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Comparison of the effects of joint mobilization, gym ball )
exercises, and breathing exercises on breathing pattern
disorders and joint position sense in persons with chronic

low back pain

Chae-Gil Lim

Department of Physical Therapy, College of Health Science, Gachon University, Incheon, Republic of Korea

Objective: To compare the effects of joint mobilization, gym ball exercises, and breathing exercises on breathing pattern dis-
orders and joint position sense in persons with chronic lower back pain.

Design: Three-group pretest-posttest design.

Methods: Thirty-six individuals with chronic low back pain who were undergoing a postural correction and vertebral movement
at a rehabilitation center participated in this study. The subjects were randomly divided into the joint mobilization group (n=12),
gym ball exercises group (n=12), and the breathing exercises group (n=12). The exercises were applied for 40 minutes a day, twice
a week for a total of 12 weeks. Measurement tools included the end-tidal CO, (ETCO,), respiration rate (RR), breath hold time,
Nijmegen Questionnaire (NQ), excursion, and joint position error (JPE).

Results: The groups showed significant differences in the ETCO,, RR, NQ, Excursion and JPE test before and after the inter-
vention (p<0.05). The differences between the groups were significant in the group that received the gym ball and breathing ex-
ercises in ETCO; and RR (p<0.05). The differences between the groups were most significant in the group that received breathing
exercises in NQ and excursion (p<0.05). The differences between the groups were significant in the group that received the gym
ball and breathing exercises in JPE Lt. and Rt. (p<0.05).

Conclusions: All three interventions had a significant impact on the biomechanical changes, respiratory variables, and joint po-
sition sense in participants with chronic lower back pain. Breathing exercises were found to be particularly effective in improving
respiratory parameters.
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Introduction

Back pain is often a result of obesity, as well as psycho-
logical [1] and biomechanical factors [2] among other risk
factors [3]. The magnitude of mechanical load on the spine
is highly related to back pain [4], and excessive mechanical
load on the lumbar spine can lead to intervertebral disc rup-
ture or vertebral fracture. A strong association has been
found between compression and shear force and the preva-

lence of lumbar pain [5]. Thus, a comprehensive under-
standing of spinal biomechanics is important for the im-
plementation of appropriate strategies to mitigate the risk of
back pain while performing load-bearing tasks.
Mechanical receptors in joint tissues, articular capsules,
and ligaments are stimulated by active and passive move-
ment of the joints [6]. A pain response is induced when these
joint tissues deform at the limits of normal tissue stretch.
Pain is mediated by nociceptors, specialized peripheral sen-
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sory neurons that convert these stimuli into electrical sig-
nals, which are relayed to higher brain centers. Stimulation
of nociceptors is potentially damaging [7], and if noxious
stimuli persist, peripheral and central sensitization may pro-
gress, causing pain to transition from acute to chronic.

Breathing pattern can affect the body and consciousness,
and breathing pattern abnormalities may cause mechanical,
physiological, and psychological dysfunction [8]. In indi-
viduals with chronic lower back pain, there was decreased
muscle movement in the front and middle portion of the dia-
phragm during isometric contractions of the upper and lower
limbs, and this muscle recruitment, along with steep changes
in the middle and rear parts of the diaphragm, is likely to
cause sprains in the posterior region of the spine. If the dia-
phragm is abnormally contracted and activated, it may cause
chronic lower back pain and movement dysfunction [9].

Chaitow et al. [10] reported abnormal posture as a major
cause of breathing pattern disorder (BPD), with the physio-
logical and anatomical aspects of respiration being inter-
connected. When breathing pattern abnormalities occur, ac-
cessory respiratory muscles and the diaphragm do not return
to a stable position after shortening, causing unstable ex-
halation. Excessive lung swelling and pressure result in ac-
celerated respiratory distress [11]. The BPD can be caused
by repeated exercise learning. When relaxed, excessive con-
traction of the oblique muscles act as a corset to prevent the
expansion of the diaphragm, causing changes in the breath-
ing pattern of the upper chest [12]. A large number of in-
dividuals with chronic pain caused by musculoskeletal dis-
orders reported having respiratory pattern abnormalities re-
sulting in large upper pectoral movements without respira-
tory problems [13]. Stable contraction of the diaphragm in-
creases pressure and provides stability to the lumbar spine
and torso [14], while inadequate diaphragm coordination
has been reported to cause lumbar spine instability, motor
control changes, and movement dysfunction [15]. Previous
studies have reported abnormal breathing patterns in per-
sons with chronic lower back pain [9,13], and those with
chronic pain are slow to adapt proprioceptively to environ-
mental changes due to impaired joint position sense trans-
mission [16].

Joint position sense, a specific type of proprioception, is
the ability to perceive the position of a joint without external
cues and is mediated by sensory information transmitted to
the central nervous system by mechanical receptors convert-
ing cues to electrical signals in nerve endings [17,18]. Joint
position error (JPE) can be measured by examining the abil-

ity of a joint to return to its initial position after spontaneous
movement [19]. Cervical JPE is assessed after spontaneous
movement in situ via cervical extension, flexion, and rota-
tion [19]. Deviations from normal function in these tests
may result from altered afferent neuronal input in the neck
[20]. In persons with chronic lower back pain, JPE symp-
toms are associated with respiratory dysfunction, which
shortens the respiratory muscles, such as the sternocleido-
mastoid, trapezius, and scalene muscles, that cause move-
ment in the cervical spine. Because respiratory pattern error
affects motor control of the shoulder and the lumbar and cer-
vical spine, it impedes functional movement in which dia-
phragmatic breathing plays an important role [21]. There-
fore, in the treatment of those with chronic lower back pain,
the restoration of biomechanical spinal movement, recovery
of a normal breathing pattern, and restoration of joint posi-
tion sense are thought to be necessary for overall functional
recovery.

A lumbar joint manipulation technique [22] and lumbar
pelvic stabilization exercises [23,24] are used to improve
lumbar spine and pelvic function in individuals with chronic
lower back pain. Diaphragmatic breathing exercises [25] and
respiratory exercises using auditory and tactile feedback
[26] have been reported to improve motor control and respi-
ratory function [27]. In particular, gym ball exercises have
been frequently used to improve pelvic and spinal stability
and assist with proprioception and postural control in per-
sons with chronic lower back pain by activating the local
muscles [28]. Furthermore, Sremakaew et al. [29] found that
cervical spine mobilization and stabilization and proprio-
ception exercises improved afferent sensory input and re-
duced pain; however, the authors did not fully explore the ef-
fects of these treatment approaches on improved outcomes.
In clinical practice, stabilization exercises and manual ther-
apy are primarily used for treating chronic lower back pain
[30]. Also, breathing exercise programs were shown to be
effective in improving lung function, reducing back pain,
and improving quality of life [5]. Nevertheless, breathing
exercises are used only as an adjuvant, and evidence is in-
sufficient to determine whether they are suitable as an inter-
vention.

The purpose of this study was to investigate the effects of
joint mobilization, gym ball exercises, and breathing ex-
ercises on the biomechanical changes, respiratory patterns,
and joint position sense in persons with chronic lower back
pain.
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Methods
Participants

This study was a two-arm, parallel, randomized con-
trolled trial with concealed allocation and researcher and as-
sistant blinding. Between November 2018 and April 2019, a
total of 45 patients were admitted to the rehabilitation center,
and 42 fulfilled the inclusion criteria. Participants were ran-
domly assigned to the joint mobilization group (IMG) (n=
14), the gym ball exercises group (GBG) (n=13), or the breath-
ing exercises group (BEG) (n=15). Thirty-six participants
completed the study (Figure 1). Individuals diagnosed with
chronic lower back pain 12 months after symptom onset at
the rehabilitation center were included in this study. The in-
clusion criteria were as follows: (1) those with nonspecific
chronic lower back pain and mechanical chronic lower back
pain, (2) those using thoracic breathing method, and (3)

Potential number of

Enrollment

those who understood and agreed to the contents of this
study. In regards to the exclusion criteria, those with the fol-
lowing were excluded from the study: (1) previous orthope-
dic and neurosurgical surgery, (2) cardiovascular disease
and high risk of falls, (3) other chronic pain, (4) participation
in other exercise programs (abdominal muscle training with-
in 1 year), (5) pregnancy within 2 years prior, (6) malignant
tumor, and (7) radiating pain at two sites [31]. All subjects
understood the requirements of the study and provided in-
formed consent before their participation. All procedures
were confirmed by the institutional review board of the in-
stitution and the Helsinki Declaration was followed.

Experimental procedure

Preliminary examinations were performed to document
the general characteristics of each subject, such as sex, age,
weight, and height. Scores on the modified Visual Analogue

patients
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Figure 1. Flow diagram of this study.
Forty-two individuals were enrolled in
the study and were randomly assigned
to the joint mobilization group (n=14),
the gym ball group (n=13) or the breath-
ing exercise group (n=15).
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Scale and the Nijmegen Questionnaire (NQ) were recorded
before and after the experiment.

Capnographs were used for biochemical examination of
respiratory function [32]. Subjects were seated in a comfort-
able position with a nasal cannula inserted, and end-tidal
carbon dioxide (ETCO,) and respiratory rate (RR) were
measured. After removing the nasal cannula, breath hold
time (BHT) [33] and diaphragmatic breathing were assessed
using the Hi-Lo method [34]. After respiratory function
evaluation, a five minutes rest period was allowed, and the
joint position sense of the cervical spine was assessed.

For the assessment of cervical joint position sense, sub-
jects were instructed to be seated comfortably on the ground
with the head in a neutral position and to direct a laser point-
er attached to a headset at a target in front of them. The sub-
jects performed three movements (neck extension, right ro-
tation, and left rotation) and returned the laser pointer to the
starting position after each. The subjects were allowed to
practice each movement once. In the actual experiment, the
subject had their eyes closed, performed the movement up to
the maximum possible range, and returned to the starting
position. Each movement was measured three times. After
each measurement, the researcher manually returned the la-
ser pointer to its original position. Between different move-
ments, the subjects were allowed to open their eyes and cor-
rect their starting point before they were blindfolded again.
Cervical JPE was based on the average of the absolute error
values for neck extension, right rotation, and left rotation.

Outcome measures

Capnography

Capnography (YM6000, Mediana Co., Wonju, Korea)
was used to measure the ETCO; and RR (Figure 2A).
ETCO; less than 35 mmHg, RR of 16 breaths/min or more,

i

BHT of less than 20 seconds, and an NQ score of over 23
were considered as signs of respiratory pattern abnormality
[21,34,35].

Joint position error test

A cervical JPE test was used as an afferent input disorder
test of the cervical spine [36]. A small laser pointer was at-
tached to the headset with the subject sitting and looking at
a wall in the front 90 cm away from the laser-projected point,
with the eyes closed and active neck movement. After per-
forming a movement, subjects attempted to return to the
starting point. The final laser pointer position was measured
with respect to the starting point in cm. A deviation of 4.5°
or less from the center of the target was considered normal.
At a distance of 90 cm from the center of the target, a 4.5° de-
viation corresponded to 7 cm. This method was used as a
quantitative evaluation tool for measuring abnormal posi-
tional sense of the cervical joint with an error of 3°-4°. The
error was measured for each subject after active cervical
spine extension and rotation (Figure 2B) [19]. This is a vali-
dated test method with a high test-retest reliability [37].

Excursion test

In order to determine the extent to which the thoracic cage
expanded during breathing, the circumference of the thora-
cic cage was measured using a tape measure [38]. We meas-
ured the thoracic circumference of the subject standing up-
right during breathing by placing a tape measure around the
chest at the level of the xiphoid process in the front and the
10th thoracic vertebral segment in the back. Chest motility
was recorded as the mean value of the difference between
chest circumferences during maximum exhalation and max-
imum inhalation [39].

Figure 2. (A) Capnography (YM6000,
Mediana Co., Wonju, Korea). (B) Joint
position error test.
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Intervention procedures

Joint mobilization

Joint mobilization was divided into three stages for recov-
ery of motion and reduction of pain. First the joint at the
treatment site was slacked, then the slack was taken up, and
finally the joint was stretched. Stages 1 and 2 were used to
alleviate pain, and stage 3 was used to increase mobility.
Initiation of treatment was followed by determining the rest-
ing or actual resting positions followed by traction and
slipping. When both muscles and joints were found to be ab-
normal, general massage was applied to the muscles and
functional massage was then applied to both the muscles and
joints before joint mobilization treatment was initiated
[40,41]. The subjects underwent joint mobilization for 40
minutes, twice a week, for 12 weeks by a physical therapist
who had attended a Kaltenborn orthopedic physiotherapy
spine course.

Gym ball exercises

During the first six weeks of exercise, subjects performed
side bridging, gym ball partial-curl ups, supine bridging
with single leg raise, prone bridge, and quadruped exercise
with relatively stable support. Subjects performed gym ball
push-ups, gym ball single leg holds, and gym ball roll-outs
with an unstable support for six weeks. Gym ball exercises
were applied to improve lumbar spine stability and increase
abdominal activity [42,43]. The subjects underwent gym
ball exercise for 40 minutes, twice a week, for 12 weeks
overseen by a physical therapist.

Breathing exercises

The respiratory exercise regimen was designed to main-
tain neutral alignment of the spine by retraining the breath-
ing pattern through relaxed diaphragm breathing. The first
method used was the doming technique, which relaxes the
diaphragm during rest and improves diaphragm contraction
and relaxation functions [43,44]. The subject was seated at a
treatment table in a comfortable and relaxed position. The
therapist wrapped his arms around the subject’s rib cage
from behind with hands under the ribs. Then, the therapist
carefully turned the torso of the subject to the left and right
sides so that the rib cage moved freely and comfortably
while the subject attempted to relax the diaphragm and im-
prove ease of movement. This posture was held for 5 mi-
nutes (Figure 3). The second method involved training and
correcting the breathing patterns and involved several steps:

Figure 3. Doming technique of the diaphragm.

(1) recognizing abnormal breathing patterns, (2) relaxing
the jaws, upper chest, shoulders, and accessary respiratory
muscles, (3) retraining abdominal/diaphragm breathing pat-
terns including normal breathing frequency and rhythm and
talking at rest, (4) training awareness of RR and rhythm dur-
ing activity [10]. Third, subjects were educated on normal
breathing patterns in functional movements corresponding
to various postures and movements performed in daily life
[45]. The subjects underwent breathing exercises for 40 mi-
nutes, twice a week, for 12 weeks overseen by a physical
therapist [43].

Data analysis

To verify normal distribution of the data, all data were
tested using the Kolmogorov-Smirnov test. Descriptive stat-
istical analysis and ANOVA were used to assess the general
characteristics and test for homogeneity among the subjects.
In order to analyze differences between the dependent varia-
bles according to the measurement period (before and after
the experiment) and the intervention method (3 types), mul-
tivariate ANOVA was performed and statistically signifi-
cant differences were identified using Tukey’s HSD. The
significance level was set at @ =0.05. All data were analyzed
using IBM SPSS Statistics for Windows, Version 25.0 (IBM
Co., Armonk, NY, USA).

Results

General baseline characteristics are shown in Table 1.
Comparison of breathings pattern disorder

A comparison of the ETCO,, RR, BHT, NQ, and excur-
sion scores before and after intervention among the three
groups is presented in Table 2. Significant differences in
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Table 1. General characteristics of the subjects (N=36)
Variable Joint mobilization (n=12)  Gym ball exercises (n=12) Breathing exercises (n=12) F (p)
Sex (male/female) 4/8 6/6 4/8 0.44 (0.648)
Age (y) 45.33(10.27) 41.00 (6.38) 43.33 (10.26) 0.67 (0.517)
Height (cm) 165.56 (6.28) 166.20 (8.72) 165.44 (6.95) 0.03 (0.964)
Weight (kg) 63.00 (7.16) 65.80 (7.84) 63.25(7.01) 0.53 (0.591)
BMI (score) 22.90 (1.24) 23.76 (1.46) 23.01 (1.80) 1.13 (0.332)
VAS (score) 491 (1.08) 5.66 (1.30) 5.00 (1.04) 0.62 (0.538)

Values are presented as number only or mean (SD).
BMI: body mass index, VAS: Visual Analogue Scale.

Table 2. Comparison of before and after intragroup intervention

on breathing pattern disorder (N=36)
Variable Pre Post t(p)

ETCO; (mmHg)

IMG 3091 (2.77) 31.83(1.64) —1.30(0.218)

GBG 31.25(2.80) 34.41(2.60) —3.64(0.004)

BEG 31.08 (3.11) 37.16 (1.69) —7.17 (<0.001)
RR (breaths/min)

IMG 17.58 (3.84) 17.00 (2.44) 0.42 (0.679)

GBG 18.16 (4.80) 17.50 (4.29) 2.96 (0.013)

BEG 21.00 (4.69) 15.08 (3.08) 2.95(0.013)
BHT (sec)

IMG 36.25 (7.30)  39.66 (5.49) —3.40 (0.006)

GBG 42.75(9.71) 46.58 (15.25) —1.35(0.204)

BEG 40.16 (9.11)  50.83 (11.02) —2.77(0.018)
NQ (score)

IMG 22.42 (10.73) 18.17 (8.76) 2.66 (0.022)

GBG 22.25(7.62) 21.08 (6.85) 2.88 (0.015)

BEG 22.67 (8.79) 13.17 (4.70) 5.96 (<0.001)
Excursion (cm)

IMG 2.70 (0.73)  4.25(0.87) —3.84(0.003)

GBG 2.09 (0.90) 4.83(0.81) —9.58(<0.001)

BEG 2.22(1.05) 6.06(0.82) —7.91(<0.001)

Values are presented as mean (SD).

ETCO;: end-tidal carbon dioxide, JMG: joint mobilization group,
GBG: gym ball group, BEG: breathing exercise group, RR: res-
piration rate, BHT: breath holding time, NQ: Nijmegen Question-
naire.

ETCO; and RR scores before and after intervention were
found in the GBG and BEG (p<0.05). Significant differ-
ences in BHT scores before and after intervention were
found in the JMG and BEG (p<0.05). Significant differences
in NQ and excursion scores before and after intervention
were found in the IMG, GBG, and BEG (p<0.05). A com-
parison between the three groups before and after inter-
vention is presented in Table 3. Significant differences in the
ETCO,, RR, NQ, and excursion scores after intervention

were found between the groups (p<0.05). Post-hoc tests re-
vealed that the BEG was significantly different from the
JMG and GBG in the ETCO,, RR, NQ, and excursion scores
(»<0.05). The BHT scores were not significantly different
between the IMG, GBG, and BEG (p>0.05).

Comparison of joint position error

A comparison of the JPE left rotation (JPE_Lt. R), JPE
right rotation (JPE_Rt. R), and JPE extension (JPE_EXT)
scores before and after intervention among the three groups
is presented in Table 4. Significant differences in the JPE
Lt. R, JPE_Rt. R, and JPE_EXT scores before and after in-
tervention were found in the BEG (p<0.05). Significant dif-
ferences in JPE_Rt. R scores before and after intervention
were found in the GBG (p<0.05). Significant differences in
NQ and excursion scores before and after intervention were
found in the JIMG, GBG, and BEG (p<0.05). A comparison
between the three groups before and after intervention is
presented in Table 5. Significant differences in the JPE_Lt.
R, JPE_Rt. R scores after intervention were found between
the groups (p<0.05). Post-hoc tests revealed that the GBG
and BEG was significantly different from the JMG in the
JPE Lt.R,JPE Rt. R scores (p<0.05). The JPE_EXT scores
were not significantly different between the IMG, GBG, and
BEG (p>0.05).

Discussion

This study compared the biomechanical changes, breath-
ing pattern, and joint positional sense in persons with chron-
ic lower back pain. Forty-two participants with chronic low-
er back pain were randomly divided into 3 groups: joint ma-
nipulation group, GBG, and BEG. Thirty-six participants
completed the study.

Bradley and Esformes [21] reported that the normal range
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Table 3. Comparison of intergroup intervention on breathing pattern disorder (N=36)
Variable IMG (n=12) GBG (n=12) BEG (n=12) F ()
ETCO; (mmHg) —0.91 (2.42) —3.16 (3.01)* —6.08 (2.93)* T 10.24 (<0.001)
RR (breaths/min) 0.58 (4.75) 0.66 (0.77)* 5.91 (6.94)* 4.70 (0.016)
BHT (sec) —3.41(3.47) —3.83(9.83) —10.66 (13.33) 2.08 (0.141)
NQ (score) 4.25(5.52) 1.16 (1.40) 9.50 (5.51)* " 10.14 (<0.001)
Excursion (cm) —1.50 (1.35) —2.74 (0.99) —3.84 (1.68)* 8.76 (0.001)

Values are presented as mean (SD).

IMG: joint mobilization group, GBG: gym ball group, BEG: breathing exercise group, ETCO,: end-tidal carbon dioxide, RR: respiration rate,

BHT: breath holding time, NQ: Nijmegen Questionnaire.

*Significant difference in a comparison with the IMG (p<0.05). T Significant difference in a comparison with the GBG (p<0.05).

Table 4. Comparison of before and after intragroup intervention

on JPE (N=36)
Variable Pre Post t(p)
JPE Lt.R (cm)
IMG 11.46 (2.97) 11.50(2.50) —0.14 (0.888)
GBG 10.79 (2.59) 8.60 (1.96) 2.08 (0.061)
BEG 11.35(2.47) 6.17 (1.92) 7.80 (0.001)
JPE Rt.R (cm)
IMG 10.78 (2.54)  10.87(2.50) —0.33(0.744)
GBG 10.38 (2.20) 6.84 (2.79) 2.96 (0.013)
BEG 12.40 (3.06) 6.26 (2.74) 5.69 (0.001)
JPE_EXT (cm)
IMG 8.83 (2.10) 7.85(2.71) 1.09 (0.299)
GBG 10.06 (2.19) 7.87 (2.70) 2.11 (0.058)
BEG 9.34 (2.78) 5.01 (1.70) 4.77 (0.001)

Values are presented as mean (SD).

JPE: joint position error, JMG: joint mobilization group, GBG: gym
ball group, BEG: breathing exercise group, JPE_Lt. R: JPE left
rotation, JPE_Rt. R: JPE right rotation, JPE_EXT: JPE extension.

of ETCO: is 35-40 mmHg, while ETCO, of less than 35
mmHg is considered to indicate a BPD. Chest breathing can
have a serious effect on the chemical aspects of breathing. A
decrease in bloodstream CO; level leads to an increase in
blood pH and results in respiratory alkalosis [46,47], which
can cause changes in physiological, psychological and neu-
rological conditions and negatively affect the musculoskel-
etal system [8]. The diaphragm, the main breathing muscle,
plays an essential role in controlling the spine during postur-
al control [48]. Increasing demand for diaphragmatic respi-
ration inhibits the diaphragmatic contribution to torso stabi-
lization [49]. The breathing exercises in this study focused
on improving diaphragm function and restoring normal
breathing and postural control. Significantly higher ETCO,
levels and respiratory movement in the BEG than in the
JMG are likely the result of the activation of suppressed dia-
phragm movement in subjects with chronic lower back pain,

resulting in a change in breathing pattern from chest breath-
ing to diaphragmatic breathing.

Respiratory dysfunction or respiratory failure is a chronic
or repetitive change in the respiratory pattern that contrib-
utes to respiratory and non-respiratory discomfort [S0]. Symp-
toms of BPD include dyspnea with normal lung function,
chest tightness, chest and musculoskeletal pain, deep sighs,
shortness of breath during exercise, frequent yawning, and
hyperventilation [51]. Hyperventilation is a condition in
which respiration occurs above the normal metabolic rate,
leading to a sharp decrease in the partial pressure of carbon
dioxide (PaCO») and predictable physiological changes
[51]. A sharp decrease in PaCO; in the arteries and tissues
leads to more frequent breathing to increase oxygen supply.
A RR of more than 16 breaths per minute is regarded as dys-
functional, and hyperventilation increases the RR, which
leads to biochemical changes in the human body [34].

The breathing exercise group showed a normal RR after
the intervention. The breathing exercises aimed to alter the
breathing pattern from chest breathing to diaphragmatic
breathing allows sufficient oxygen supply to the tissues.
This can be inferred from the fact that abnormal over-breath-
ing was eliminated and the RR was lowered. Breathing ex-
ercises showed a more significant effect on RR than joint
mobilization or gym ball exercises.

Breath holding time is an aspect of respiratory function
and is generally disturbed in people with respiratory dis-
abilities [52]. Stark and Stark [53] suggested that a BHT of
less than 20 seconds is indicative of an abnormal breathing
pattern, which also correlates with ETCO, levels. However,
other studies showed contradicting results [21]. In this study,
the BHT of individuals with chronic lower back pain was
greater than 20 seconds, suggesting that the sensitivity of
this variable to indicate BPD is low. Nevertheless, BHT was
greater in the breathing exercise group than in the other two
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Table 5. Comparison of intergroup intervention on JPE (N=36)
Variable IMG (n=12) GBG (n=12) BEG (n=12) F (p)
JPE Lt.R —0.04 (1.00) 2.19 (3.64)* 5.17 (2.29)* 12.60 (<0.001)
JPE_Rt.R —0.09 (0.94) 3.54 (4.14)* 6.13 (3.73)* 11.00 (<0.001)
JPE_EXT 0.97 (3.09) 2.19 (3.59) 432 (3.13) 3.20 (0.054)

Values are presented as mean (SD).

JPE: joint position error, JMG: joint mobilization group, GBG: gym ball group, BEG: breathing exercise group, JPE_Lt. R: JPE left rotation,

JPE_Rt. R: JPE right rotation, JPE_EXT: JPE extension.
*Significant difference in comparison with the IMG (p<0.05).

groups. Although breathing exercises at normal levels were
employed, this intervention was found to have an effect on
respiratory parameters.

There was a statistically significant difference in the NQ
scores among the three groups. Further, there was a statisti-
cally significant difference between before and after the
intervention. The NQ was originally designed to assess one
form of dysfunctional breathing (hyperpnea syndrome), and
the symptoms identified by Nijmegen are mainly due to the
presence of abnormal breathing patterns rather than hypo-
carbonism [33]. The NQ includes three symptoms, mainly
related to the respiratory, peripheral neurovascular, or cen-
tral nervous systems, and consists of four aspects including
symptoms related to tension [54]. A score of 23 or more is
considered to be indicative of an abnormal breathing pattern
[21]. In this study, none of the three groups exceeded a score
of 23 in the initial evaluation. After the intervention, the
breathing exercise group scored lower than the other two
groups. Although the breathing exercises in this study im-
proved the symptoms included in the NQ, the effects on the
symptoms related to the peripheral neurovascular and cen-
tral nervous systems require further study.

Weakness of the respiratory muscles and limited ex-
pansion of the thorax may cause abnormalities in respiratory
function, reducing the mobility and activity of the diaphragm
[55]. Improved chest movements during respiration may in-
dicate increased diaphragmatic activity and mobility. The
most commonly used respiratory training methods during
rehabilitation can improve the mobility of the thoracic cage
by smoothly contracting the diaphragm, which is the work-
ing muscle for inhalation [25]. The breathing exercises per-
formed in this study aimed to improve respiratory function
and posture by relaxing the diaphragm and correcting abnor-
mal breathing patterns. The BEG had significantly higher
excursion after the intervention than the JMG or the GBG,
indicating that the breathing exercises had a greater effect on
this respiratory variable than the other methods. It is also

likely that the breathing pattern changed to diaphragmatic
breathing, which facilitates inhalation and exhalation due to
improved movement and function of the diaphragm. More
research is needed to clarify how the diaphragm moves and
functions in conjunction with the chest.

Abnormal proprioception has been found to be associated
with pain, exudation, trauma, fatigue, and a number of mus-
culoskeletal disorders [56]. Proprioception of individuals
with chronic lower back pain can be disturbed due to altered
reflex activity and changes in the intensity of the gamma-
muscle spindle system through the Type III and IV afferent
pain receptors [57].

In this study, we attempted to study the changes in joint
position sense in the neck. There was a statistically sig-
nificant difference between JPE_Lt. R, JPE_Rt. R among
the groups, with these parameters showing significant im-
prove after the intervention. Multiple comparisons between
the intervention methods showed that JPE Lt. R, JPE Rt.R
was significantly improved in the breathing exercise. Kolar
et al. [9] reported altered breathing patterns in persons with
chronic lower back pain. Chest breathing is often controlled
by the accessary respiratory muscles (sternocleidomastoid,
trapezius, and scalene muscles), which act predominantly in
the lower thorax and abdomen [34]. Continuous use of the
accessary respiratory muscles can cause muscle tension and
neck pain [13]. Persistent chest breathing due to abnormal
breathing patterns in those with chronic lower back pain
may be related to neck pain, fatigue, accessary respiratory
muscle spasm, and reduced proprioception in the neck. In
this study, joint position sense improved after the perform-
ance of breathing exercises, which were successful in chang-
ing chest breathing to diaphragmatic breathing, resulting in
decreased accessary muscle tension, fatigue, and pain. This
improvement in proprioception may be due to the resolution
of factors that interfere with it. This study confirmed that
joint position sense can be affected by abnormal breathing
patterns because breathing exercises were successful in cor-
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recting the breathing pattern while simultaneously improv-
ing proprioception. Also, joint mobilization can elongate
stiffened tissue, increase joint motion range, facilitate nor-
mal movement of damaged joints, and prevent the worsen-
ing of symptoms. Proprioception through joint movement
precedes harmful stimulus recognition and can stimulate
normal nerve sensation to inhibit pain perception [58]. Stimu-
lating the mechanical receptors of the joints using joint mo-
bilization can inhibit harmful stimulation at the spinal cord
or brainstem level. Santilli ez al. [59] found that joint mobi-
lization can be useful for treating disk and nerve damage. In
this study, joint mobilization was used to decrease pain due
to improved joint motion range and for restoration of normal
mobility. Mechanical stimuli that move the joints have been
found to inhibit harmful stimuli transmitted to the spinal
cord or brainstem. Type I and II mechanoreceptors can be
stimulated by joint mobilization over the range of motion of
the joint. Mechanoreceptor stimulation activates large nerve
fibers in the spinal cord that suppress input from small nerve
fibers at the synapse, which in turn reduces pain awareness
[60]. Thus, suppression of the synapses of type III and IV
pain receptors in the ligaments via arthroplasty reduces the
perception of pain.

Local muscles assist to control proprioception and pos-
ture, reducing the risk of trauma [61]. Gym ball exercises in
this study were intended to simultaneously stimulate large
muscles and local muscles. This was achieved by maintain-
ing a neutral posture during the exercises. Local muscles
contribute to stiffness maintenance and stability along the
spinal column and are composed of a high percentage of
type 1 muscle fibers, making them suitable for improving
thoracic endurance. Gym ball exercises, which focus on
maintaining a neutral spine, can improve thoracic endurance
because the actions involved in such exercises are primarily
performed by small muscles. Maintaining the spine position
for as long as possible during these exercises can improve
trunk endurance and reduce the potential for back pain [62].
Therefore, use of large and small muscles during gym ball
exercises is thought to increase the stability of the spine and
reduce pain and muscle fatigue, resulting in improved joint
position sense.

Joint mobilization may be an effective treatment for neu-
rophysiological and mechanical ailments including pain,
muscle defense, and muscle spasm and can also can be used
effectively to treat joint hypomobility or functionally fixed
joints [62]. Gym ball exercises are often used to improve spi-
nal stability and have been widely used in physical therapy

for years, and this exercise method is assumed to help reduce
the risk of back pain [3]. Gym ball exercises focus on main-
taining a neutral spine and are suitable for targeting specific
functions of local muscles in the early stages of treatment to
improve spinal stability. Trunk muscle endurance can be im-
proved by maintaining a neutral spine position for as long as
possible during gym ball exercises, which can reduce the po-
tential for back pain [3]. Gym ball exercises in this study
were able to successfully improve the stability and endur-
ance of the spine and reduce pain.

Previous randomized control trials that have included
breathing exercises have shown that subjects with an aver-
age of one year of moderate chronic back pain showed sig-
nificant improvement in both pain and functional symptoms
after 8 weeks of breathing rehabilitation or physical therapy
[26]. Diaphragmatic breathing, progressive muscle relaxa-
tion, exercise, self-visualization, and self-hypnosis have
been shown to be effective in reducing stress and pain per-
ception [63]. Intervention through relaxation, respiratory re-
education, and other methods is considered to be beneficial
in the treatment of chronic pelvic pain [64]. Holloway and
West [65] suggested that breathing rehabilitation using the
Papworth Method (a series of integrated breathing and re-
laxation exercises that focus on breathing pattern abnormal-
ities including hyperventilation) can improve the quality of
life. In this study, breathing exercises improved various
symptoms including lumbar pelvic pain and dysfunction,
BPD, and JPE.

There were several limitations of this study. First, it was
difficult to control the strength and aerobic exercise exerted
by each subject for each task during the experiment. It was
also not possible to control other aspects of the subjects’ dai-
ly environment outside of the rehabilitation center. Further,
since the subjects with chronic back pain were recruited
from a specific area and institution for this study, the find-
ings of this study cannot be generalized to all individuals
with chronic low back pain.

In conclusion, in this study, joint mobilization, gym ball
exercises, and breathing exercises improved respiratory pat-
tern abnormalities and joint position sense in persons with
chronic lower back pain. Breathing exercises were found to
be particularly effective in improving respiratory parame-
ters (ETCO., RR, NQ, and Excursion).
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