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Abstract

Objectives: Non-Specific Chronic Neck (NS-CNP) is a multifactorial condition
with excessive activity of accessory muscles of respiration in the neck. Studies
have portrayed significant relationships between chronic neck pain and
respiratory parameters. The study intends to find the impact of respiratory
training on lung function and cervical ROM in NS CNP. Methods: The study
recruited 64 subjects with pain who were advised to undergo conventional
electrotherapy for a week. Pre-intervention measurements were taken, and
subjects were divided into 2 groups. Group A received respiratory training
and conventional therapy, while Group B received conventional therapy. Post-
test measurements were recorded and statistically analyzed. Findings: The
post-values of all the outcome measures were significant with an obtained
p-value of 0.00, which is <0.05 in both Group A and Group B. Comparing all
the outcome measures between the groups showed a significant difference
in Cervical flexion along with FVC, SVC, and MVV with the obtained p values
of <0.05 which is below the threshold chosen for the statistical analysis.
Novelty: The novelty of this study is to implement respiratory training along
with conventional neck exercises in the management of NS-CNP. Conclusion:
This study concludes that respiratory training and conventional neck exercises
significantly improved neck mobility and pulmonary function.

Keywords: Cervical pain; Respiratory training; Neck range of motion;
Pulmonary functions; Forced vital capacity

1 Introduction

Chronic Neck Pain (CNP) is a frequent musculoskeletal ailment associated with
considerable impairment, with a prevalence of 19.3% among the Indian population V.
It is a common condition accompanied by added dysfunction in other body areas. It
lasts for a longer time and substantially influences oné’s health and quality of life®.
In addition, NS-CNP is a condition that is frequently reported and is caused by non-
specific causes, in which pain persists for more than 3 months. It is mainly localized
pain in the lateral and posterior parts of the neck®.

The most frequent adaptive posture associated with NS-CNP is the forward head
position (FHP). Individuals with FHP frequently experience significant neck flexor

https://www.indjst.org/

4704


https://doi.org/10.17485/IJST/v17i45.2381
https://doi.org/10.17485/IJST/v17i45.2381
https://doi.org/10.17485/IJST/v17i45.2381
physio.kric@krupanidhi.edu.in
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
www.iseeadyar.org.
https://www.indjst.org/

Mercy & Samuel / Indian Journal of Science and Technology 2024;17(45):4704-4710

weakness, usually compensated by overuse of the neck accessory muscles of respiration?. Due to excessive activity of the
Sternocleidomastoid (SCM), Anterior scalene (AS), and Upper Trapezius (UT), there are many physiological changes occur
which is associated with the respiratory system, thoracic cage, and cervical Range of motion (ROM)=) The significant
complaints seen with NS-CNP are discomfort and reduced neck mobility associated with respiratory dysfunction, respiratory
muscle weakness, an abnormal breathing pattern, and reduced pulmonary functions ">#. In NS-CNP, the deep and superficial
cervical muscle strength and endurance decrease, cervical mobility is reduced, and head posture changes").When there is
reduced muscle strength in the deep and superficial muscles, there is also a change in head posture due to weakness, which
leads to postural changes in the thoracic spine .

Studies have revealed a significant correlation between chronic neck pain and respiratory parameters such as respiratory
muscle weakness, pulmonary volumes, especially MVV, SVC, and FVC, and breathing patterns ®. Previous studies emphasized
a correlation between respiratory dysfunction and NS-CNP. The dysfunction occurs in three significant aspects: respiratory
muscle weakness, abnormal breathing patterns, and reduced cervical ROM ),

Chronic neck pain causes neck mobilizers like the sternocleidomastoid, anterior scalene, and upper trapezius to overwork,
causing increased load on neck stabilizers. This overload alters cervical and thoracic spine mechanics, affecting respiration and
respiratory muscle function®. Because of this, an abnormal breathing pattern uses the upper thorax, the accessory muscles.
Long-term usage of the accessory muscles will also alter the length-tension curves of the primary respiratory muscles, leading
to less recruitment and reduced respiratory muscle strength *”) Neck muscle length and recruitment impact the cervical ROM,
increasing the fatigability of SCM, AS, and UT. Abnormal overpull and underpull of the cervical region cause changes in primary
respiratory muscles and rib cage mechanics, affecting upper thoracic breathing. In NS-CNP, the thoracic spine and rib cage are
compromised, affecting respiratory patterns like SVC, FVC, and MVV &0,

A study done by Dareh-deh et al pointed out the significant correlation between CNP and Respiratory dysfunction and
provided therapeutic neck conventional exercises along with respiratory training, to find the effect of combined therapy on
chronic neck pain. Assessing the EMG muscle activity and respiratory pattern showed a significant improvement in pain and
mobility of neck pain as well as improving respiratory muscle strength ?). Similar studies showed that the breathing re-education
combined with endurance and strength training of deep neck flexors, and pulmonary function in CNP significantly improved
in deep neck flexor strength and forced vital capacity”). A systematic review done by Tatsios et al suggests that manual therapy
(MT) such as diaphragm mobilization and core stability exercises supplemented with re-education of diaphragmatic breathing
improved pulmonary function in patients with CNP. However, there was a significant variation in interventional techniques,
and the confidence in evidence ranged from low to very low®.

To our knowledge fewer studies are done on improving pulmonary parameters in NS-CNP and one study suggests the need
for advanced respiratory assessment and other studies highlight the potential for exploring additional parameters beyond FVC
and FEV1 in pulmonary function testing "®). This indicates the need for further research on respiratory training programs and
respiratory exercises in rehabilitation for non-specific CNP. This study’s novelty is implementing respiratory training in the
management of NS-CNP.

This research intended to evaluate the outcomes of respiratory training on non-specific CNPs’ cervical ROM and lung
functioning. The objectives were to evaluate the impact of respiratory training on pulmonary functions in non-specific CNP.
They were to evaluate the impact of the respiratory training on cervical ROM in non-specific CNP.

2 Methodology
2.1 Participants

This was a Quasi-experimental study done from August 2022 to June 2023 after obtaining ethical clearance from the Krupanidhi
College of Physiotherapy Ethical Committee with reference number EC-MPT/2022/PHY/005. The study included 64 NS- CNP
subjects. These subjects were segregated into experimental and control groups from OPD, Krupanidhi College of Physiotherapy,
and other multi-specialty clinics. The inclusion criteria were individuals with CNP suffering for past three months”), VAS of
4 -7, moderate intensity®, age group 35 to 45 years®, both genders ”), NDI scores of > 22 % of disability using the Neck
disability index questionnaire, PFT baseline values as FVC - < 80% of the predicted value, MVV - <70% of the predicted value
SVC - <80% of predicted value 1%,

Subjects with a history of neck and thoracic surgeries?, recent cardiorespiratory conditions affecting pulmonary function,
systematic or metabolic disease (e.g., theumatoid arthritis or cancer), postural deformities (e.g., pectus excavatum, scoliosis) a0,
subjects on pain medications and history of COVID-19 were not included in this study. Subjects underwent one week of
conventional electrotherapy treatment to reduce pain. Interferential therapy and ultrasound were given with the mentioned
dosage: interferential therapy (15 minutes), frequency 100 Hz, intensity depending upon the patient, and ultrasound therapy (8
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minutes), continuous mode, 1.8 watt/cm? intensity. Using the simple random sampling method, the subjects were segregated
into two groups (Group A Experimental Group, N = 32, and Group B Control Group, N = 32). Group A received the
intervention, the IMT device, and balloon exercise in addition to traditional neck exercises for 30 — 45 minutes three days
per week for four weeks. Group B received conventional neck exercises for the same duration. Pre- and post-cervical ROM and
PFT were assessed and recorded.

2.2 Outcome measures

2.2.1 Pulmonary function test:
FVC, MVYV, and SVC were assessed using spirometry (Spiroexcel PC-based Pulmonary function test device) 0.

2.2.2 Cervical Range of Motion (CROM) :
Active CROM, primarily left lateral and right lateral rotation, flexion, and extension, was measured using an Inclinometer !12),

2.3 Intervention

Before the intervention, the outcome measured were assessed for the pre-test data.

After the collection of pre-data, subjects in Group A were given an Inspiratory muscle training device (Phillips IMT
device) 1*-19) and balloon exercise 17~!*) along with conventional neck exercise. Group B was given only conventional neck
exercises. The Experimental Group A received an Inspiratory Muscle training device for 15 minutes, balloon exercise — 12
repetitions,!7!®) and neck stretching and strengthening exercises for 30 — 45 minutes. All exercises were done at a frequency
of three days per week and a duration of four weeks. Group B received neck stretching and strengthening exercises for 30 - 45
minutes three days/ week for four weeks.

Neck stretching and strengthening exercises include the static levator scapulae stretch, unilateral self-stretch exercise of
Pectoralis minor, static sternocleidomastoid stretch, and trapezius stretches?.Neck isometric exercise (trapezius, scalene),
prone horizontal abduction with external rotation, chin tuck (Longus colli, Longus capitis)® 30 to 45 minutes per session,
three sessions per week alternative days, for four weeks. For stretching 5 to 10 repetitions, 30 seconds hold for two sets. For
strengthening exercise, 5 to 10 repetitions for two sets. Rest interval for stretching exercises will be 30 seconds, and for resisted
exercises, 45 seconds ?). After four weeks of intervention, the post-outcome measure tests were taken. Among Group A, three
subjects and Group B, two subjects were excluded from the study due to post-measurement errors. Group A 29 subjects and
Group B 30 subjects’ pre- and post-data were recorded, and statistical analysis was done.

2.4 Statistical analysis

The data was examined using SPSS (version 29.0). The mean and standard deviation for the demographic variables and outcome
indicators were calculated using descriptive statistics. To identify the significant variations within the group, a paired t-test was
performed. To find the significant difference between the groups, an independent t-test was used. The significance level was set
atp 0.05.

3 Results and Discussion

Table 1 shows the evaluation of the collected data using the Mann-Whitney U test to check the groups’ differences. U value is
365.500, and the P Value is 0.28, > 0.005. This indicates that the age distribution between the groups was homogeneous.

Table 1. Mann-Whitney test for age

Group Mean Sd U Value Significance
G E 37.72 3.23

roup a (Exp group) 365.500 0.28
Group b(Control group) 38.23 3.11

SD - Standard deviation, EXP — Experimental

Table 2 shows the baseline values of age and BMI among the subjects taken for the study. In Group A, 29 subjects and in
Group B, 30 subjects were considered based on the inclusion criteria of age group 35 - 45 years. The mean age of the subjects
in Group A was 37.72 4 3.23, and Group B was 38.23 + 3.11. The BMI was calculated for the subjects who participated in the
study based on height and weight. The subjects’ mean BMI (kg/m2) in Group A was 22.26 4 2.96, and in Group B was 22.40 +
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1.75.
Table 2. Descriptive statistics of baseline variables
G A G B

Variables roup roup

Mean Sd Mean Sd
Age (in years) 37.72 3.23 38.23 3.11
BMI (kg/m? ) 22.26 2.96 22.40 1.75

Table 3. Comparison within group-A for cervical rom and pulmonary functions

M Sd
Group A can M.e an SdDiff TVal P Val Inference
(Experimental) Pre Post Diff Pre Post
Cervical flexion 48.55 53.53 -5.27 3.16 2.10 2.32 12.20  0.000 Significant
Cervical extension 43.72 48.90 -5.17 3.18 2.36 1.71 16.26 0.000 Significant
Left lateral rotation 46.28 47.79 -1.51 5.01 4.70 0.78 10.41 0.000 Significant
Right lateral rotation  46.66 48.90 -2.24 3.85 3.57 0.83 14.53  0.000 Significant
FVC % 65.95 77.00 -11.05 6.90 7.59 3.98 -14.94  0.000 Significant
SVC % 68.74 80.67 -11.93 5.12 4.93 5.04 -12.74  0.000 Significant
MVV % 32.36 47.88 -15.52 17.82 21.19 10.3 -8.11 0.000 Significant

The paired t-test within the group for Group A, as shown in Table 3, interprets the pre-value for Cervical Flexion as 48.55
+ 3.16 and the post-value as 53.53 + 2.10. The pre-value for cervical extension was 43.72 4 3.18, and the post-value was 48.90
+ 2.36. For Cervical Left lateral rotation, the pre-value was 46.28 + 5.01, and the post-value was 47.79 + 4.70. For Cervical
proper lateral rotation, the pre-value was 46.66 + 3.85, and the post-value was 48.90 £ 3.57. For FVC, the pre value was 65.95
+ 6.90, and the post value was 77.00 4 7.59. For SVC, the pre value was 68.74 £ 5.12, and the post-value was 80.67 + 4.93. For
MVYV, the pre-value was 32.36 + 17.82, and the post-value was 47.88 4+ 21.19. The p-values for all outcome measurements were
0.000 (0.05), indicating a significant difference for Group A. Therefore, this suggests that four weeks of respiratory training and
conventional therapy were statistically significant in improving the cervical ROM and pulmonary functions in NS-CNP. This
confirms the alternate hypothesis and rejects the null hypothesis.

Table 4. Comparison within group B for cervical rom and pulmonary functions
Mean Mean Sd

Group B (Contl) . Sd Diff T Val P Val Inference
Pre Post diff Pre Post

Cervical flexion 48.53 52.13 - 3.60 3.31 2.71 1.45 13.57 0.000  Significant
Cervical extension 45.20 48.27 - 3.06 3.58 2.81 1.79 9.33 0.000 Significant
Left lateral rotation ~ 45.97 47.80 -1.83 3.44 3.14 0.10 16.95 0.000 Significant
Right lateral rot 46.87 48.63 -1.76 3.14 4.05 0.16 10.78 0.000  Significant
FVC % 66.95 73.38 -6.42 5.41 5.40 2.28 -15.40 0.000 Significant
SVC % 66.96 76.30 -9.34 7.48 6.56 4.22 -12.11 0.000  Significant
MVV % 33.36 38.40 -5.03 14.20 13.19 2.58 -10.67 0.000 Significant

The paired t-test within the group for Group B, as shown in Table 4, interprets the pre-value for Cervical Flexion as
48.53+3.31 and the post-value as 52.134-2.71. For cervical extension, the pre- and post-value was 45.204+-3.58 and 48.274-2.81.
For cervical left lateral rotation, the pre- and post-value was 45.9743.44 and 47.80+3.14. For cervical proper lateral rotation,
the pre- and post-value was 46.8743.14 and 48.634+4.05. For FVC, the pre- and post-value was 66.954+-5.41 and 73.3845.40.
For SVC, the pre- and post-value was 66.964+-7.48 and 76.304-6.56. For MVYV, the pre- and post-value was 33.364-14.20 and
38.40413.19. The p-values for all outcome measurements were 0.000 (0.05), indicating a significant difference for Group B.
Therefore, this suggests that four weeks of conventional therapy was statistically significant in improving the cervical ROM and
pulmonary functions in non-specific chronic neck pain. This confirms the alternate hypothesis and rejects the null hypothesis.
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Table 5. Comparison between both the groups for cervical rom and pulmonary functions

Variable Group Mean Sd Mean diff T value Pvalue Inference
. . Exp group 48.55 3.16 Not
Cervical flexion pre Control group  48.53 3.31 0.01 0.02 0.983 significant
. . Exp group 53.83 2.10 .
Cervical flexion post Control group  52.13 571 1.69 2.67 0.010 Significant
. . Exp group 43.72 3.18 Not
Cervical extension pre Control group ~ 45.20 358 -1.47 -1.67 0.100 significant
. . Exp group 48.90 2.36 Not
Cervical extension post Control group ~ 48.27 581 0.63 0.929 0.356 significant
Cervical left lateral rot Exp group 46.28 5.01 0.30 0277 0.783 I.\Iot.
pre Control group ~ 45.97 3.44 significant
Cervical left lateral rot Exp group 47.79 4.70 - 0.007 -0.007 0.995 Not'
post Control group  47.80 3.14 significant
Cervical proper lateral Exp group 46.66 3.85 Not
-0.21 -0.2 .
rot pre Control group  46.87 4.05 0 0.205 0838 significant
Cervical right lateral rot Exp group 48.90 3.57 0263 0278 0.782 I.\Iot.
post Control group  48.63 3.69 significant
Exp group 65.95 6.90 Not
0 - -
FVC% pre Control group  66.95 5.41 1.0049 0.62 0-536 significant
Exp group 77.00 7.59 o
FVCY .62 2.11 . fi
VC % post Control group ~ 73.38 5.40 3.6 0.038 Significant
Exp group 68.74 5.12 Not
0,
SVC % pre Control group  66.96 7.48 1.78 1.063 0-290 significant
Exp group 80.67 493 -
0,
S VC % post Control group 76,30 6.56 4.36 2.88 0.005 Significant
Exp group 32.36 17.82 Not
0, - -
MVV % pre Control group  33.36 14.20 1.004 023 0811 significant
Exp group 47.88 21.19 -
0,
MVYV % post Control group  38.40 13.19 9.48 2.05 0.043 Significant

Only a few outcome measures were statistically significant compared to the other variables using the independent t-test, as
indicated in Table 5 of the results. For cervical flexion, the mean post value for Group A was 53.83+2.10, and for Group B was
52.1342.17; the obtained p-value was 0.010 (<0.05). For FVC, the mean post value for Group A was 77.004-7.59, and for Group
B was 73.384-5.40, the obtained p-value was 0.038(<0.05). For SVC, the mean post value for Group A was 80.67+4.93; for Group
B, 76.304-6.56; the obtained p-value was 0.005(<0.05). For MV'V, the mean post value for Group A was 47.884-21.19, and for
Group B was 38.40413.19, and the obtained p-value was 0.043(<0.05). Therefore, this suggests that four weeks of respiratory
training and conventional therapy were statistically significant in improving cervical flexion and pulmonary functions in NS-
CNP, confirming the alternate hypothesis and rejecting the null hypothesis.

In the current study, though a significant variance was seen within the group to improve the cervical ROM, the results were
not significant between the groups as seen above in Table 5, suggesting that adding respiratory training to the protocol for a
4-week program may not contribute much towards cervical ROM. However, the intervention with a prolonged duration can be
further explored.

Giving respiratory training (IMT and balloon exercise) along with conventional neck exercises helps to improve inspiratory
and expiratory muscle performance, relax the neck mobilizers, and significantly improve the strength of the neck muscles.
Adding respiratory exercises to conventional neck exercises reduces the contribution of the upper thoracic and neck muscles
towards respiration as the primary respiratory muscle performance improves ?%. The current findings showed an improvement
in the cervical ROM within both groups suggesting that with the reduction in pain and an improved cervical ROM due to
the conventional exercises and by adding respiratory training to it which improves the respiratory muscle functioning, the
overall neck posture rib cage mechanics and the breathing pattern improves. The study findings however didn’t find a significant
difference in the cervical ROM between the groups possibly because both the groups were given conventional exercises which
improve cervical ROM. The addition of respiratory training may not directly influence the cervical ROM. With a reduction in
pain and relaxed neck musculature, an improvement in respiratory muscle strength and the correction of breathing patterns
could be a reason for the improvements in pulmonary function 221,

The present study findings agree with a few other previous studies. A study distributed CNP subjects into three groups:
combined respiratory and neck exercises, respiratory exercises, and neck exercises. EMG assessment showed significant
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improvement in neck muscles, decreased SCM, AS, and UT activity, and corrected FHP. The combined therapy did not show any
change in these muscles but increased the diaphragm activity?. Chand et al in their study also concluded that while designing
rehabilitation strategies for neck pain, it should include breathing exercises to improve the functioning of the respiratory system
and reduce pain ®?.

Shireen Anwar et al. did a randomized control study on CNP subjects comparing breathing re-education and conventional
therapy at four weeks and eight weeks follow-up. Results revealed that cervical flexion, extension, and pulmonary indices had
significantly improved. Compared to the current study, only the cervical flexion range was improved between the groups®®
. A systematic review and meta-analysis study done by Tatsios et al on the effectiveness of spinal, diaphragmatic, and specific
stabilization exercise manual therapy and respiratory-related interventions in patients with NS-CNP. This study in correlation
with the current study concluded that NS-CNP patients will show a significant improvement in pain and strength with
diaphragmatic breathing and respiratory exercises®.

This current study was one of the few to determine the effectiveness of adding a respiratory training device along with regular
neck exercises for treating chronic neck pain. The results support additional respiratory training to enhance pulmonary function
in CNP patients.

For the study’s limitations, other outcome measures could be assessed to check the physiological improvement in the primary
and secondary respiratory muscles, like chest expansion or electromyography to understand the respiratory muscle activity
during the training in NS-CNP.

4 Conclusion

Respiratory parameters are affected in CNP due to the involvement of the accessory muscles of respiration in the cervical region
and the poor posture acquired due to long-term NS-CNP. Fewer studies are done on improving pulmonary parameters in NS-
CNP and these studies suggest the need for advanced respiratory assessment and to focus on additional parameters beyond
FVCand FEV1 in pulmonary function testing. This indicates the need for further research on respiratory training programs and
respiratory exercises in rehabilitation for non-specific CNP. Hence the study’s novelty arises to implement respiratory training
as a part of the management of NS-CNP.

The results of the current study concluded that respiratory training along with neck conventional exercises did have a
significant effect on mobility and respiratory functions in subjects with CNP. Therefore, adding respiratory training to the neck
rehabilitation protocol is essential to improve pulmonary function and mobility in NS-CNP subjects. The recommendations
would be to incorporate a few advanced parameters to check the particular muscle activity during the respiratory exercise. Also,
a long duration of intervention can be done to check the long-term effect along with follow-up.
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