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Breathing retraining with chest wall mobilization
improves respiratory reserve and decreases hyperactivity
of accessory breathing muscles during respiratory excursions:
A randomized controlled trial

MONTICHA SAKUNA, KEERIN MEKHORA*, WATTANA JALAJONDEJA, CHUTIMA JALAJONDEJA

Faculty of Physical Therapy, Mahidol University, Nakhon Pathom, Thailand.

Purpose: The aim of this paper was to evaluate the effects of breathing retraining with chest wall mobilization on the onset of acces-
sory breathing muscle recruitment and respiratory reserve in individuals with chronic neck pain. Methods: Thirty-two participants with
non-specific chronic neck pain were randomly assigned into intervention and control groups. The intervention group received 30 minutes
of breathing retraining with chest wall mobilization and the control group was assigned to rest for 30 minutes. Electromyography (EMG)
of upper trapezius (UT), scalene (SC), and sternocleidomastoid (SCM) muscles were recorded during respiratory excursions by cycling
for 12 minutes. Measurement of maximum voluntary ventilation (MVV), chest expansion, and pain intensity were taken during normal
breathing. The immediate effects within each group and between two groups were analyzed. Results: Significant improvement in respi-
ratory reserve was observed in the intervention group compared to control group through prolonged EMG onset of accessory breathing
muscles. Moreover, increase of MVV, chest expansion and decrease in pain intensity were observed. Conclusions: This research suggests
that breathing patterns and chest expansion should be considered within the physical assessment of breathing retraining, and that chest

wall mobilization offers clinically important improvements in patients with chronic neck pain.

Key words: breathing retraining, neck pain, breathing re-education, respiratory reserve, breathing dysfunction

1. Introduction

Neck pain is one of the most common problems
found in the general population [3]. Prevalence of neck
pain has been reported to range between 0.4 to 86.8%
[12], with between 70 and 80% of the population ex-
periencing neck pain at least once in a lifetime [4],
[10]. Neck pain impacts on not only an individuals’
quality of life, but also on families, society, business,
and health care systems. Several studies have demon-
strated various manifestations of dysfunction associated
with chronic neck pain such as alteration of neck mus-
cle activity [9], increased forward head posture, de-
creased respiratory muscles strength [15], and changes
in rib cage mechanics through the reduction of cervi-

cal and thoracic spine stability [15]. In addition, many
recent studies have also reported the decrease of maxi-
mum voluntary ventilation (MVV) [5], [21], [22]. Re-
cently, further evidence of breathing dysfunction in
patients with chronic neck pain has been reported and
its clinical importance has been emphasized [5]-[8],
[15], [16], [18], [21], [22]. The patients with chronic
neck pain demonstrate the inhibition of deep cervical
flexor muscles accompanied by an increased activa-
tion of superficial neck muscles, such as scalene (SC),
sternocleidomastoid (SCM), and upper trapezius (UT)
[9], [14]. Interestingly, these superficial neck muscles
also play a role as accessory breathing muscles and
their increased activity may lead to the alteration of
breathing patterns and subsequent dysfunction, which
have been reported in patients with chronic neck pain
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[9]. Moreover, it has been reported that a decrease in
thoracic mobility, chest expansion, and MVV, which
provides evidence that underlines the relationship
between breathing dysfunction and chronic neck pain
[21], [22].

Impaired neck proprioception in patients with neck
pain has been reported to cause segmental instability
of the cervical and thoracic spine [2]. As there is
a link between cervical and thoracic spine motion,
muscles around the cervical spine, particularly acces-
sory breathing muscles such as SC, SCM that are at-
tached in this area, an alteration of neck muscle func-
tion has been proposed to be one of the causes of the
altered movement patterns of the thoracic spine and
rib cage [19]. The optimal breathing pattern allows for
maximal lung expansion and capacity [1] that might
decrease activity of accessory breathing muscles, fa-
cilitate deep cervical flexor muscles, and improve
cervical segmental stability.

Previous study showed that breathing retraining
can improve neck muscle activity, movement patterns,
and reductions in pain intensity in chronic neck pain
[22]. However, the study was observed during normal
breathing and the intervention considered breathing
retraining, but did not include chest wall mobilization.
Thus, the aim of this study was to evaluate the imme-
diate effect of breathing retraining with chest wall
mobilization on neck muscle activities during respira-
tory excursions. Additionally, related parameters, such
as mechanical respiratory function and pain, were in-
vestigated. It was hypothesized that maximizing the
capacity of respiration by breathing retraining with
chest wall mobilization might reduce hyperactivity of
accessory breathing muscles by prolonging the onset
of these muscles during heavy respiration.

2. Materials and methods

2.1. Subjects

Participants of this study were recruited from the
Physical Therapy Clinic, Mahidol University. The
protocol was approved by the Institutional Review
Board (IRB), Mahidol University. A single assessor
was responsible for screening for eligibility, taking
consent and recording the outcome measures includ-
ing EMG, MVV, chest expansion, and pain. Partici-
pant inclusion criteria were: at least a 6 month history
of neck pain, mild to moderate pain intensity (VAS
scale 2—7), body mass index (BMI) 18.5-24.9 kg/m?,

and age between 18 and 45 years old. The exclusion
criteria were: severe pain (VAS scale > 7), any neuro-
logical symptoms or known contraindications. All par-
ticipants read the information sheet and signed a con-
sent form before participation started.

2.2. Experimental design

The design of this study was a randomized controlled
trial with single blinded outcome assessments, Thai
Clinical Trial registry (TCTR) identification number
(TCTR20180919005).

2.3. EMG data collection procedure
and processing

Participants were asked to sit on a chair and per-
form deep breathing though a triflow for five repeti-
tions. The maximum repetition of recorded EMG activi-
ties was selected for data processing. The participants
were then asked to lie down in a supine position. The
neck muscle activity was recorded for one minute
during normal breathing. Muscle activity was then
recorded for approximately 12 minutes during a sub-
maximal cycling protocol on a stationary cycle ergome-
ter (Monark 828E).

Myoelectric signals were acquired from the SCM,
anterior SC, and UT muscles bilaterally using dual self-
-adhesive Ag-Agcl snap electrodes with an interelec-
trode spacing of 2 cm (The Telemyo Direct Transmition
System, Naroxon INC, USA © 2012). Signals were
amplified by 1000 Hz, passed through a 10-500 Hz
bandwidth filter [20], sampled at 1500 Hz, and an
inter-electrode impedance below 2 kQ [13]. The EMG
data were full wave rectified and filtered using a root
mean square (RMS) with a window length of 100 ms
to produce an enveloped EMG signal. The EMG onset
of each muscle was determined by a signal greater
than 3 standard deviations of the baseline values and
when the duration of the contraction was greater than
25 milliseconds [11]. The average EMG amplitude
was collected from the muscle activation after EMG
onset untill the end of test. The resulting data were
then normalized to the percentage of MVC during
deep breathing using the triflow.

2.4. MVYV data collection procedure

The MVV was measured by spirometer (Spirolab I1I,
MIR srl Medical International Research Inc., Roma
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Italy) according to The American Thoracic Society
(ATS) guidelines. All participants were familiarized
with the test before starting the procedure. The stan-
dard protocol of MVV test was applied to all partici-
pants. Participants performed at least three trials with
one minute of rest between each trial. Verbal encour-
agement was applied to all participants to achieve
a maximum effort. The best test value was used for
data analysis.

2.5. Chest expansion data
collection procedure

Chest expansion was measured at the level of the
xiphoid process and 10th costal cartilage with a flat
measuring tape. The difference of circumference be-
tween maximal inspiration and maximal expiration
was measured twice. The mean of the two values was
recorded. If the difference between the two trials was
greater than 1 cm, a 3rd measurement was taken, and
the average of the 2 largest values was recorded. The
intraclass correlation coefficients (ICC) value of chest
expansion of 0.77 indicated good reliability.

2.6. Pain intensity data
collection procedure

Pain intensity was rated by using a visual analog
scale (VAS). This scale is a self-report instrument that
consists of a 100-mm straight line rating from no pain on
the left side to worst possible pain on the right side.

A therapist with a post-graduate qualification in
manual musculoskeletal therapy was responsible for
randomly assigning participants into an intervention
and control group, and provided the breathing re-
training and chest wall mobilization as a treatment.
Before treatment, the therapist performed a subjective
and objective physical examination, observing the
participants’ respiration in both sitting and lying posi-
tions, looking for abnormal breathing patterns in the
upper, lower or lateral movement of the chest wall.
The therapist then asked all participants to perform
a breathing retraining protocol with chest wall mobi-
lization in the different directions depending on the
finding from the examination. If participant had
more pain, breathing retraining was provided first.
However, if the participant had more chest wall stiff-
ness, chest wall mobilization was performed first.
However, in all cases, the treatment took no longer
than 30 minutes.

2.7. Data analysis

Data were analyzed with the Statistical Package
for the Social Sciences (SPSS) version 18 for Win-
dows. Descriptive statistics were used to summarize
all outcome measures. The distribution of the quanti-
tative data was assessed using the Kolmogorov—Smir-
nov test. When the data were found suitable for para-
metric testing, independent #-tests were used to explore
differences between groups and paired #-tests were
used to determine changes between pre and post. If
the data were found to be not normally distributed,
Mann—Whitney U-tests and Wilcoxon signed ranks
tests were used, respectively. The significance level
for all outcomes was set at 0.05.

3. Results

Participants with chronic neck pain (7 males and
25 females) were randomly assigned into an inter-
vention and control group. Each group contained
with 16 volunteers. The characteristics of the partici-
pants were shown in Table 1.

Table 1. Demographic data of the participants at baseline

Intervention

Control

(n=16) (n-16) | Pvalue

Gender

Male 3 4

Female 13 12
Age [years] 23.90 (4.6) | 27.38 (6.7) 0.26,
Weight [kg] 57.40 (9.5) | 58.80(8.5) 0.68,
High [cm] 162.50 (7.9) | 163.20 (6.9) | 0.78,
BMI 21.64(2.1) | 21.90(2.1) | 0.67,
Average EMG amplitude during normal breathing (%)

Rt. UT m 20.69 (12.87) |18.80 (13.67)| 0.69,

Rt. SCm 10.35 (16.37)| 6.38(6.58) | 0.45,

Rt. SCM m 16.36 (18.56) [10.65 (16.14)| 0.14,

Lt. UT m 20.50 (12.01)|28.65 (29.72)| 0.62,

Lt. SCm 10.20 (7.76) |12.17 (18.79)| 0.26,

Lt. SCM m 11.54 (6.26) 12.92 (22.80)| 0.82,
Pain VAS (0—-100 mm)

At rest 230 (2.1) 3.00 (1) 0.37,

On worst movement | 4.70 (2.4) 4.80 (2.1) 0.89,

a — Statistical analysis were performed using Mann—Whitney

U-test, b — Statistical analysis were performed using the independent
t-test, significant * — p < 0.05, m — muscle, Rt. — Right, Lt. — Left,
UT — Upper Trapezius, SC — Scalene, SCM — Sternocleidomas-
toid.
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No significant differences were found in average age,
weight, high, body mass index (BMI), average electro-
myography (EMG) amplitude during normal breathing,
and pain at baseline between the two groups.

The comparision of EMG onset before and after
treatment in the intervention group
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Fig. 1. Comparison of EMG onset before and after treatment
in the intervention group (* = p < 0.05)
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Fig. 2. Comparison of EMG onset before and after treatment
in the control group (* = p <0.05, ** =p <0.01)
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Fig. 3. The changes of EMG onset compared between intervention
and control groups (* =p <0.05, ** =p <0.01)

The results demonstrated significant prolonged
EMG onset of right UT and found their trend towards
almost of accessory breathing muscles (right UT, right
SC, right SCM, and left SC), except for left UT and
left SCM muscles (Fig. 1). The shortened EMG onset
were found in all muscles in the control group (Fig. 2).
The significant differences of EMG onset of SC mus-
cles between two groups were seen, however, there
was no statistical significant differences of UT and
SCM muscles between two groups (Fig. 3).

This study found a significant increase in the MVV
in the intervention group (91.14 to 94.96 1/min, p =
0.041) (Table 2). On the contrary, a significant de-
crease in chest expansion were found in the control
group. However, this study showed no statistical
significant differences of MVV between two groups
(Table 3).

There was no statistically significant difference
between pre- and post-tests in chest expansion for the

Table 2. Comparison of MVV, chest expansion and pain between before and after treatment in each group

Outcome measure
Intervention (n = 16) Control (n = 16)
[mean (SD)]
before after p-value before after p-value
. 91.14 94.96 - 99.05 99.26 b
MVV [L/min] (19.68) (20.95) 0.041 (17.53) (14.58) 0865
. 0.95 1.04 b 0.92 0.77 -
Chest expansion [cm] (0.69) (0.65) 0.207 (0.53) (0.45) 0.011
. 2.3 0.8 3.0 2.8 b
Pain at rest 0.001%%* 0.768
2.1 1) (1.0) (2.6)
. 4.7 2.1 Ak 4.8 3.8 a
Pain on worst movement 2.4) 2.5) 0.000 @.1) 2.8) 0.062

— Statistical analysis were performed using Wilcoxon signed ranks test, °

the paired #-test, significant * — p < 0.05, significant ** — p < 0.01.

— statistical analysis were performed using
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intervention group. However, the significant decrease
of chest expansion in the control group was found
(Table 2). The significant differences of chest expan-
sion was found (p = 0.009) between the two groups
(Table 3).

Table 3. Comparisons of the changes of MVV,
chest expansion and pain between two groups

Outcome measure Difference scores

fmean (SD)] mtervention | contol e
MVV [L/min] 3.82(6.82) | 0.21 (4.76) | 0.093°

Chest expansion [cm] 0.09 (0.27) |—0.15 (0.21)]0.009%%*
Pain at rest -1.5(1.2) | —0.2(2.2) |0.048%
Pain on worst movement -2.7(1.1) | —0.9(2.5) |0.002%**

? — statistical analysis were performed using Mann—Whitney
U-test, ° — statistical analysis were performed using the independent
t-test, significant * — p < 0.05, significant ** —p < 0.01.

A significant reduction in pain at rest and pain on
worst movement were only seen in the intervention
group (p = 0.001 and 0.000, respectively), but no sig-
nificant differences were seen in control group (Table 2).
The results demonstrated the significant differences of
pain at rest and pain on worst movement (p = 0.048
and p = 0.002, respectively) between two groups
(Table 3).

4. Discussion

This study aimed to evaluate the effect of breath-
ing retraining using chest wall mobilization on the
recruitment of accessory breathing muscles and respi-
ratory reserve during respiratory excursions. Accord-
ing to the findings, participants with chronic neck pain
who received breathing retraining with chest wall
mobilization had a significantly increased capacity of
mechanical respiratory function during high respira-
tory load, increased MV'V, increased chest expansion,
and reduced pain intensity.

Several studies have shown that patients with
chronic neck pain present the association between
breathing dysfunction and many motor function al-
terations [8], [15], [21]. However, few studies have
investigated the consequence of using breathing re-
training as a treatment in patients with chronic neck
pain [22]. To the best of our knowledge, there has
been no evidence of effects of breathing retraining
on accessory breathing muscle during high respira-

tory load. The accessory breathing muscles have to
play a role when the body need respiratory reserve to
meet the physiologic demands of body oxygen re-
quirements, and patients with chronic neck pain
demonstrate an increased activation of accessory
breathing muscles [9], [14] and might show on early
onset of muscle activity. Correct mechanical respi-
ratory function, including the work of the diaphragm
and flexibility of rib and chest expansion, might re-
duce accessory breathing muscle activity or prolong
their onset. A trend was demonstrated towards a de-
layed onset in most accessory breathing muscles in
the intervention group, indicating an improvement in
the mechanical respiratory function. However, it was
surprising that more than half of the muscles tested
in the control group also revealed statistically sig-
nificant earlier EMG onset, indicating higher muscle
activity in response to the respiratory load. This
could possibly be explained by some residual effect
after the cycling task, such as tiredness or exhaus-
tion, which could have influenced the performance
of the respiration, however, this effect was only seen
in the control group.

The previous study reported that changing the po-
sition of head decreases respiratory movement of the
lower chest and increases movement of upper chest
[19]. The preliminary findings by Yeampattanaporn et
al. [22] showed an increase of the lower chest expan-
sion and decrease of pain intensity after breathing
retraining in participants with chronic neck pain. The
results of this current study can be compared indi-
rectly with Yeampattanaporn et al., although there
were some methodological and treatment differences.
These included not using high respiratory load or chest
mobilization, however the results of this current study
support their conclusions. The intervention group
revealed no significant difference of chest expansion,
however, slightly higher scores was found in post-test.
On the contrary, the control group showed a significant
decrease in chest expansion. It could be explained by
the increase response of respiration to some residual
effect after the cycling task, leading to the accessory
breathing muscles recruitment, with increased sterno-
cleidomastoid muscle activity, causing rib cage eleva-
tion, reducing thoracoabdominal mobility, and the
upper chest was used more than lower chest, as de-
scribed in breathing dysfunction pattern [18]. The
chest expansion were measured near the 10th rib,
which reflected the lower chest movement. Therefore,
the reduction of chest expansion found in the control
group and the trend of increase chest expansion found
in the intervention group in this study implied for the
benefit of the treatment that improves the biomechan-



158 M. SAKUNA et al.

ics of breathing. However, this study had the limitation
of detecting the changes of upper and middle chest
movement.

MVV was significantly correlated with chest ex-
pansion and chest wall mobility was the significant
predictor of MVV [21]. However, the previous study
[22] showed no significant increase in MVV, as op-
posed to this study. Because of this study included
chest wall mobilization to the treatment, result in cu-
mulative effects on lung compliance and mobility,
hence, the increase of MVV, was seen.

The limitation of this study was the treatment
time that was set at only 30 minutes. Some patients
need more time for producing the improvement. The
long-term study was suggested for the next future
research to see more effects of the treatment. Moreo-
ver, there was some residual effect after the cycling
task. If participants have more time to rest, the short-
ened EMG onset may be not seen in the control
group and prolonged EMG onset may be obviously
seen in the intervention group. Another limitation
was the measurement method for chest expansion
that was measured only at the lower chest, so it can-
not isolate the changes of upper and middle chest.
The future study may try to measure the isolated
changes of upper, middle, and lower chest by another
method. Moreover, the therapist observed partici-
pants’ respiration only to consider the treatment
technique tailored to individual. We recommended
for the future study to categorize the type or the se-
verity of breathing dysfunction before randomizing
each participant to both groups. It might pronounce
more effects of the treatment.

5. Conclusions

This study suggested that breathing pattern and the
chest expansion should be concerned as one of neck
pain assessment. Breathing retraining with chest wall
mobilization encourage good respiratory work, reduce
hyperactivity of accessory breathing muscles and then
reduce pain in chronic neck pain.
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