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Abstract

Background: Neck pain is one of the most frequently reported musculoskeletal complaints among adults; its
prevalence in the world is ranging from 16.7 to 75.1%. It can have an impact on a person’s physical, psychological,
and social well-being. Along with pain, disability, muscle weakness, and alterations in the posture, neck pain patients
are likely to develop affection of the respiratory function as reported in numerous studies. However, these patients
are primarily managed with a musculoskeletal perspective with little or no emphasis to the changes observed in the
respiratory system. There is a paucity of literature evaluating the need for respiratory rehabilitation in these patients.

Main body: All relevant published literature related to respiratory dysfunction in patients with chronic neck pain
were critically reviewed in this study. Patients having chronic neck pain were found to have alterations in respira-

tory function in terms of reduced lung volumes, reduced chest mobility, and decreased respiratory muscle strength.
Various factors such as decreased cervical range of motion, decreased strength of deep neck flexors and extensors,
forward head posture, and pain are known to cause these dysfunctions. Respiratory system intervention in the form of
breathing re-education and respiratory exercises are significantly proven to improve treatment outcomes.

Conclusion: There is limited literature relating to respiratory dysfunction and its management in neck pain patients.
Incorporation of both respiratory and musculoskeletal assessments can enhance their treatment outcomes. Addition-
ally, it can be suggested to consider intervention in the form of respiratory rehabilitation while strategizing treatment

goals for these patients.

Keywords: Neck pain, Respiratory muscle, Respiratory system

Background

Neck pain is one of the most commonly reported mus-
culoskeletal affection in the general population. It has a
tremendous impact on the health and quality of life of
the individual and on society as a whole. In a study which
examined the cross-national prevalence of chronic pain
conditions, 41.1% and 37.3% of subjects in developing
and developed countries respectively reported chronic
neck pain [1]. An overall prevalence rate of 19.3% was
found for chronic pain in the Indian population [2]. In a
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study carried out in a small urban primary health center
in a city of central India, 3.11% population reported neck
pain. The prevalence was found to be highest in the age
group of 21-40years followed by 41-60years. The least
affected were individuals younger than 20 years old [3].
Likewise, the global point prevalence of neck pain in 2017
was estimated to be 4.45% in the Arab population [4].
Various studies have reported the association of res-
piratory dysfunction in patients with chronic neck pain
[5-10]. Patients with neck pain present with decreased
strength of deep neck flexors and extensors, increased
fatigability of superficial neck flexors, alterations in pos-
ture, limited range of motion, decreased propriocep-
tion, neck disability, and other psycho-social affections
[9]. According to Kapreli et al., these factors are respon-
sible for predisposition of respiratory dysfunction in
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these patients [6]. Reduction in lung volumes is a sen-
sitive index of pulmonary disorders. Dimitriadis et al.,
in their study, reported reduced lung volumes in neck
pain patients and observed a trend towards pulmonary
restriction that may contribute to developing respiratory
pathology in the long run [10].

A systematic review performed by Amir Hossein Kahl-
aee et al. supports the evidence of functional pulmo-
nary impairment, altered pulmonary volumes, reduced
respiratory muscle strength, and faulty breathing pat-
tern being observed in chronic neck pain patients [11].
Another review by Harneet et al. suggests the presence
of respiratory dysfunction in chronic neck pain patients
and that exercises targeting the respiratory muscles
along with correct breathing patterns were found to be
helpful in improving both cervical and respiratory func-
tions [12]. These studies further reiterate the importance
of respiratory retraining in improving both respiratory
and musculoskeletal impairment in chronic neck pain
patients [11, 12].

The current study critically reviewed all relevant pub-
lished literature regarding the association of respira-
tory dysfunction in chronic neck pain patients and its
management for the same. Chronic neck pain in the
target population was defined as pain lasting for at least
3 months or more than that.

Methods

A literature search was conducted on PubMed, Research-
Gate, Google Scholar, and MEDLINE databases. The
studies published in the last 20years from the year 2001
to 2021 were included in this review.

The inclusion criteria were studies published in the
English language involving human subjects, studies ana-
lyzing respiratory function or pattern of breathing in
chronic neck pain patients, and studies involving any
respiratory intervention for the same. Exclusion criteria
were studies that were published before 2001, the ones
that did not assess the outcomes of interest including
studies assessing acute or traumatic neck pain or pain
associated because of any neurological cause. The related
keywords included the following: “neck pain,” “chronic
neck pain,” “respiratory function,” and “pulmonary func-
tion” The title and abstract of the resulting articles were
screened. The initial search yielded three hundred and
sixty articles. Studies whose title is related to the topic,
i.e., relationship between respiratory function in neck
pain patients, were shortlisted, and after excluding
researches for content irrelevance, a total of fifteen stud-
ies were finalized for this review. Fifteen studies included
four randomized control trials, eight cross-sectional
studies, two pilot studies, and one case-control study.
Only papers reporting primary research were referred
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in conducting this review. Four studies [5, 6, 11, 12] were
not formally used to present review findings; instead,
they were used to develop arguments presented in the
introduction and in the general discussion of the study.
Summary of the findings of all the relevant articles is
presented in Table 1. Among the 15 studies reviewed, 13
studies included only neck pain patients and two of them
included patients having other musculoskeletal pain also;
11 were only assessment based, and four of them stud-
ied the effect of a respiratory intervention on various
parameters.

The Hailey et al. classification system was used to eval-
uate the quality of researches [24]. This system of clas-
sification includes five levels of categories ranging from
grade A to E. Out of the total fifteen studies that were
shortlisted, three studies [10, 13, 21] were graded A (high
quality), seven studies [7-9, 15-17, 22] were B (good
quality), four studies [23, 25-27] were C (fair to good
quality), and one study [28] was D (poor to fair quality).

Main text

Assessment of respiratory function in patients with neck
pain

Respiratory function can be best described by assessment
of rib cage mobility, respiratory muscle strength, neck
posture, and pulmonary function test results [5].

Chest mechanics

Chest mechanics refers to the kinematics involving res-
piratory muscles and their coordinated action to produce
chest wall displacement [25].

Perri and Halford examined the respiratory function
with the help of a self-developed “total faulty breathing
scale” in neck pain patients. This scale assesses breath-
ing patterns both during relaxed and deep breath-
ing. The scoring is based on three main criteria during
inhalation. The absence of outward lateral rib motion
is graded as mild affection, lifting of the clavicles is
graded as moderate affection, and paradoxical breathing
is graded as severe affection in both relaxed and deep
breathing. The scoring is done on an ordinal scale of 1,
2, and 3 for mild, moderate, and severe affection respec-
tively. The findings of the above study demonstrated
a higher incidence of faulty breathing mechanics in
patients with neck pain [13].

Wirth et al. studied rib cage mechanics in patients
with chronic neck pain by assessing the thoracic spine
mobility using a hand-held, non-invasive electrome-
chanical device called The Spinal Mouse (Idiag, Feh-
raltorf, Switzerland) which was used to determine the
sagittal range of motion (ROM) of the thoracic spine.
This test was conducted in the all-fours position to
promote a greater range of motion. The device was
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rolled down the spine starting with the 7th cervical
vertebra (C7) and ending at the 3rd lumbar vertebra
(L3). The measurements were performed in the neu-
tral, maximally flexed, and maximally extended trunk
positions. Mobility between neutral and flexed posi-
tion (thoracic flexion) and neutral and extended posi-
tion (thoracic extension) was calculated [7].

Wirth in the same study assessed chest mobility at
the level of the xiphoid process using the measure tape
method. The measuring tape was drawn tight around
the patient’s chest. The patient was asked to perform
maximal inspiration and maximal expiration, and the
difference in the circumference of the chest was noted.
The measurement was taken twice and the average of
the two readings was noted.

The findings revealed a decrease in chest expansion
in patients with chronic neck pain [7].

Ozge Solakoglu et al, in their study, measured
mobility of the chest using a tape measure and cor-
related its findings with respiratory parameters in
patients having chronic neck pain. The findings sug-
gested that chest expansion was correlated to respira-
tory parameters that included forced vital capacity
(FVC)%, peak expiratory flow (PEF)%, maximum
voluntary ventilation (MVV), MVV%, and maximal
inspiratory mouth pressure (P;.,,,) and maximal expir-
atory mouth pressure (P,,,,,). However, this study did
not show any relation of chest expansion with forward
head posture (FHP) [22].

Ji Hong Cheon et al. investigated the correlation
between thoracic mobility and respiratory mus-
cle strength in chronic neck pain patients. Thoracic
kyphotic curvature, thoracic sagittal ROM, maximal
inspiratory pressure (MIP), and maximal expiratory
pressure (MEP) were assessed. Thoracic kyphotic cur-
vature and thoracic sagittal ROM between MEP and
MIP (thoracic sagittal ROM,p\p) Were measured
using flexicurve. Thoracic kyphotic curvature was
measured by placing the flexicurve at the C7 spinous
process through the 12th thoracic vertebra (T12)
spinous process. The angle was measured by calcu-
lating the distance with the help of a formula. The
participants had a mean angle of 29.30°+3.72°. For
calculating the thoracic sagittal ROMp_yvp the tho-
racic kyphotic curvature at MEP was subtracted by the
thoracic kyphotic curvature at MIP. It was observed
that thoracic mobility during forced respiration was
reduced in patients having chronic neck pain, and it
correlated well with respiratory muscle strength. The
findings suggested that impairment of respiratory
strength in chronic neck pain patients may be attrib-
uted to changes in the biomechanics of the cervicotho-
racic spine and rib cage [21].

Page 8 of 11

Pulmonary function

Pulmonary function test is a non-invasive tool used
for the assessment of lung function which provides an
objective information regarding the diagnosis of lung
diseases [26].

Pulmonary function test is performed using an elec-
tronic spirometer (Spirolab II; SDI Diagnostics Inc., Eas-
ton, MA, USA, and Spirobank II USB MIR, Rome, Italy)
with reference to the guidelines of The American Tho-
racic Society of Standardization of Spirometry and Euro-
pean Respiratory Society (ATS/ERS) [9, 10, 15, 17, 20] or
with the help of a Master Scope PC spirometer (Jaeger,
Hoechberg, Germany) [7].

The parameters of pulmonary function test that were
commonly assessed in the studies relating to neck pain
patients were forced FVC, vital capacity (VC), PEF, forced
expiratory volume in 1s (FEV1), FEV1/FVC, forced expir-
atory flow (FEF25-75%; FEF25%, FEF50%, FEF75%), and
MVV (7,9, 10, 15, 17, 20].

Kapreli et al. were the first to provide evidence of pul-
monary function affection in chronic neck pain patients.
The pilot findings of this study comparing chronic
neck pain patients with healthy controls revealed that
patients with chronic neck pain had reduced values of
FEV1, FVC, and FEV1/FVC ratio (p>0.05) and MVV
(p<0.00) [9].

Dimitriadis et al., in his study conducted on a larger
sample size, confirmed the trends seen in the previously
mentioned study. His study finding reported that chronic
neck pain patients presented with significantly decreased
VC, expiratory reserve volume, FVC, and MVV. Two
patients with neck pain were found to have a mild restric-
tion (percent predicted FVC<lower limit of normal but
> 70, no reduction in FEV1/FVC) [10].

The findings of the study done by Moawd et al. pro-
vided additional support to the findings of the previous
studies. It reported significant reductions in VC, inspira-
tory capacity (IC), expiratory reserve volume (ERV),
FEV1, and FVC in patients with chronic neck pain [17].

The Ibai Lopez-de-Uralde-Villanueva study in patients
with chronic nonspecific neck pain and healthy con-
trols showed statistically significant differences for FEV1
and FVC but not the ratio FEV1/FVC between the two
groups [20].

However, the study done by Yalcinkaya et al., compar-
ing patients with chronic neck pain and healthy controls
separately for males and females, did not show a signifi-
cant difference in values of FEV1, FVC, FEV1/FVC, PEF,
FEF 25-75%, and MVV between the genders [15].

A recent study done by Awadallah M F et al. exam-
ined the relationship between respiratory function
and chronic neck pain. It was found that chronic neck
pain patients had reduced pulmonary parameters that
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included FVC, FEV1, FEF 25-75%, and PEFR. Fifty-two
percent of the participants presented with reduced FEV1/
FVC values indicating a restrictive pattern [23].

Ozge Solakoglu in his study assessed pulmonary func-
tion in neck pain patients with the help of Vmax'" Encore
body plethysmography device and body cabin. The neck
pain patients were assessed for forward head posture
(FHP) and divided into 2 groups. One group had patients
who had FHP and the other group included patients hav-
ing normal head posture (NHP). A weak negative corre-
lation between FHP and FEV1/FVC%, FEF 25-75%, and
FEF75% was found [22].

Respiratory muscle strength

Respiratory muscle function can be assessed directly by
measuring the pressure developed throughout the maxi-
mum voluntary inspiratory and expiratory effort [22, 27].
Maximal expiratory and inspiratory pressures (P,,,, and
P, .« respectively) are critical to assess the muscle weak-
ness of respiratory muscles. MIP expressed as P, ., meas-
ures inspiratory muscle strength whereas MEP expressed
as P, measures expiratory muscle strength. MVV also
indicates the muscle strength, but it is less sensitive than
P, .xand P, [22] as the MVV is approximately propor-
tional to VC reduction [7, 8].

Ozge Solakoglu in his study on the effects of forward
head posture on expiratory muscle strength in chronic
neck pain patients assessed maximal respiratory pres-
sures using a digital mouth pressure meter also known
as micro respiratory pressure meter (MicroRPM by
CareFusion Inc., Yorba Linda, CA, USA). Patients were
requested to wrap their mouth around the flanged
mouthpiece tightly. A nose clip was applied to ensure
that any air leak was prevented. To measure the P, .,
the patients were initially asked to inhale as much as they
could and, then, to exhale at maximal exertion against the
resistance of the instrument for no less than 1 s. To meas-
ure the P, .., the patients were asked to exhale as much
as they could and, then, to inhale at maximal exertion
against the resistance of the instrument for no less than
1 s. The results of this study observed a weak relationship
between FHP and expiratory muscle strength, whereas
no significant relationship was observed between FHP
and inspiratory muscle strength [22].

Similar assessment techniques have been used by
Wirth B, Dimitriadis Z, Kapreli E, IbaiLo "pez-de-Uralde-
Villanueva, and Moawd et al. in their studies that meas-
ured maximal mouth pressures using a digital mouth
pressure meter (MicroRPM®) and the accompanying
PUMA PC software [7-9, 17, 20]. In all these studies,
MIP and MEP were both significantly reduced in patients

with chronic neck pain [7-9, 17, 20].

Page 9 of 11

Reduction in respiratory muscle strength in chronic
neck pain patients is attributed to the increased activity
level of sternocleidomastoid and anterior scalene. Since
the increased activity levels of these muscles put them at
risk of early fatigue, it causes impairments in the cervical
and thoracic spine and the rib cage. Imbalance of neck
stabilizer and mobilizer muscles disrupts the optimal
activation of respiratory muscles. Thus, alteration in the
rib cage mechanics causes respiratory dysfunction [11].

Posture

Forward head posture (FHP) commonly seen in patients
with neck pain is caused by a reduced strength of deep
flexors and extensors which in turn cause muscle imbal-
ance and segmental instability [6]. It is also associated
with changes in the thoracic spine and reduction of tho-
racic mobility. These morphological changes are believed
to cause impairment in respiratory function [28].

Wirth B, Dimitriadis Z, and Kapreli E assessed the for-
ward head posture with the help of a digital picture taken
in the lateral view for each subject. Cranio-vertebral
angle being the angle between the line extending from
the tragus of the ear to the C7 spinous process and the
horizontal line through C7 was calculated with the 3D
drawing program (Auto-CAD 2000; Autodesk Inc., San
Raphael, CA, USA) [7-10].

A pilot study conducted by Kapreli et al. in chronic
neck pain patients and healthy controls suggested that
forward head posture was associated with the lung func-
tion parameters in the patients with neck pain [8]. How-
ever, similar studies performed by Dimitriadis, Wirth
et al,, and Ibailo "pez-de-Uralde-Villanueva did not find
any significant differences in head posture when com-
pared in patients with chronic neck pain and healthy
controls [7, 8, 20].

Ozge Solakoglu et al. investigated the relationship
between FHP and respiratory dysfunctions in chronic
neck pain patients. For the assessment of FHP, two meas-
urements were obtained through radiographs using the
Picture Archiving and Communication System (PACS,
General Electric Healthcare, NY, USA) software. In the
first one, the anterior head translation distance which
is the perpendicular distance between the vertical line
from the posterior inferior corner of C7 and the verti-
cal line from the posterior superior edge of the vertebral
body of C2 was measured and was recorded in millim-
eters. Patients with an anterior head translation distance
of >15mm were assigned as the FHP group, and those
with a displacement of <15mm were assigned as the
normal head posture group. In the second method, C7
vertebrae position (C7°) was measured through the angle
between the line parallel to the disc plane of the C7 disc
and a line constructed parallel to the base of the X-ray
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film. The C7° is closely related to the static alignment of
the cervical spine and was thought to be proportional to
FHP [24]. This study demonstrated a weak relationship
between FHP mm and P,,,% for small effect size and a
weak relationship between C7° and P, ., % for medium
effect size [22].

Management of respiratory dysfunction in chronic neck
pain

There is a paucity of literature concerning the manage-
ment of respiratory dysfunction in chronic neck pain.

Yeampattanaporn O et al. evaluated the immedi-
ate effects of breathing re-education in 36 chronic neck
pain patients. Subjects in the study were re-educated
with three breathing patterns for 30 min. Pain, cervical
range of motion, chest expansion and upper trapezius,
anterior scalene, and sternocleidomastoid muscle activ-
ity were recorded before and after the intervention. The
pain intensity and the muscle activity were significantly
decreased, whereas the cervical range of motion and
chest expansion at the lower rib cage were significantly
increased after the intervention. The study suggests
incorporation of breathing re-education has a potential
to change breathing patterns and cause an increase in
chest expansion and improvement in the cervical range
of motion [16].

B. Wirth et al,, in his study, demonstrated the effects of
4-week respiratory muscle endurance training (RMET)
on chronic neck pain. RMET was performed with a
SpiroTiger, a hand-held device that allows for hyperpnoea
ensuring normocapnia by partial CO, rebreathing from
a bag. The participants performed five sessions of RMET
per week. This study concluded that RMET significantly
increased MVV, P,_..., and P,,,.,. During RMET, neck dis-
ability significantly decreased, while neck flexor endur-
ance and chest wall expansion increased. Reduction in
hyperventilation and hypocapnia were attributed to the
effects of respiratory muscle endurance training [18].

Laurie McLaughlin et al. studied the short-term effects
of breathing retraining on pain intensity, functional sta-
tus, and end-tidal CO, (ETCO,) in patients with neck
and back pain. A muscle strategy problem was identified,
and a manual therapy or motor control approach was
implemented. Awareness training and biofeedback with
capnography and manual therapy to restore mobility
were used to retrain breathing. Significant improvement
in pain, function, and ETCO, after the intervention was
noted. The study suggests assessing breathing dysfunc-
tion using capnography can be incorporated into a man-
ual therapy approach which may in turn improve patient
outcome [14].

In a pilot study conducted by Vikram Mohan et al,
effects of respiratory exercises on chronic neck pain
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patients were assessed. Ten participants were divided
into control and experimental groups. The control group
received routine physiotherapy sessions which included
electrotherapeutic modalities for pain, stretching of neck
muscles, and range of motion exercises. The experimen-
tal group received routine physiotherapy sessions and a
respiratory exercise program which included diaphrag-
matic breathing exercise, volume-oriented device incen-
tive spirometer, and pursed lip breathing exercise. The
exercises were carried out with supervision two times per
week for a period of 8 weeks. The study concluded that
respiratory exercise program significantly improved the
endurance of respiratory muscles and reduced pain in
patients having chronic neck pain [19].

Conclusion

Patients having chronic neck pain present with altered
chest mechanics, abnormalities in pulmonary function
tests, and decreased strength of respiratory muscles.
Neck pain was also found to be associated with neck dis-
ability, decreased cervical mobility, reduced strength of
cervical flexors and extensors, and presence of forward
head posture and psychological parameters like kinesio-
phobia and pain catastrophizing. Looking at the avail-
able literature, it is clear that there are very few studies
that have extensively evaluated the effect of respiratory
intervention in these patients. This seems to have been
a largely ignored aspect of both assessment and man-
agement strategy of patients presenting with neck pain.
Therefore, comprehensive protocol inclusive of assess-
ment of respiratory function and incorporation of res-
piratory therapies in the form of breathing re-education
and breathing retraining should be undertaken in these
patients. This could certainly enhance the treatment out-
comes and largely benefit the patients to achieve faster
recovery.
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