result of the current study revealed that the neck
disability is highly correlated with scapular (Figure 3,r=0.706)
and pelvis (Figure 4, r = 0.558) asymmetry and there was a
low correlation between with lumbar asymmetry (Figure 5, r
=(0.216). However, the total body asymmetry did not correlate
significantly (Figure 6, r =0.018) as shown in Table 2.

The relationship between the NDI, scapular asymmetry
and pelvis asymmetry was highly significant. A significant
relationship was seen between lumbar asymmetry and NDI
whereas no relationship was found between NDI and total
body asymmetry:.

Variables Spearman (r) | P-value
NDI | Total body asymmetry 0.018 0.86
NDI | Scapular asymmetry 0.706** 0
NDI | Lumbar asymmetry 0.216* 0.04
NDI Pelvic asymmetry 0.558** 0

Table 2: Relationship between the Variables and NDI -
Neck Disability Index.
** Highly Significant
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Discussion

To perform movements of the shoulder, the muscles
attached to the scapula must be balanced and work
synchronizing with the thoracic segment. Any change in
the balance can alter the stabilization, cause pain in the
neck and shoulder and further lead to scapular asymmetry
and incorrect posture [11]. Muscles that are attached to the
segment bilaterally should be well-balanced and symmetrical
to undertake any typical activities or movements. Scapular
symmetry is crucial for greater stability and balanced
movement, especially during neck- specific movements.
Additional spinal or pelvic asymmetries, together with
scapular asymmetries, however may have an impact on
stability and movement patterns. To the best of the author’s
knowledge, this is the first investigation into the relationship
between neck dysfunction and the muscle asymmetries of
various body regions using a postural bed.

The majority of research has used EMG devices to
compare healthy and symptomatic persons on one side alone
when examining the association between muscle function
and musculoskeletal pain and impairment. The current study,
however, employed a postural bed technology to measure
the muscle asymmetry on both sides of various segments.
This study aimed to evaluate the muscle imbalances in the
scapular region of subjects having neck pain for the last 3
months. To understand the depth of neck pain, the Neck
Disability Index, a self-evaluating questionnaire was used.

A lateral scapular slide test, which measures the
distance between the scapula and the thorax, was used in
a few investigations that validated the association between
scapular asymmetry and visual analogue scale [12]. The
study also found a correlation of r=0.632 between the visual
analogue scale and the neck disability score, showing that
neck pain can induce moderate functional impairment in the
neck [13]. Furthermore, weak muscles are thought to make
it difficult to maintain balance and appropriate posture while
performing daily duties, which raises the risk of pain and
body asymmetry [6].

One study that looked at the relationship between neck
pain disability and the degree of forward head position
revealed that muscle imbalance is strongly connected with
neck pain disability and that it is also a risk factor for neck
pain, which lends credence to the current finding [14].
Similar to this, a study on the upper cross syndrome found
a correlation between postural asymmetry and imbalance or
asymmetry in the scapular stabilizer muscles [3]. Evidence
shows that neck impairment is highly connected with
postural muscle imbalance. According to one study that
looked at muscle asymmetries and neck discomfort, people

Pattnaik A and Pradhan DK. Correlation between Bilateral Muscle Loading Asymmetry and Neck

with neck pain showed more muscular asymmetries than
healthy controls [15].

Comparing people with neck pain to healthy controls,
few investigations have focused on the relative difference
in scapular and shoulder muscle activation. Patients with
neck pain experienced considerably less change in axio-
scapular muscle strength than patients in the control group
[16]. Similar to this, it has also been noted that people
who only had one side of their neck pain had much poorer
trapezius strength on that side compared to the other side
[17]. Additionally, it is believed that weak muscles increase
the risk of pain and body asymmetry by making it difficult to
maintain balance and proper posture while doing daily tasks
[15].

It has been suggested that altered axio-scapular muscle
function may contribute to neck pain due to abnormal
loading of the cervical spine or through an altered length-
tension relationship because muscle impairment is a known
feature of painful neck disorders, and the scapula shares
common muscle attachments with the neck. When the hip
joint lacks flexibility, compensatory movements occur in
the lumbar-pelvic region, and micro damage to the lumbar
vertebrae induces lower back discomfort [18,19].

According to previous research in other body segments
Studies show a significant relationship between left and right
pelvic misalignment and back discomfort [20]. Similarly,
symmetrical imbalances in the bilateral scapular region
might contribute to neck impairment in the shoulder region.

The present study was performed on 85 subjects having
non-specific neck discomfort for the last 3 months. After
thoroughly assessing the postural bench score and NDI score,
statistical analysis was done. A significant relationship was
found between NDI and the difference in muscle imbalances
in the scapular, lumbar and pelvic regions whereas no
significant relationship was found between total body
asymmetry and NDI score.

As per the body biomechanics, neck asymmetries may
eventually result in pelvis asymmetries. The alignment of the
entire spine can be impacted by an imbalance or asymmetry
in scapular muscles. To preserve balance, the alignment of
the spine below the neck will be adjusted to make up for
asymmetry in the neck. The thoracic and lumbar segments
of the spine will be affected by the changes in scapular
musculature. As the body works to maintain stability and
function over time, these modifications may cause pelvic
asymmetry. Therefore, an analysis of the symmetrical
muscular difference on the thorax, pelvis and tibial segment
was further continued.
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Due to the anatomical relationship, the forward head
posture is intimately tied to the upper body posture and
is easily influenced by trunk posture as well. According
to studies, extended sitting is also linked to forward head
posture [21,22]. There is additional proof that pelvic
asymmetry affects the cervical spine’s range of motion,
and it has been seen that following pelvic rectification, the
cervical spine’s range of motion significantly improved [22].
It is therefore feasible to speculate that the posterior spinal
muscles, through the thoracolumbar fascia, connect the
lower trunk to the neck. Certain studies have shown a strong
correlation between the cervical and pelvic spine’s posture
and the alignment of the complete spine [6,20,23].

On assessing the ergonomics and daily routine of
all subjects, it was found that incorrect postures during
activities, prolonged use of smart gadgets, lack of exercise
and prolonged sitting with cervical flexion were the most
common reasons for muscle weakness. However, this study
was limited to 85 subjects aged between 18 to 25 years. As
the study was cross-sectional, cause and effect could not be
determined.

This study was also restricted to understanding the
depth of neck discomfort due to muscular imbalances in
the scapular region. Further multi-centric studies can be
done with larger sample sizes and different age groups by
including other body segments. This study emphasised
on muscular asymmetry at the scapular region, further
studies can be done on other body segments, to evaluate the
imbalance between asymptomatic and symptomatic people
as well as between different age groups. Second, a subgroup
analysis of occupation and muscle asymmetry is required.

Conclusion

Results show that neck discomfort and muscular
asymmetry in the scapular or thorax region are
interdependent. It further leads to lumbar and pelvis
asymmetry if unnoticed or incorrect postures are adapted.
The study highlighted the difference in muscular load
asymmetry on both sides in individuals with neck pain. It is
concluded that the neck disability was significantly related to
scapular and pelvis load asymmetry, however, the total body
asymmetry was not significantly related.
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