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Background: Neck pain is associated with computer work, poor posture, imbalanced neck muscles, and fatigue, particularly
in office workers. This study from a single center aimed to compare the effects of thoracic spine mobility exer-
cise and thoracic spine manipulation to improve cervical spine range of motion in 26 office workers who had
chronic neck pain for more than 12 weeks.

Material/Methods: The participants were 26 office workers with neck pain lasting >12 weeks. These participants were randomly
assigned to undergo TSME (n=13) or TSM (n=13). Both groups underwent cervical joint mobilization and deep
cervical flexor muscle exercises for 25 min a day, twice weekly, for 6 weeks. The TSME group additionally per-
formed TSME 15 min a day, twice a week, for 6 weeks, while the TSM group received TSM 2 times a day, twice
a week, for 6 weeks. Cervical and thoracic spine ROM, numeric pain rating scale (NPRS), and neck disability
index (NDI) were measured before and after interventions. The ROM of cervical and thoracic spine was mea-
sured using a dual inclinometer.

Results: Both groups showed significant changes in cervical spine ROM, thoracic spine ROM, NPRS, and NDI after in-
tervention compared to before intervention (P<0.05). Cervical spine right lateral flexion and right rotation dif-
fered significantly between the groups (P<0.05), while thoracic spine ROM, NPRS, and NDI did not.

Conclusions: TSME and TSM have similar effects in improving pain and disability in office workers with non-specific chron-
ic neck pain.
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Background

Neck pain is a common symptom experienced by approximate-
ly 67% of the population at least once in their lifetime [1] and
is associated with computer work, poor posture, imbalanced
neck muscles, and fatigue [2-5]. In particular, office work-
ers maintain their necks and upper bodies in a static posture
while using computers; the simultaneous use of a keyboard
and mouse, which require dynamic movements, leads to in-
correct postures for prolonged periods [6]. Among incorrect
postures that cause neck pain, forward head posture, which
is mainly observed in office workers, is characterized by ex-
cessive extension of the upper cervical spine, excessive flexion
of the lower cervical spine, increased thoracic kyphosis, and
increased load on the cervical spine muscles and joints from
the limited movement of the cervical and thoracic spine [7,8].

The cervical and thoracic spine have a biomechanical relationship.
The thoracic spine supports and affects the kinematics of the cer-
vical spine through the cervical-thoracic junction [9]. Impairment
of thoracic and cervical spine mobility is a key characteristic of
neck pain, and movement of the cervical spine is related to tho-
racic spine mobility and posture [9]. Somatic dysfunctions such
as limited mobility and postural imbalance of the thoracic spine
can cause chronic neck pain [10]. Chronic neck pain is pain that
usually lasts more than 12 weeks. Falla et al investigated the
range of motion (ROM) of thoracic spine rotation during walk-
ing in subjects with and without neck pain. Subjects with neck
pain showed lower ROM of rotational motion of the thoracic
spine compared to subjects without neck pain [11]. Moreover, in
their study on the correlation between sagittal thoracic mobili-
ty and neck pain, Kaya and Celenay reported that thoracic spine
mobility was negatively correlated with neck pain severity [12].

Restricted thoracic spine mobility is one cause of neck pain [9].
Manual therapy such as thoracic spine manipulation (TSM) or
mobilization to increase thoracic spine mobility significantly
improves cervical spine ROM, pain, and dysfunction in individ-
uals with neck pain [13,14]. Recent studies on active thorac-
ic spine mobility exercise (TSME) for neck pain relief showed
that active exercise therapy programs such as TSME and self-
exercise effectively improved cervical spine ROM, thoracic
spine ROM, pain, thoracic spine dysfunction, and psycholog-
ical and social characteristics in patients with neck pain [15].

Active therapeutic interventions are more effective than pas-
sive therapeutic interventions for the treatment of patients
with neck pain [16]. In addition, among the various interven-
tions for chronic neck pain, therapeutic exercises and muscu-
lar reeducation are known to be effective [17]. Despite var-
ious studies on the effects of therapeutic exercise for neck
pain, high-quality evidence on exercise therapy for neck pain
is still lacking [18].
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Most studies comparing interventions for neck pain only com-
pared passive therapies such as TSM and mobilization or addi-
tionally conducted TSME to treat neck pain. Few studies have
compared the effects of passive thoracic spine correction and
active TSME in office workers with neck pain. Therefore, this
study from a single center aimed to compare the effects of
TSME and TSM to improve cervical and thoracic spine ROM,
pain, and neck dysfunction in 26 office workers who had chron-
ic neck pain for more than 12 weeks. The hypothesis of this
study is that the effects of TSME and TSM on the pain inten-
sity and neck disability level of office workers with non-spe-
cific chronic neck pain will be different.

Material and Methods

The study purpose and content were fully explained to the par-
ticipants. The participants understood the purpose of the study
and voluntarily provided written consent for participation. The
participants were also informed that they could withdraw their
intent to participate in the study at any time during the study.
This study was approved by the Institutional Review Board
(IRB) of Sahmyook University (2-1040781-A-N-012021104HR).

Subjects

The participants of this study were 28 adult men and wom-
en who worked in offices at Company S in Seoul and had had
chronic neck pain for >12 weeks, and all subjects were diag-
nosed with non-specific neck pain by a physician. The specif-
ic selection criteria of the participants were as follows: office
workers engaged in program development and design, gener-
al affairs, human resources, accounting, sales, and planning;
with neck pain lasting >12 weeks; and with a NPRS of >3. The
exclusion criteria were office workers with spine diseases such
as congenital deformities, spinal disc herniation, and stenosis,
orthopedic diseases of the shoulder, neurological symptoms,
and traffic accidents within the last 12 weeks, pregnancy, and
increased neck pain during the study.

An announcement was made in the company to recruit 28 of-
fice workers with chronic neck pain. Two participants with or-
thopedic shoulder disease were excluded; thus, the final anal-
yses included 26 participants.

Procedure

This study featured a randomized controlled clinical study de-
sign. A total of 26 non-specific chronic neck pain patients were
recruited for this study. After assessment of general charac-
teristics such as age, height, weight, and pain intensity, the
baseline assessment was conducted. The cervical and thorac-
ic spine ROMs and neck disability index (NDI) were evaluated.
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Assessed for eligibility

Figure 1. Research procedure.
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Analysed (n=13) Analysed (n=13)

Thoracic and cervical spine ROMs were measured using a dig-
ital inclinometer and goniometer. The NDI was assessed us-
ing a questionnaire. After baseline assessment, 26 participants
were randomly assigned to TSME or TSM group with 13 par-
ticipants in a 1: 1 ratio. For random group assignment of par-
ticipants, the envelope-opening method was used.

The TSME group performed TSME for 10 min a day, twice
weekly, for 6 weeks. The TSM group performed TSM up to
twice a day, twice a week, for 6 weeks. Both groups under-
went cervical joint mobilization and cervical spine deep flexor
muscle exercises for 25 min a day, twice weekly, for 6 weeks.
Additionally, both groups conducted the same home exercise
program consisting of cervical spine isometric exercise for 15
min a day, twice weekly, for 6 weeks. No participant dropped
out during the study. After 6 weeks of intervention, post-inter-
vention evaluations were conducted in the same way as the
baseline assessment (Figure 1).

Thoracic Spine Mobility Exercises

The TSME was developed based on the exercise described by
Henegahn et al [19]. The exercise consisted of movements in
all directions of thoracic spine flexion, extension, lateral flex-
ion, and rotation. In the thoracic spine extension exercise,
both hands were locked behind the wrists and the back was
placed on a foam roller with the feet positioned flat on the
floor. The knee was maintained at 90° to perform the exten-
sion exercise on the foam roller (Figure 2A). Additionally, the

hands were locked with the elbow on a chair. After kneeling,
the hip was moved toward the heels to extend the thoracic
spine (Figure 2B) [19]. In the thoracic spine flexion exercise,
the thoracic spine was flexed by moving backward until the
hip touched the heels in a quadruped position (Figure 2C).

This rotation exercise was conducted with participants lying on
their sides. The elbows were straight and the palms were held
together. The leg facing the ceiling was bent to the level of the
stomach. Then, the arm facing the ceiling was moved backward
in a large arc to rotate the thoracic spine (Figure 2D). Another
thoracic spine rotation exercise was conducted as follows in a
kneeling position, the hip touched the heels; the hand in the
direction of rotation was placed behind the neck and the el-
bow of the opposite arm was placed on the floor; then, the
torso was slowly rotated toward the ceiling (Figure 2E); for lat-
eral flexion of the thoracic spine, both hands were locked be-
hind the neck with the participant seated on a chair and the
torso was then flexed laterally (Figure 2F).

Thoracic Spine Manipulation

The TSM included the distraction technique and upper mid-tho-
racic spine manipulation in the supine position, as described
by Cleland et al [20].

First, in the distraction treatment, the hands were locked and
placed around the neck. The mediator behind the participant
held the wrists and fixed the sternum below the target area
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Figure 2. (A) Thoracic extension with foam roller. (B) Thoracic
extension with chair. (C) Thoracic flexion in quadruped
position. (D) Thoracic rotation in side lying. (E) Thoracic
rotation in a kneeling position. (F) Thoracic lateral
flexion in sitting position.

of the participant. Then, the wrists were pulled by the medi-
ator to distract the thoracic spine. At the end of the partici-
pant’s thoracic spine, distraction was conducted at high speed
in the upper rotation direction.

Second, the upper thoracic spine (T1-T4) was manipulated in
the supine position. The participants locked their hands behind
their necks in the supine position. The mediator then fixed the
main hand on the segment (T4) below the corrected segment
(T3); the other hand was used to grab and fix the elbow of the
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participant. Then, the weight of the mediator’s body was moved
in the direction of the participant’s arm. At the end of the tho-
racic spine, high-speed, low-amplitude movements were per-
formed in the direction of the participant’s arm for correction.

Third, the mid-thoracic spine (T5-8) was manipulated as follows.
In the supine position, the participant’s hands were locked behind
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their neck. The mediator fixed the main hand on the segment
(T6) below the corrected segment (T5); the other hand was used
to grab and fix the participant’s elbow. Then, the weight of the
mediator’s body was moved in the direction of the participant’s
arm. At the end of the thoracic spine, high-speed, low-amplitude
movements were performed in the direction of the participant’s
arm for correction. If a popping sound was not heard immediate-
ly after correction, the procedures were repeated up to 2 times.

Cervical Joint Mobilization

Cervical joint mobilization was performed using anterior and
lateral glide of the cervical spinous processes, as described by
Edmond [21]. For anterior glide using the cervical spinous pro-
cesses, the participant was placed in supine position. The medi-
ator was positioned near the participant’s head and placed the
thumb of the main hand on top of the thumb of the supporting
hand, which was placed over the painful and low-mobility spinous
process to glide the spinous process in an anterior direction. The
lateral glide using the cervical spinous processes was conducted
in the same manner but in a different direction and hand posi-
tion. The thumb of the supporting hand was fixed at the lateral
spinous process in the direction of glide, while the thumb of the
main hand was placed on the lateral spinous process in the op-
posite direction for gliding. Cervical joint mobilization was applied
to the segments with the most severe pain and limited move-
ment. Joint mobilization of levels 1-3 was applied according to
the pain pattern and movement restriction of the participants.

Deep Cervical Flexor Muscle Exercises

The cervical stabilization exercises included the deep cervical
flexor muscle activation exercise described by Chiu and the cer-
vical isometric exercise described by Chung and Jeong [22,23].
The deep cervical muscle activation exercise was conducted by
placing a stabilizer pressure biofeedback device (Chattanooga,
USA) on the occiput to create a neutral position of the cervi-
cal spine in the supine position. Each participant was then in-
structed to touch the roof of the mouth with their tongue. The
stabilizer pressure biofeedback device was then placed behind
the neck at 20 mm Hg. The mediator asked the participant to
slowly nod their head to gradually increase and maintain the
pressure at 30 mmHg for 10 s. After practicing, a 15-s break
was provided, followed by 15 min of cervical deep muscle ac-
tivation exercise. The exercise was paused when muscle fa-
tigue was felt or the muscle did not contract.

The cervical isometric exercises were performed at home and
comprised 6 movements: cervical spine flexion, extension, right
lateral flexion, left lateral flexion, right rotation, and left rota-
tion. The movement of the neck was resisted with the hand
at 30% of the maximum neck strength. The hand was pushed
to contract the neck muscles. A hand was used to prevent
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changes in the joint angle of the cervical spine. The cervical
spine muscle was contracted for 10 s. A total of 10 sets of
contraction for 10 s and rest for 15 s was conducted for each
of the 6 exercises.

Cervical Spine ROM

A digital dual inclinometer (J-TECH Medical Dualer 1Q Pro
Manual; J-TECH Medical, USA) and a goniometer (Shindongbang
Medical, Korea) were used to measure the cervical spine ROM.
With the participant in a neutral standing position, the digital
dual inclinometer was placed on the first thoracic spine and
skull to set to zero. Then, the participant was asked to flex the
neck to measure the cervical flexion ROM. To measure the cer-
vical extension ROM, the digital dual inclinometer was placed
on the first thoracic spine and skull of the participant to set
to zero in a neutral standing position. The neck was then ex-
tended for measurements. In a neutral standing position, the
digital dual inclinometer was placed on the first thoracic spine
and skull of the participant to set to zero. After lateral flexion
of the neck, the cervical lateral flexion ROM was measured
with the participant in a neutral sitting position. The goniom-
eter was placed on the skull and the cervical spine was rotat-
ed to measure the ROM of the nose. The measurements were
made twice, with the average value used for the final analysis.

Thoracic Spine ROM

A digital dual inclinometer (J-TECH Medical Dualer 1Q Pro
Manual; Jech Medical, USA) was used to measure the thorac-
ic spine ROM. With the participant in a neutral standing posi-
tion, the digital dual inclinometer was placed on the 12t and
15t thoracic spine, and the zero was set. The thoracic spine was
flexed to measure the ROM. Similarly, to measure the thoracic
spine extension ROM, the digital dual inclinometer was placed
on the 12 and 1% thoracic spine in a neutral standing posi-
tion, and the zero was set. The thoracic spine was extended
to measure the ROM. The measurements were made twice,
with the average value used for the final analysis.

Numeric Pain Rating Scale

The NPRS was used to measure pain intensity. The NPRS has
sufficient discrimination power to explain the intensity of pain
[24]. The scale evaluates the intensity of pain using numbers or
words through several types of scales listed from 0 to 10. The
pain rating ranges from 0 (no pain), 1-3 (mild pain, slight irri-
tation or discomfort, slight impairment in daily life activities),
4-6 (moderate pain, ample impairment in daily life activities),
and 7-10 (severe pain, inability to perform daily life activities).
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Table 1. General characteristics of study subjects.

TSME (n=13)

Age (years) 35.15+5.60
Heightm)  1eBe9t73s
Cweghtk 6453799
PR (o) asaz1ss
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TSM (n=13) t(p)

36.39+5.17 -0.275 (0.673)
 leoasseol 0587079
”””””””” 66461869 058200810
””””””””” 4924150 0689049

TSME — thoracic spine mobility exercises; TSM — thoracic spine manipulation; NPRS — numeric pain rating scale.

Neck Disability Index

The NDI questionnaire was applied to determine the severity of
the neck disability according to the pain. The NDI evaluates 10
domains: pain intensity, personal care (eg, washing, dressing),
lifting objects, reading, headache, concentration, working, driv-
ing, sleeping, and leisure activities. Each item is scored from 0
points for no pain or no dysfunction to 5 points for intolerable
pain or complete dysfunction. The questionnaire is self-report-
ed, with the total score ranging from 0 to 50 points. A high-
er score indicated a more severe disability. The Cronbach’s al-
pha, indicating the reliability of the tool, was 0.82.

Statistical Analysis

IBM SPSS Statistics for Windows, version 21.0 was used to
perform the statistical analyses in this study. Means and stan-
dard deviations were calculated. Shapiro-Wilk normality tests
were used to confirm the normal distribution of the participant
data. Descriptive statistics were used to calculate the means
and standard deviations of the general participant characteris-
tics. Independent-sample t tests were performed to determine
the statistical significance of the differences between groups.
Paired-sample t tests were performed for comparisons of in-
tra-group differences in treatment techniques. P<.05 was con-
sidered statistically significant.

Results

The general characteristics of the TSME and TSM groups were
homogeneous. The mean ages of these groups were 35.15+5.60
and 36.39+5.17 years, respectively, and did not differ signifi-
cantly between the 2 groups. The mean height was 168.69+7.34
cm in the TSME group and 169.45+6.91 cm in the TSM group.
The mean weights were 64.53+7.99 kg and 66.46+8.69 kg in
the TSME and TSM groups, respectively. The mean heights and
weights did not differ significantly between the 2 groups. The
NPRS scores were 4.54+1.35 points in the TSME group and
4.92+1.5 points in the TSM group, with no significant differ-
ence between the 2 groups (Table 1).
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In both groups, all cervical spine ROM, including flexion, ex-
tension, right lateral flexion, left lateral flexion, right rotation,
and left rotation, differed significantly after the intervention
compared to before the intervention (P<0.05). The pre-post
values of cervical right lateral flexion in TSME group were
14.35+2.25, which was significantly different from 6.73+3.62
in TSM group (P<0.05). The pre-post values of cervical right
rotation in TSME group were 14.73+7.08, which was signifi-
cantly different from 6.88+7.7.3 in TSM group (P<0.05). No
other differences in other cervical spine ROM were observed
between the groups (Table 2).

Both TSME and TSM groups showed significant changes in tho-
racic flexion and extension ROM post-intervention compared
to before the intervention (P<0.05). However, inter-group com-
parisons showed no significant differences in thoracic flexion
and extension between the 2 groups (Table 3).

The NPRS score was significantly reduced after the interven-
tion compared to before the intervention in both the TSME
and TSM groups (P<0.05). The NPRS scores did not differ sig-
nificantly between the 2 groups. Both groups showed signif-
icantly reduced NDI post-intervention scores compared to
pre-intervention scores (P<0.05). The NDI score did not differ
significantly between the 2 groups (Table 4).

Discussion

This study assessed and compared the effects of TSME and
TSM on cervical and thoracic spine ROM, pain, and neck dys-
function. In this study, both TSME and TSM significantly im-
proved all cervical spine ROM. Right lateral flexion and right
rotation post-intervention also changed significantly between
the groups. Although extension and flexion of the thoracic
spine improved significantly post-intervention in both TSME
and TSM groups, no other significant differences were ob-
served between the groups.

The cervical and thoracic spine have a biomechanical relation-
ship and structural interdependence. Changes in the thoracic
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Table 2. Comparison of cervical ROM within groups and between groups.

TSME (n=13) TSM (n=13) t(p)
Pre 36.08+4.83 33.92+7.50 0.942 (0.355)
Post 44.14+3.09 42.65+4.67
Flexion (0) oo R - -~~~ -~~~ R
Pre-post 8.07+5.35 8.73+6.44 -0.285 (0.778)
t(p) -5.442 (0.000) -4.887 (0.000)
Pre 48.27+9.63 54.92+8.77 -1.843 (0.078)
Post 60.50+7.32 63.77+7.23
EXtension (0) e R - -
Pre-post 12.23+12.43 8.84+6.02 0.883 (0.386)
t(p) -3.547 (0.004) -5.299 (0.000)
Pre 27.8143.65 33.27+4.08 -3.597 (0.001)
Post 42.15+3.50 40.00+3.78
Right lateral flexion (0]  -orrmmeeeeemmeeeee oo S -~~~ oo oo R
Pre-post 14.35+2.25 6.73+3.615 6.449 (0.000)
t(p) -23.000 (0.000) -6.7134 (0.000)
Pre 27.42+4.74 31.62+6.13 -1.949 (0.063)
Post 35.92+4.98 37.69+3.80
Left lateral flexion (%) -om-m-mmmm--ooomooo- - R -~~~ -~~~ R
Pre-post 8.50+3.23 6.08+5.57 1.357 (0.187)
t(p) -9.495 (0.000) -3.933 (0.002)
Pre 71.65+6.36 76.85+9.64 -1.621 (0.118)
Post 86.39+4.09 83.73+4.61
RIght rotation (0) oo R -~~~ <<~~~ oo R
Pre-post 14.73+7.08 6.88+7.73 2.69 (0.013)
t(p) -7.500 (0.000) -3.212 (0.007)
Pre 66.92+8.26 73.46+7.04 -2.172 (0.040)
Post 83.62+5.68 85.31+3.64
Left rotation (0) coorreoeooooooooooe oo R -~~~ -~~~ R
Pre-post 16.69+8.24 11.85+7.73 1.547 (0.135)
t(p) -7.306 (0.000) -5.529 (0.000)

TSME — thoracic spine mobility exercises; TSM — thoracic spine manipulation.

Table 3. Comparison of thoracic ROM within groups and between groups.

TSME (n=13) TSM (n=13) t(p)
Pre 22.35+6.21 23.35+4.63 -0.466 (0.646)
Post 33.00+5.31 35.00+6.71
Flexion (0) roomrrmmmmeermoooo oo R - -~~~ == ~<<=====-ooooo oo R
Pre-post 10.65+5.71 11.65+8.34 -0.357 (0.724)
t(p) -6.723 (0.000) -5.038 (0.000)
Pre 17.96+5.30 19.77+5.80 -0.829 (0.415)
Post 26.58+5.17 25.12+6.38
Extension (7)) coooosemeeeeeooooooo--oooo- R -~ ~~~~~~~~~~~~=~== ===
Pre-post 8.61+4.10 5.35+5.44 1.729 (0.097)
t(p) -7.570 (0.000) -3.541 (0.004)

TSME — thoracic spine mobility exercises; TSM — thoracic spine manipulation.
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Table 4. Comparison of pain and disability within groups and between groups.

TSME (n=13)
Pre 4.54+1.35
Post 1.77+1.24
NPRS (SCOre) oo
Pre-post =227 1135
t(p) 7.407(0.000)
Pre 12.00+4.74
Post 5.00+3.34
NDI (score)  -------=====-=-==-==----
Pre-post -7.00+3.37
t(p) 7.497(0.000)

TSM (n=13) t(p)
4.92+1.50 -0.689 (0.498)
””””””””””” 2548171
””””””””””” 2384198 -0579(0568)
- azmE00)
13231567 0600(0554)
””””””””””” 638:287
””””””””””” 685576 -0083(0934)
~ a88000)

TSME — thoracic spine mobility exercises; TSM — thoracic spine manipulation; NPRS — numeric pain rating scale; NDI — neck disability

index.

spine affect cervical spine function, and thoracic spine dysfunc-
tion is commonly observed in individuals with neck pain [25].
Thoracic spine dysfunction, such as decreased mobility of the
upper thoracic spine, causes pain in the muscles around the
cervical spine and leads to cervical dysfunction [9]. Erdem et al
reported that correction of Cyriax’s thoracic extension improved
spinal alignment in patients with mechanical neck pain and in-
creased the cervical flexion and rotation range through relax-
ation and pain reduction of the muscles around the spine [25].
Heggannavar and Battula compared the immediate effects of
cross-upper TSM and thoracic spine distraction in adults with
mechanical neck pain, reporting significantly increased cervi-
cal spine ROM after both interventions [26].

TSM changes the biomechanical movement of the cervical-
thoracic junction to reduce tension of the muscles around
the cervical spine, thereby improving cervical spine pain and
ROM [27,28] in their study on the immediate effects of tho-
racic spine self-mobility exercise in patients with neck pain. In
the present study, all joint ROMs of the cervical and thoracic
spine were significantly increased in both groups post-inter-
vention, consistent with previous findings. Therefore, the cer-
vical mobilization and stabilization exercises applied in this
study, as well as additional TSME and TSM, improved thorac-
ic spine mobility in patients with chronic neck pain.

In the present study, we observed significant differences in
the right lateral flexion and right rotation ROM of the cervical
spine between the 2 groups. However, the right lateral flex-
ion and rotation in both groups recovered to the normal an-
gles of 40° and 80°, respectively. Although there were signifi-
cant differences in the right lateral flexion and rotation of the
cervical spine between the 2 groups, the restoration of nor-
mal ROM in both groups suggested no significant difference in
the effects of the 2 treatment interventions. The experimental
and control groups for cervical spine ROM and cervical flexion

and extension showed small effect sizes of 0.1 and 0.35, re-
spectively. However, the effect sizes of right lateral flexion, left
lateral flexion, right rotation, and left rotation were 2.5, 0.5,
1.1, and 0.61, respectively, showing medium or greater effect
sizes. Moreover, thoracic flexion showed a small effect size of
0.1 while thoracic extension showed a medium effect size of
0.6. These findings suggested that TSME combined with cervi-
cal spine mobilization and stabilization exercises may be more
effective for cervical lateral flexion and rotation and thoracic
extension ROM than TSM combined with cervical spine mobi-
lization and stabilization exercises.

This study compared the effects of TSME and TSM on NPRS.
Both groups showed significantly improved NPRS scores
post-intervention, with no significant difference between the
2 groups. Park et al reported that sling thoracic active exer-
cise relieved the pressure between the neck joints in women
with neck pain and improved muscle fiber tension caused by
chronic pain, thereby reducing activity and pain in the muscles
around the cervical spine [29]. Although the effect of thoracic
spine manipulation on neck pain has not been elucidated in
detail, a systematic study found that thoracic spine manipula-
tion can also be effective in improving pain and function [30].
Yang et al reported that upper TSM stimulated mechanore-
ceptors in the muscles, joints, and joint capsules of patients
with neck pain to improve the transmitter response of the cen-
tral nervous system and restore proprioception [31]. Thoracic
manipulation improved information transmission of the cen-
tral nervous system by mechanically stimulating the joint cap-
sule, which resulted in increased ROM and reduced pain in
the spine. In the present study, the NPRS scores were signifi-
cantly decreased in both groups post-intervention compared
to pre-intervention. These findings are consistent with those
of previous studies in which TSME and TSM had positive ef-
fects on pain in patients with neck pain. However, the NPRS
scores did not differ significantly between the 2 groups. This
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may be because the TSME and TSM had similar effects on
thoracic spine ROM, which subsequently had comparable ef-
fects on neck pain. The effect size on neck pain improvement
was 0.23, suggesting similar effects between TSME and TSM.

A score of 4 points on the NPRS determines the need for ad-
ditional treatment, medication, or intervention for pain re-
lief [32]. In the present study, both groups showed decreases
to NPRS scores of 3 points or less after the intervention, indi-
cating that neither group required additional treatment, medi-
cation, or interventions. These results suggested the beneficial
effects of TSME and TSM on neck pain relief in office workers.

Although neck dysfunction changed significantly post-inter-
vention in both groups in this study, we observed no signifi-
cant difference between the groups. Thoracic spine mobility
plays an important role in cervical spine dysfunction. In pa-
tients with chronic neck pain, dysfunctions such as decreased
mobility of the thoracic spine and cage lead to increased pain
of the cervical spine and altered movement [10]. Perveen et
al reported that TSM and mobilization reduced muscle spasm
around the spine and locking of facet joints in patients with
neck pain, improving cervical spine pain and ROM and, sub-
sequently, cervical dysfunction [33]. In the present study, con-
sistent with previous findings, NDI was significantly improved
post-intervention in both groups. TSME and TSM may have im-
proved facet joint function and the biomechanical relationship
between the cervical and thoracic spine in office workers with
neck pain, thus increasing ROM and reducing pain and, con-
sequently improving the NDI. However, the NDI did not dif-
fer significantly between the 2 groups. TSME and TSM active-
ly and passively, respectively, led to changes in the joints and
muscles. Although the 2 treatments showed different meth-
ods (passive versus active), the effects were similar, leading
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to no significant difference in NDI. The effect size for cervical
dysfunction was.03, suggesting little to no difference between
the experimental and control groups.

Several limitations must be considered in the interpretation of
this study’s findings. First, too few participants were included
in this study to generalize the findings to all individuals with
neck pain. Second, although this study intended to investigate
the effects of TSME and TSM, the independent effects on the
thoracic spine could not be assessed as both cervical spine
mobility and stabilization exercises were simultaneously ap-
plied. Third, this study was not blinded, so there may be bias
in the study results. Lastly, the limited mobility of the thorac-
ic spine of the participants could not be measured and quan-
tified. Follow-up studies are needed to assess the effects of
independent interventions of only TSME or TSM in patients
with neck pain and limited thoracic spine mobility.

Conclusions

The purpose of this study was to investigate the effects of
TSME and TSM on cervical spine ROM, thoracic spine ROM,
pain, and neck dysfunction in office workers with chronic neck
pain. As a result of the study, the effects of TSME and TSM on
the improvement of cervical and thoracic ROM, NPRS, and NDI
of patient with neck pain were confirmed. However, the ef-
fects of TSME and TSM on patients with neck pain was similar.
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