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Differences of Spinal Curvature, Thoracic
Mobility, and Respiratory Strength Between
Chronic Neck Pain Patients and People
Without Cervical Pain
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Eun Young Kang, MD, Hyun Kyung Lee, MD, PhD, Younkyung Cho, MD

Department of Rehabilitation Medicine, Kwangju Christian Hospital, Gwangju, Korea

Objective To investigate the differences of spinal curvature, thoracic sagittal mobility, and respiratory strength
between patients with chronic neck pain (CNP) and people without cervical pain, and to determine the correlation
between respiratory strength and thoracic mobility in CNP patients.

Methods A total of 78 participants were finally included in this study, of whom 30 had no cervical pain and 48 had
CNP. The Neck Disability Index (NDI), cervical lordotic curvature, thoracic kyphotic curvature, thoracic sagittal
range of motion (ROM), maximal inspiratory pressure (MIP), and maximal expiratory pressure (MEP) were
measured and analyzed.

Results In males, thoracic sagittal ROM,p.\» and MEP showed a significant difference between the no cervical
pain group and the CNP group. In females, thoracic kyphotic curvature, thoracic sagittal ROMzp_ vy MIP, and MEP
were significantly different between the no cervical pain group and the CNP group. Thoracic kyphotic curvature
was significantly correlated with MEP and MIP in all population groups, and significantly correlated with NDI in
the female group. Thoracic sagittal ROM,;,;, viip had a significant linear relationship with NDI, MEP, and MIP in all
population groups.

Conclusion The thoracic mobility during forced respiration was reduced in patients with CNP and was correlated
with respiratory strength. Changes in the biomechanics of the cervicothoracic spine and rib cage due to CNP may
contribute to impairment of respiratory strength.

Keywords Neck pain, Respiratory function tests, Spinal curvatures

Received May 27, 2019; Accepted September 9, 2019

Corresponding author: Younkyung Cho

Department of Rehabilitation Medicine, Kwangju Christian Hospital, 37 Yangnim-ro, Nam-gu, Gwangju 61661, Korea. Tel: +82-62-650-5167, Fax: +82-
62-671-7447, E-mail: yhaehwan@daum.net

ORCID: Ji Hong Cheon (https://orcid.org/0000-0003-4366-1610); Na Na Lim (https://orcid.org/0000-0001-5743-9135); Geun Su Lee (https://orcid.
0rg/0000-0003-2131-3148); Ki Hong Won (https://orcid.org/0000-0002-1456-7943); Sung Hoon Lee (https://orcid.org/0000-0002-2071-7936); Eun
Young Kang (https://orcid.org/0000-0001-6805-5727); Hyun Kyung Lee (https://orcid.org/0000-0002-1464-2560); Younkyung Cho (https://orcid.
0rg/0000-0003-4906-6089).

@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2020 by Korean Academy of Rehabilitation Medicine



Spinal Mobility and Respiratory Function of Chronic Neck Pain Patients

INTRODUCTION

Neck pain is the fourth leading cause of disability, with
an annual prevalence rate of >30% [1]. In addition to
musculoskeletal pain, neck pain is also associated with
dizziness, anxiety, and depression, and is known to cause
disability in daily life [2]. Recently, some evidences show-
ing that pulmonary function is reduced in patients with
chronic neck pain (CNP) have been reported [3-6].

Vital capacity and functional vital capacity are signifi-
cantly lower, and maximal voluntary ventilation is also
lower, in CNP patients than in people without CNP [3,4].
It was revealed that respiratory muscle strength has a
significant correlation with CNP [4-6]. Maximal expira-
tory pressure (MEP) and maximal inspiratory pressure
(MIP) are also significantly associated with neck muscle
strength and characteristics of CNP patients such as cata-
strophizing and kinesiophobia [5].

Although the thoracic spine is known to have a limited
range of motion (ROM) owing to the robust rib cage, the
sagittal posture of the thoracic spine and the thoracic
mobility have a correlation with neck pain severity and
disability [7-9]. There is a significant negative correlation
between the thoracic curvature and lung function among
older adults [10]. According to Lau et al. [8], thoracic flex-
ion is significantly correlated with all neck motions, and
there is a fair correlation between chest expansion and
forward head posture.

Previous studies measured the spinal kyphotic curva-
ture regardless of the respiratory status; however, the re-
sults may not represent the chest mobility and changes of
spinal kyphotic curvature while breathing. Therefore, un-
like previous studies, this study measured functional tho-
racic ROM associated with respiration, which means the
thoracic sagittal ROM between MEP and MIP (thoracic
sagittal ROM,p.vp) rather than maximum thoracic sagit-
tal ROM, and attempted to determine the correlation be-
tween respiratory strength and functional spinal mobility
in people without cervical pain and in CNP patients.

MATERIALS AND METHODS

Subjects

The study was conducted for 3 months, from October
2018 to December 2018, at the Department of Rehabilita-
tion Medicine. Participants were recruited through leaf-

lets and explanations in the physical therapy room and
the outpatient clinic of the rehabilitation department.
CNP patients were potentially included if they had pos-
terior neck pain with or without headache and radiating
pain for 26 months and experienced the occurrence of
pain at least once a week. Participants with no cervical
pain were potentially included if they had no posterior
neck pain or discomfort for 26 months. All subjects were
between 19 and 65 years old and were evaluated for the
Neck Disability Index (NDI). To eliminate confounding
factors, participants were excluded from this study if they
had any of following conditions: (1) a history of surgery
or trauma in the head, neck, upper trunk, and limbs; (2)
systemic peripheral neuropathy; (3) myopathy; (4) con-
genital vertebral anomalies; (5) cardiopulmonary diseas-
es including chronic obstructive pulmonary disease and
asthma; (6) obesity (body mass index [BMI] >25 kg/m?);
(7) smoking habit for >1 year; (8) autoimmune diseases;
and (9) abnormal findings on chest radiography. All pro-
cedures were approved by the Institutional Review Board
of Kwangju Christian Hospital (No. M-2018-204), and
written informed consent was obtained from the partici-
pants.

Clinical assessments

Neck Disability Index

The NDI is a 10-item questionnaire for assessing self-
rated disability in patients with neck pain. The higher
the score, the greater the severity of cervical dysfunction.
It is the most widely used and most strongly validated
instrument for assessing neck disability. In this study,
the Korean version of the NDI, which was translated into
Korean to reflect cultural differences and has shown high
reliability (intraclass correlation coefficient [ICC]=0.927,
Cronbach’s alpha=0.82), was used [11,12].

Musculoskeletal assessments

Radiographic cervical curvature

Cervical curvature was assessed according to the Cobb
angle C2-7 (angle between the horizontal line of the C2
lower endplate and the horizontal line of the C7 lower
endplate) in the radiographic lateral view [13]. The sub-
ject was instructed to sit on a chair without a backrest
and to look ahead as comfortably as possible.
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Thoracic kyphotic curvature measurement using flexi-
curve

Thoracic kyphotic curvature and thoracic sagittal
ROM,ippvip Were measured using the flexicurve instru-
ment. Flexicurve is a strip of flexible metal ruler covered
in plastic that allows measuring the curvature of the
spine. Teixeira and Carvalho [14] reported its intra-rater
reliability (ICC=0.87) in a sample of 56 healthy partici-
pants with a mean age of 66 years. The interspinous
space of L3-4 was identified at the level of the iliac crests,
and the T12 spinous process was marked by palpating
superiorly. The top of flexicurve was placed on the C7
spinous process, which is the most prominent spinous
process, and was molded along the skin above the spine
to the T12 spinous process [15]. After drawing the outline
of the molded flexicurve, we measured the distance of
the straight line (X=X,+X,) between C7 and T12 and mea-
sured the distance of the straight line (B) between X and
the apex of kyphosis. Thereafter, the kyphotic angle was
calculated using the following formula [16] (Fig. 1):

Kyphotic angle=arctan(B/X,)+arctan(B/X,).

Thoracic kyphotic curvature was measured with the

C7

T12

Fig. 1. Curves drawn through flexicurve and formula for
calculating thoracic curvature. The straight line (X) was
measured between C7 and T12 and the straight line (B)
was measured between X and apex of kyphosis. The ky-
photic angle was calculated by the formula: arctan(B/X,)
+ arctan(B/X,).
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subject seated on the chair without a backrest and in-
structed to look ahead and breathe as usual.

Respiratory strength testing and thoracic sagittal
ROM,gp.pip

To evaluate the strength of respiratory muscles, MIP
and MEP were measured using a respiratory pressure
meter (MicroRPM; Vyaire Medical Inc., Mettawa, IL, USA)
that has shown good reliability in healthy people (ICC,
0.78-0.87 for MIP; ICC 0.82-0.90 for MEP) [17]. Generally,
age-matched males present higher values than females
owing to anatomical, structural, and hormonal differ-
ences, and age has a negative relationship to the strength
of respiratory muscles [18,19]. Therefore, statistical anal-
ysis was separately performed according to sex. Thoracic
sagittal ROM,;;p. v Was measured in the following steps
and was equal to the value of (ii) minus (i). (i) Thoracic
kyphotic curvature was assessed during maximal inspira-
tory effort while the subject was holding the respiratory
pressure meter, producing the MIP (Fig. 2A). (ii) Thoracic
kyphotic curvature was assessed during maximal expira-
tory effort while the subject was holding the respiratory
pressure meter, producing the MEP (Fig. 2B). The reli-
ability of thoracic kyphotic curvature measurement by
flexicurve was evaluated in the normal group by measur-
ing again when >95% of the maximum values of MIP and

Fig. 2. Thoracic kyphotic curvature is measured by flexi-
curve. The subject is sitting on a chair without backrest.
(A) Extending back while taking maximal inspiration to
respiratory pressure meter. (B) Bending the trunk while
taking maximal expiration to respiratory pressure meter.
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MEP were shown. The intra-rater reliability between the
two trials was obtained (ICC=0.72 for MEP; ICC=0.70 for
MIP; p<0.001).

Statistical analysis

Statistical analysis was performed using IBM SPSS sta-
tistics version 20.0 (IBM, Armonk, NY, USA). The study
population consisted of three groups: (1) no cervical pain
group (NDI<4), (2) mild disability group (4<NDI<14),
and (3) moderate to severe disability group (14<NDI)
[20]. The no cervical pain group and the CNP group were
tested for normality using the Shapiro-Wilk test and com-
pared using Student t-test. The no cervical pain group,
mild CNP group, and moderate to severe CNP group

and the outpatient clinic of rehabilitation department

Recruiting by leaflets and explanation in the physical therapy room

No posterior neck pain or discomfort
for more than =6 months

were tested for normality using the Shapiro-Wilk test and
compared using one-way analysis of variance followed
by the Bonferroni test. For unequal variance, Welch t-test
was performed. The correlations between variables were
analyzed using Pearson correlation analysis. First, the
linear relationships of cervical lordotic curvature, tho-
racic kyphotic curvature, and thoracic sagittal ROMp vip
with NDI were analyzed. Additionally, the relationships
of MEP and MIP to thoracic kyphotic curvature and tho-
racic sagittal ROMy;p viip Were analyzed using regression
analysis.

Posterior neck pain with or without
headache and radiating pain for more

and NDI <4 than =6 months and NDI =5
No cer:\ilggl pain | s n=60 |« r(i\iFé
A
Poor
cooperation
n=12
NDI <14 NDI >14
) Moderate to | Fig. 3. Selection of study popula-
M'LigzN P * > severe CNP | tion. NDI, Neck Disability Index;
n=26 CNP, chronic neck pain.

Table 1. Anthropometric and respiratory parameters in male and female

All participants (n=78) Male (n=38) Female (n=40)
Age (yr) 50.88+8.44 49.84+8.49 51.87+8.38
BMI (kg/mz) 23.00+0.97 22.96+0.99 23.05+0.95
NDI 12.00£10.62 12.15+£10.62 11.85%£10.75
Cervical lordotic curvature (°) 11.76+3.50 11.67+3.77 11.85+3.27
Thoracic kyphotic curvature (°) 29.30+3.72 28.76+3.57 29.82+3.83
Thoracic kyphotic curvature at maximal expiration (°) 35.1245.49 37.86+5.07* 32.52+4.57*
Thoracic kyphotic curvature at maximal inspiration (°) 20.11+3.36 20.15+3.33 20.07+3.44
Thoracic sagittal ROMp e (°) 15.01+6.33 17.71+6.34* 12.45+5.20*
MEP (cmH,0) 109.08+£16.30 121.94+1.22% 96.87+£10.56*
MIP (cmH,0) 88.76+13.16 98.05+9.94* 79.95+9.19*

Values are presented as meantstandard deviation.

BMI, body mass index; NDI, Neck Disability Index; ROMzp.\ip range of motion between maximal expiration and in-

spiration; MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure.

*p<0.001.
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RESULTS

There were 30 suitable participants who have had no
posterior neck pain or no discomfort for 26 months
and had an NDI score of <4, which indicates full recov-
ery of pain-related disability [20]. Moreover, there were
60 potential participants who have had posterior neck
pain with or without headache and radiating pain for
>6 months and experienced the occurrence of pain at
least once a week and had an NDI score of >5. For the
potential CNP group, 12 participants were inadequate
because they did not properly cooperate. The CNP group
(n=48) was further classified into the mild group (n=22,
4<NDI<14) and the moderate to severe group (n=26,
14<NDI) according to the NDI score of 14, which indi-
cates moderate to severe levels of pain-related disability
[20] (Fig. 3).

The participants had a mean age of 50.8848.44 years,
with an average BMI of 23.00+0.97 kg/m® NDI of
12.00+10.62, cervical lordotic curvature of 11.76°+3.50°,
thoracic kyphotic curvature of 29.30°+3.72°, thoracic ky-
photic curvature at maximal expiration of 35.12°%£5.49°,
thoracic kyphotic curvature at maximal inspiration of
20.11°43.36°, thoracic sagittal ROMp e Of 15.01°16.33°,
MEP of 109.08+16.30 cmH,0, and MIP of 88.76+13.16
cmH,0. The demographics presented significant differ-
ences with respect to thoracic sagittal ROMzp iy MIP,
and MEP between men and women (Table 1). Therefore,
statistical data were divided by sex.

In males, thoracic sagittal ROM,zp.\» and MEP showed
a significant difference between the no cervical pain
group and the CNP group. In females, thoracic kyphotic
curvature, thoracic sagittal ROM gp iy MIP, and MEP
were significantly different between the CNP group and
the no cervical pain group (Table 2).

Thoracic sagittal ROM,p \p Was significantly different
between the no cervical pain group and the mild group,
and between the no cervical pain group and the moder-
ate to severe group in males. Moreover, the mean differ-
ence in MEP between the no cervical pain group and the
moderate to severe group was 10.47 cmH,0 (p=0.021).
In females, thoracic kyphotic curvature, thoracic sagit-
tal ROM o vy MIP, and MEP were significantly different
between the no cervical pain group and the moderate to
severe group. Further, thoracic kyphotic curvature and
thoracic sagittal ROM,;;p \ip Were significantly different
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Table 2. Anthropometric and respiratory parameters in no cervical pain group and CNP group

=40)

Female (n

p-value No cervical

=38)

Male (n

No cervical

All

participants

p-value

CNP

(n
52.88+9.43

CNP

(n
51.13+5.64

23.03+1.01

=25)

15)

50.20+6.22

pain (n

=23)

15)

47.87+11.58
22.86x1.01

pain (n

(n=78)
50.88+8.44

Age (yr)

23.04+1.00

23.08+0.91

23.00+0.97

BMI (kg/m?)

NDI

18.28+8.51

1.13+1.06
12.50+1.78

18.74+8.59
11.80+3.65
29.08+2.52

2.07+1.44
11.46%4.15
28.26+4.83

12.00+10.62
11.76+3.50
29.30+3.72

0.253

11.45+3.88
31.40+3.68
30.12+4.04
20.88+3.40

0.791

Cervical lordotic curvature (°)

0.000*
0.000*
0.053

27.20+2.42
36.53+1.64

0.552
0.001

Thoracic kyphotic curvature (°)

35.65+4.04
20.73+2.78

41.26+4.68
19.26+3.97
22.00+7.88

35.12+5.49

Thoracic kyphotic curvature at maximal inspiration (°) 20.11+3.36

Thoracic sagittal ROM,zp i (°)

Thoracic kyphotic curvature at maximal expiration (°)
MEP (cmH,0)

18.73£3.17

0.224

0.000*
0.000*
0.002

9.24+2.29
92.44+9.52

17.80+4.17
104.26+7.85

0.000*

14.91+2.74
119.21+6.57

15.01+6.33

76.40+£7.76

0.04
97.04+7.30 0.44 85.86+8.49

99.60+13.60

109.08+16.30 126.13+13.08

88.76x13.16

MIP (cmH,0)

Values are presented as meantstandard deviation.

CNP, chronic neck pain; BMI, body mass index; NDI, neck disability index; ROM .\ Tange of motion between maximal expiration and inspiration;

MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure.

*p<0.001.
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between the no cervical pain and the mild group (Table
3).

Thoracic kyphotic curvature was significantly correlat-
ed with NDI, MEP, and MIP in all participants. Similarly,
thoracic sagittal ROM,;p.\p Was also significantly corre-
lated with NDI, MEP, and MIP in all participants (Tables 4,
5).

There was no significant linear relationship between
NDI and cervical lordotic curvature. However, there
was a significant linear relationship between NDI and
thoracic kyphotic curvature in females, and there was a
significant linear relationship between NDI and thoracic
sagittal ROM,p v in both males and females (Table 4).

Thoracic kyphotic curvature and thoracic sagittal
ROM,p.vip had a significant linear relationship with MEP
and MIP in both sexes. According to multiple regression
analysis, thoracic sagittal ROM,gp.\» Was @ more power-
ful factor with respect to MIP and MEP than thoracic ky-
photic curvature (Table 5).

DISCUSSION

During respiratory movement, the lower rib moves like
a bucket handle and the upper rib moves like a pump
handle, whereas the rib angle can also change depending
on the vertebral angle [21,22]. When thoracic extension
occurs, the facet of the rib in the costotransverse joint un-
dergoes inferior gliding and posterior rolling on the facet
of the transverse process of the vertebra following the
posterior rotation of the rib [23]. When the rib angle in
the vertical plane is increased by decreasing the kyphotic
vertebral segmental angle, the rib cage expands [21]. In
contrast, when thoracic flexion occurs, the rib rotates an-
teriorly and chest contraction occurs [23]. In the high ef-
fort of inspiration, the diaphragm, external intercostalis,
and sternomastoid act as actuators of the mobile rib cage
and the external intercostalis accounts for a higher pro-
portion of the respiratory force than the sternomastoid
and diaphragm [21]. In high-effort expiration, the ab-
dominal muscles act as actuators of the mobile rib cage
and the distribution of expiratory strength is relatively
even among the 4 abdominal muscles [21]. According
to the length-tension relationship, to produce the MIP
and MEP, isometric contraction of respiratory muscles
is required and should occur at the optimal length of the
muscles [24,25]. It is also necessary to maintain a specific

angular position to generate the highest force for joint
movement [26]. Therefore, it is hypothesized that the
subject will take thoracic extension and flexion as opti-
mal postures when MIP and MEP are produced, respec-
tively. To the best of our knowledge, the thoracic mobility
for maximal respiratory pressure was first measured in
this study. Because ROM is a better concept than curva-
ture for evaluating mobility, it was used for measuring
mobility during maximal respiration, which was defined
as the difference of the thoracic kyphotic curvature when
the MIP and MEP were obtained. Thoracic flexion and
extension were accomplished when the maximal respi-
ratory pressures were obtained, and the mean value of
the thoracic sagittal ROMpp vp Was 19.90° in the normal
group in this study. Morita et al. [7] investigated thoracic
sagittal ROM using computed tomography scanning and
measurements of Cobb’s angle of thoracic kyphosis. Al-
though the thoracic spine is considered a stable region,
the total thoracic sagittal ROM when the spine was fully
flexed and extended was 31.7° [7].

Respiration is a complex function involving the strict
and absolute cooperation of the muscular, skeletal, and
nervous systems [27]. In CNP patients, cervical instabil-
ity, impairment of neck proprioception, neck muscle
weakness, and imbalance affect the mobility and align-
ment of the thoracic spine and induce scapular dys-
kinesis [5,20,27-30]. Further, thoracic mobility can be
impaired owing to avoidance behavior such as kinesio-
phobia, which is correlated with neck pain [31,32]. In
terms of the force-length curve relationship, poor cervi-
cal muscle control and restricted cervical mobility result
in adapted contraction patterns and mechanical adjust-
ments of respiratory muscles [24,27]. Thereby, changes
in the cervicothoracic local and global muscle systems
affect the biomechanics of the rib cage and potentially
change the respiratory function [5].

Body position influences the respiratory strength; how-
ever, the optimal position varies among studies. MIP is
higher in the upright position than in the slouched posi-
tion, and lower in the head-down-tilt position than in the
standing, sitting, lying, and supine positions [32,33]. MIP
and MEP are higher in the sitting position than in the su-
pine and 45° semi-upright positions [32]. Previous stud-
ies measured respiratory strength with the trunk fixed
to a specific posture, which, in turn, limited the thoracic
mobility and made the role of the diaphragm more prom-
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inent [33-35]. In this study, we measured posture when
the respiratory strength was at the maximum, rather than
measuring respiratory strength according to posture;
thus, there is a limitation in comparing our results with
those of previous studies.

The thoracic kyphotic curvature at MEP was 35.12°+5.49°
and the thoracic kyphotic curvature at MIP was
20.11°+3.36°. There was a significant difference in thoracic
kyphotic curvature at MEP but not at MIP between the
no cervical pain group and the CNP group in both sexes,
which implies that the thoracic kyphotic curvature at
MEP mainly contributes to the thoracic sagittal ROM,p.
wvi- We presumed that, for maximal action of the external
intercostalis and abdominal muscles, which are the main
actuators of high-effort inspiration and expiration, a high
degree of trunk extension was not necessarily required by
the external intercostalis, whereas a high degree of trunk
flexion was demanded by the abdominal muscles [21].

It is known that the relationship between the mean
value of the lordotic curve and the cervicogenic symptom
is not consistent [36,37]. In a previous study, no associa-
tion between the sagittal alignment of the cervical spine
and neck pain was found, and there was no relationship
between curvature and any index of cervical pain and
disability in the group with neck pain [37]. In this study,
cervical lordotic curvature was not significantly corre-
lated with MIP, MEP, or NDI but thoracic sagittal ROM,p.
wip Was significantly correlated (Tables 4, 5). Because
functional aspects of the cervical spine, such as ROM
and strength, were not evaluated, only the thoracic spine
seemed to be correlated with MIP, MEP, and NDI.

It was necessary to evaluate whether a subject would
take the same posture when the same respiratory muscle
strength is shown. In respiratory strength measurement,
the slouched sitting position was reported to have a lower
sniff nasal inspiratory pressure than the upright sitting
position, with alteration of the body position reducing
the diaphragm tension and movement [33]. Biomechani-
cally, the strength that can be generated in a given mo-
tion depends on body posture (joint angles) and there are
angular positions at which the maximal values of forces
can be achieved for each joint movement [26]. This study
assumed that the subject would take the same position
(sitting upright on a chair without a backrest) when they
show the same maximum forces. When the subjects be-
came accustomed to measurement of MIP and MEP after
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several trials and were able to generate the maximum
values of their MIP and MEP, the thoracic kyphotic cur-
vature tended to be consistent. The thoracic kyphotic
curvature measured using flexicurve had a moderate, but
not excellent, reliability in this study, and its range was
limited to the no cervical pain group.

Other methods can be used for measuring the thoracic
kyphotic curvature, such as inclinometer or fluoroscopy
measurements. We attempted to measure Cobb’s angle
with video fluoroscopy; however, unless the subjects
were positioned exactly on the sagittal plane of the radio-
graphic device, there were large errors in eliciting Cobb’s
angle. The use of an inclinometer for thoracic ROM mea-
surement has been well studied. However, it was difficult
to keep the inclinometer perpendicular to the surface of
the spinous process and to keep the position constant
while breathing. Furthermore, it takes a long time for
the pointer to move and be stabilized by gravity. The
angle measured by flexicurve is generally less than that
measured by the inclinometer [16]. Therefore, there are
limitations in comparing our results with those of other
studies that measured the thoracic kyphotic curvature.

The definition of neck pain was ambiguous and depen-
dent only on NDI, which assesses disability. The char-
acteristic of neck pain was only described as posterior
neck pain with or without headache and radiating pain.
Therefore, this study was unable to distinguish the type
of pain, such as radicular pain, myofascial pain, or facet
pain.

In conclusion, the thoracic mobility during forced res-
piration was reduced in CNP patients and was correlated
with respiratory strength. Changes in the biomechanics
of the cervicothoracic spine and rib cage due to CNP may
contribute to impairment of respiratory strength.
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