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Background: Stroke weakens the respiratory muscles, which in turn may influence
the trunk stability; it is unclear whether the progressive respiratory muscle training
(RMT) is effective in improving the trunk stability. The aim of this study was to
investigate the effects of progressive RMT with trunk stabilization exercise (TSE) on
respiratory muscles thickness, respiratory muscle functions, and trunk stability in
chronic stroke survivors. Methods: This is a pilot randomized controlled trial.
Chronic stroke survivors (n = 33) who were able to sit independently participated
in the tstudy. The participants were allocated into the RMP with TSE group or the
TSE group. The respiratory muscle thickness during resting and contraction were
measured. Maximal expiratory pressure (MEP), peak expiratory flow (PEF), and
forceful expiratory volume at 1 sec (FEV1) for forced expiratory muscle function
and maximal inspiratory pressure (MIP), peak inspiratory flow (PIF), and vital
capacity (VC) for inspiratory muscle function were examined. Trunk stability was
estimated by maximal velocity and path length of the center of pressure (COP) by
using a balance board with sitting posture. Results: The respiratory muscle thickness
was significantly increased on the affected side in the RMT group than in the TSE
group. The MEP, PEF, MIP, and PIF were significantly increased in the RMT group
than in the TSE group; however, FEV1 and VC showed no significant differences
between the 2 groups. Trunk stability for the maximal velocity of COP of extension
and affected side bending was significantly increased in the RMT group than in the
TSE group. In addition, the maximal path length of COP of flexion, extension,
affected/less affected side bending was significantly increased in the RMT group
than in the TSE group. Conclusions: RMT combined with TSE can be suggested as
an effective method to improve the respiratory muscle thickness, respiratory muscle
functions, and trunk stability in chronic stroke survivors as opposed to TSE only.
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Introduction

More than 80% of the first-time stroke patients have
impaired stability,1,2 which is associated with poor recovery
of activities of daily living and mobility and an increased
risk of falls.3,4 Stroke patients show remarkable asymmetry
of the trunk and pelvis, increased posture sway, decreased
dynamic stability, and impaired weight-shifting ability onto
the affected side when sitting and standing.5,6 They also
exhibit a significantly reduced level of trunk performance
compared with healthy individuals.7 Stroke reduces a
patient's quality of life by impairing static/dynamic balance
and the basic physical activity requirements.8

One of the effective techniques to improve trunk stabil-
ity is the performance of trunk stabilization exercises
ebrovascular Diseases, Vol. 28, No. 5 (May), 2019: pp 1200�1211
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Table 1. Participants’ characteristics

RMTG (n = 13) TSEG (n = 12) X2/t(p)

Gender

Male/Female (%) 7/6 (53.8/46.2) 5/7 (41.6/58.4) 0.371 (0.695)

Stroke types

Infarction/Hemorrhage (%) 6/7 (46.2/53.8) 6/6 (50.0/50.0) 0.037 (1.000)

Hemiplegic side

Right/Left (%) 8/5 (61.5/38.5) 3/9 (25.0/75.0) 3.381 (0.111)

Disease duration (m) 11.15 (2.38) 11.00 (2.17) 0.168 (0.868)

Age (y) 58.62 (12.38) 59.75 (13.38) ¡0.218 (0.829)

Height (cm) 163.13 (6.98) 165.20 (11.49) ¡0.549 (0.588)

Weight (cm) 62.77 (9.43) 66.50 (11.68) ¡0.822 (0.387)

MMSE (score) 28.08 (1.98) 27.25 (1.77) 1.100 (0.238)

Trunk impairment scale (score)

Static 5.38 (1.26) 5.58 (0.67) ¡0.486 (0.632)

Dynamic 4.92 (2.36) 5.00 (1.60) ¡0.095 (0.925)

Coordination 1.08 (4.94) 1.08 (0.29) ¡0.039 (0.969)

Total 11.38 (3.43) 11.67 (2.19) ¡0.243 (0.810)

Values are expressed as mean (standard deviation) or mode (100 percentage).

Abbreviations: MMSE, mini mental status examination; RMTG, respiratory muscle training with trunk stabilization exercise group;

TSEG, trunk stabilization exercise group.
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(TSE), which involve voluntary cocontraction of the respi-
ratory muscles.9 From an anatomical view, both respira-
tory muscles play a dual role in breathing and trunk
stability during exercise.10 As respiratory (especially deep
abdominal) muscles are part of the trunk musculature,
they may influence trunk stability. Stroke survivors show
a partial or total weakening of the respiratory muscles on
the affected side.10,11 About 40% of the stroke survivors
show decreased diaphragm movement, decreased lung
function by 50% of the age-expected values,12 and a
decreased maximal expiratory/inspiratory pressure com-
pared with healthy individuals.13 Thus, stroke weakens
the respiratory muscles, which in turn may influence the
trunk stability; however, it is unclear whether the progres-
sive respiratory muscle training (RMT) is effective in
improving the respiratory muscle functions and whether
it affects trunk stability in chronic stroke survivors.
Therefore, the aim of this study is to investigate the

effects of progressive RMT combined with TSE on respira-
tory muscle thickness, respiratory muscle functions, and
trunk stability in chronic stroke survivors compared to
TSE only. Our hypothesis is that progressive RMT along
with TSEs are more effective in improving the variables
than TSE only.
Methods

Design Overview

This is a pilot randomized controlled trial of 2 experi-
mental group designs, involving survivors with hemiple-
gia/hemiparesis who had cerebral infarction/hemorrhage.
They were grouped into 2: RMT combined with TSE group
and TSE group. The baseline assessment was performed
on the first day, and the final assessment was conducted
after the 6-week intervention. After collection of general
characteristics and anthropometric measurement of sub-
jects’ data (Table 1), the respiratory muscles thickness,
respiratory muscle functions, and trunk stability were
examined as the outcomes of the study.
Participants and Setting

The details of this study were announced on the bulle-
tin board for 1 month in M rehabilitation hospital in Seoul,
Republic of Korea, 33 chronic stroke survivors volun-
teered to be participants in the study from the hospital.
Sample size was calculated by a previous study for post-
stroke stability evaluation.14 It was based on the indepen-
dent t test, the mean difference of center of pressure
(COP) velocity was used. The a-error probability was set
at .05 and power was set at 80%. The sample size of 14
participants was chosen as an appropriate size for the
pilot study. Inclusion criteria were as follows: (1) had
experienced their first stroke, whether ischemic or hemor-
rhagic (not requiring surgery) over 6 months, (2) a Mini-
�Mental Status Examination score more than and equal
to 24, (3) no facial palsy and receptive aphasia, (4) and no
prior thoracic or abdominal surgery. Exclusion criteria
were as follows: (1) use of medications for neuromuscular
control or that provoke drowsiness, (2) significant disabil-
ity prior to stroke as evidenced by a score of more than 3
on the Modified Rankin Scale15 (3) evidence of restrictive
lung disease based on lung volumes, (4) Trunk
Impairment Scale16 score less than 10, and (5) musculo-
skeletal problems in the pelvis or spine.17 Volunteers were
included if they had no RMT within 1 year.



Table 2. Trunk stabilization exercise program during 6 wks

Stable support surface (mattress) Unstable support surface (gym ball)

1st»2nd wk Supine: pelvic bridge, unilateral bridge Supine: pelvic bridge, unilateral bridge (gym ball)

Sitting: lower trunk flexion extension Sitting: lower trunk flexion extension

Upper trunk lateral flexion Upper trunk lateral flexion(gym ball)

3rd»4th wk Supine: upper trunk flexion rotation, lower trunk

flexion rotation

Supine: upper trunk flexion rotation, lower trunk

flexion rotation (gym ball)

Sitting: lower trunk lateral flexion, upper trunk rotation Sitting: lower trunk lateral flexion, upper trunk rotation

(gym ball)

5th»6th wk Sitting: weight shifting, forward reach Sitting: Weight shifting, forward reach

Lateral reach Lateral reach (gym ball)
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Randomizations

This study was a randomized controlled, assessor-
blinded trial. When the physical therapists had obtained
written informed consent from the participants, they had
a box containing 33 sealed envelopes, 17 of which con-
tained a green note (control group) and 16 with a yellow
note (intervention group). The administrator, who did not
know what the colors represented, picked a sealed enve-
lope from the box and reported the color of the note to the
therapists. Because of the nature of the intervention, there
was no blinding of the stroke survivors or physical thera-
pist following randomization.
Procedure

Because this study was conducted at a rehabilitation
hospital, all patients received conventional physical and
occupational therapy conducted for 30 minutes, 2 times a
day, and 6 times per week, but no RMT or TSE. Progres-
sive RMT included forced expiratory/inspiratory muscle
training. Because there is resistance to normal respiration,
participants of the RMT group may experience dizziness,
light-headedness, or a headache and exhibit abnormal
heart rate or oxygen saturation,18,19 the sign screened Fin-
ger Pulse Oximeter (FDA approved).
To objectify the progressive RMT, the maximal expira-

tory pressure (MEP) and maximal inspiratory pressure
(MIP) were assessed at the beginning of every week, 30%
of the MEP (Micro RPM, Micro Medical, Kent, UK) and
MIP (POWERbreathe K5, HaB International Ltd, UK)
were set as the resistance intensity on the first day of the
week. Thus, the progressive RMT in this study was one of
the progressive resistance trainings. Commercially avail-
able handheld expiratory/inspiratory-type pressure
threshold devices (Threshold PEP, Threshold IMT-Philips
Respironics, Andover, MA) were used.20

RMT group participants were comfortably seated on a
chair with their feet on the ground, without back support,
and their trunk at a 90° angle to their hips. A conventional
nose clip was used to prevent air leakage. In forced expi-
ratory muscle training, the participants held the Thresh-
old PEP with a personalized mouthpiece and performed
forced expiration through the device to overcome the
adjusted resistance. After maximal inspiration, the subject
stopped breathing for about 2 seconds with the mouth-
piece placed in his mouth and forced exhalation. The
inspiratory muscle training was performed following the
same procedure as the forced expiratory muscle training
using the Threshold IMT. Both forced expiratory/inspira-
tory muscle training were repeated 10-15 times, 5 set for
20 minutes in a session and a resting time of 30-60 seconds
between each set.
Both RMT group and TSE group were trained 40

minutes, 3 times a week for 6 weeks. The program of TSE
consisted that the stage was proceeding every 2 weeks
using both stable and unstable support surface (Table 2).
The RMT group performed the TSE for 20 minutes,
whereas the TSE group performed the exercise for 40
minutes for consistency of intervention duration (Fig 1).
The number of repetitions and progression of TSE were
determined based on the patient’s ability by the physio-
therapist in charge.21

Primary Outcome Measurements

Trunk stability

We aimed to compare the effect of progressive RMT on
trunk stability in chronic stroke survivors between RMT
group and TSE group, we assessed the trunk stability
based on the maximal velocity and path length of center
of pressure in limit of stability during trunk flexion, exten-
sion, and affected/less affected side bending in sitting
position. We intended an easy approach to assessing the
trunk stability in a clinical setting. We used a Nintendo
Wii Balance Board (WBB) with a laptop-installed Balancia
v2.0 software (Minto systems, Seoul, Republic of Korea) and
built-in Bluetooth (The interrater reliability, ICC: .89-.79;
intrarater reliability, ICC: .92-.70; concurrent validity, ICC:
.87-.73).22 The WBB was placed on a wooden floor table
with an adjustable height to avoid the subjects’ feet from
touching the ground, and both arms were crossed and
placed in front of the chest.17 The subject's sacrum was posi-
tioned 1 cm inward from the rear side of the WBB to ensure
the consistency of the experimental procedure. It was



Figure 1. Flow chart of experimental procedure. Abbriviations: RMTG, respiratory muscle training with trunk stabilization exercise; TSEG, trunk stabilization
exercise group. (Color version of figure is available online.)
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required the subject's sacrum to be positioned anywhere of
the WBB, the position is defined as the automatically start-
ing point by a laptop with the software installed, therefore
there was no need to try and match the starting point for all
participants. To reduce the subject's anxiety during the mea-
surement process, practices were provided to give feedfor-
ward. Then, the examiner gave verbal instructions to tilt
their trunk as far and as fast as possible to the given direc-
tions within their limit of stability. After tilting the head and
trunk to the maximum point, the result of the maximal COP
velocity and COP path length is automatically calculated
through the software. All procedures were randomly con-
ducted and enough break time between each trial was given
to minimize the fatigue of subjects and all tests were per-
formed before and after the intervention.
Secondary Outcomes Measurements

Respiratory muscle functions

To examine the effects of progressive RMT and TSE, the
present study assessed the respiratory forced expiratory/
inspiratory muscle functions.23 To evaluate forced expira-
tory muscle functions, MEP was measured using Micro
RPM and peak expiratory flow (PEF) and forceful expira-
tory volume in 1 second (FEV1) was measured using a
Microlife PF 100 Peak Flow Meter.19 The subject kept the
trunk and hip joint at 90° in sitting position with feet on
the ground without a backrest. With the use of a conven-
tional nose clip to prevent air leakage, each participant
performed maximal inspiration and expelled the air as
fast as possible; however, there was no visual feedback
such as excessive chest expansion and minimized com-
pensatory movement. After 2 practices without using the
device, the highest value was selected after 3 trials, and
the resting period was set to 5 minutes or higher accord-
ing to the subjects’ request.24 Data were collected as the
value when no air leakage was noted in the mouthpiece
and can be maintained for at least i second or a difference
of less than 10% of the maximum value occurs. The mea-
surement bias was minimized by allowing a resting time
of at least 10 minutes between trials, and the result was
calculated at the highest value.25

Inspiratory muscle functions were measured for MIP,
PIF, and VC (POWERbreathe K5, HaB International Ltd,
UK), which are automatically calculated in a single resisted
inspiration.26 The subject's posture remained the same as
for the forced expiratory muscle function test. The functions
were evaluated using J-Lab software version 5.22.1.50 (Car-
dinal Health GmbH, Hoechberg, Germany).
Respiratory muscles thickness

One of the factors that directly affect trunk stability is
the ability of the core muscles to contract; these muscles
have a direct effect on forced expiration and inspiration.
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In this study, we measured the thickness of the transverse
abdominis (TrA), rectus abdominis (RA), and diaphragm,
which represent core and respiratory muscles. The
affected/less affected side of the respiratory muscles
Figure 2. Resting and contraction thickness of transverse abdominis (A), rectus ab
figure is available online.)
thickness during resting and contraction was measured
using ultrasonography before and after the intervention.
A linear transducer of a B-mode 7.5 MHz ultrasound
device (Mysono U5, Samsung Medison, Seoul, Korea)
dominis (B), and diaphragm of the chronic stroke survivors. (Color version of
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was used and the modulation frequency range was
6-8 MHz according to the patient's waist circumference.
For consistency of ultrasound imaging of the TrA and

RA, the forced expiratory muscles, the patient was in the
crooked lying position, with a pillow behind the head and
knees to minimize tension of the lumbar spine and abdo-
men (.95-1.00 for intraimage reliability; .77-.97 for interim-
age reliability).27 To obtain clear images, the transducer
was placed transversely on the abdominal wall of the
anterior axillary line and between the 12th rib and iliac
crest.28 This provides a reference point for the ultrasound
images of the TrA muscle. Thickness measurements were
taken from the outer border of the hyperechoic fascia line
of each muscle (Fig 2, A). The ultrasound image of the RA
muscle can be obtained by locating the center of the trans-
ducer on a vertical line along the navel and placing the
transducer transversely to the position 2-3 cm superiorly
from the navel (test-retest reliability: .89-.96).28 Ultra-
sound images were obtained at end of expiration for the
resting thickness (Fig 2, B) and at end of the forced expira-
tion for the contraction thickness.27

To obtain ultrasound images of the diaphragm, an
inspiratory muscle, a transducer was placed vertically at
the point at which the anterior axillary line meets just at
the superior area of the lower intercostal angle (inter-rater
reliability, .97».98; intrarater reliability were .94».98).29

At this location, the hypoechoic and hyperechoic layers of
the soft tissue (pleura and peritoneum) between the 2 ribs
can be identified, and the distance between the 2 layers
was defined as diaphragm thickness (Fig 2, C). Dia-
phragm images for the resting thickness were taken at the
end of expiration and those for contraction thickness were
obtained at the end of maximal inspiration.29

Statistical Analysis

PASW statistics 18.0 (SPSS) was used to analyze the
data. The general characteristics and normal distribution
were identified by the Kolmogorov�Smirnov test; all var-
iables satisfied the normal distribution. Homogeneity test
was used for categorical variables using the chi-square
test while continuous variables were examined by the
independent t test. To compare the differences within
each RMT group and TSE group, a paired t test was con-
ducted; the independent t test was used to compare the
differences between RMT group and TSE group. Results
were considered significant at a P value of less than .05.

Results

The results comparing the respiratory muscle thickness
during resting and contraction of the affected and less
affected sides before and after intervention are shown in
Table 3. The resting thickness of TrA, RA, and diaphragm
of the affected and less affected side of RMT group was
significantly increased (P < .05). In TSE group, only TrA
of the affected side was significantly increased (P < .01).
The contraction thickness of TrA, RA, and diaphragm’s
affected and the less affected side was significantly
increased both in the RMT group and TSE group within
each group (P < .01). Between group comparisons, the
resting thickness of the diaphragm of less affected side
was significantly increased in the RMT group (P < .01). In
contraction, thickness TrA and diaphragm were signifi-
cantly increased in the RMT group (P < .05), however, no
significant increase was present in the less affected side of
respiratory muscles.
The results comparing the respiratory muscle functions

between the RMT group and TSE group before and after
intervention are described in Table 4. The MEP, PEF,
FEV1, MIP, PIF, and VC were significantly increased
within both groups (P < .05). Between-group comparison,
MEP, PEF, MIP, and PIF were significantly increased in
the RMT group compared with the TSE group (P < .05).
Table 5 demonstrates the results of trunk stability dif-

ference before and after the intervention. The maximal
COP velocity in limit of stability during trunk flexion,
extension, and affected/less affected side bending the in
sitting position was significantly increased within each
RMT group (P < .05; P < .001; P < .01; P < 0.05, respec-
tively) and TSE group (P < .001, P < .001, P < .01, P <

.001, respectively). Between groups, the maximal COP
velocity in the limit of stability during trunk extension
and affected side bending was significantly increased in
the RMT group than in TSE group (P < .05; P < .05,
respectively). The maximal COP path length in each
group was significantly increased during trunk flexion,
extension, and affected/less affected side bending were
significantly increased in both RMT group (P < .001) and
TSE group (P < .01) each. Between groups, the maximal
COP path length in the limit of stability during trunk flex-
ion, extension, and affected/less affected side bending
(P < .05) was significantly increased in RMT group than
in TSE group (Table 6).
Discussion

Forced expiration at the end of the tidal volume can
induce actual contraction of the TrA.30,31 During inspira-
tion, the diaphragm contracts and moves to an inferior
direction, creating an abdominal pressure in the trunk.
We intended to confirm the progressive resistance train-
ing effects of the respiratory muscles by adding the pro-
gressive resistance to forced expiration and inspiration.
However, it is unknown whether voluntary cocontraction
of respiratory muscles through forced expiration/inspira-
tion with resistance is an effective TSE. Thus, in the pres-
ent study, progressive RMT was carried out to train the
TrA, RA, and diaphragm automatically through resis-
tance on forced expiration and inspiration which have the
functions of trunk stabilizing muscles. The results of this
study, for both the RMT group and TSE group, demon-
strated thickness changes which significantly increased in



Table 3. Comparison of resting and contraction thickness of respiratory muscles in affected and less affected side

Resting thickness of deep abdominal muscles Contraction thickness of deep abdominal muscles

RMTG (n = 13) TSEG (n = 12) t(p) RMTG (n = 13) TSEG (n = 12) t(p)

Affected side TrA (cm) Pretest 0.20 (0.07) 0.17 (0.04) 0.27 (0.09) 0.24 (0.05)

Posttest 0.24 (0.07) 0.20 (0.05) 0.37 (0.09) 0.31 (0.08)

Changes 0.05 (0.04) 0.03 (0.03) 1.073 (0.294) 0.11 (0.07) 0.06 (0.05) 1.806 (0.035)

t(p) 3.776 (0.003) 3.593 (0.004) 5.546 (0.000) 4.252 (0.001)

RA (cm) Pretest 0.57 (0.19) 0.60 (0.17) 0.67 (0.16) 0.68 (0.20)

Posttest 0.71 (0.14) 0.63 (0.18) 0.83 (0.10) 0.77 (0.20)

Changes 0.13 (0.20) 0.03 (0.12) 1.621 (0.119) 0.16 (0.17) 0.09 (0.06) 1.369 (0.191)

t(p) 2.434 (0.031) 0.767 (0.459) 3.276 (0.007) 5.466 (0.000)

Diaphragm (cm) Pretest 0.23 (0.06) 0.24 (0.09) 0.42 (0.14) 0.43 (0.16)

Posttest 0.30 (0.08) 0.30 (0.14) 0.77 (0.21) 0.66 (0.16)

Changes 0.07 (0.07) 0.06 (0.10) 0.442 (0.662) 0.35 (0.17) 0.23 (0.16) 1.857 (0.023)

t(p) 3.599 (0.004) 1.940 (0.078) 7.555 (0.000) 5.100 (0.000)

Less affected side TrA (cm) Pretest 0.20 (0.04) 0.21 (0.06) 0.29 (0.06) 0.29 (0.07)

Posttest 0.26 (0.07) 0.25 (0.06) 0.39 (0.09) 0.36 (0.09)

Changes 0.06 (0.06) 0.05 (0.05) 0.588 (0.562) 0.10 (0.08) 0.08 (0.10) 0.692 (0.496)

t(p) 3.614 (0.004) 2.912 (0.014) 4.694 (0.001) 2.698 (0.021)

RA (cm) Pretest 0.59 (0.19) 0.52 (0.18) 0.74 (0.16) 0.61 (0.17)

Posttest 0.74 (0.12) 0.63 (0.19) 0.87 (0.13) 0.78 (0.17)

Changes 0.15 (0.05) 0.12 (0.12) 0.596 (0.557) 0.13 (0.12) 0.18 (0.18) 0.827 (0.417)

t(p) 3.633 (0.003) 3.336 (0.007) 3.794 (0.003) 3.330 (0.007)

Diaphragm (cm) Pretest 0.23 (0.06) 0.26 (0.07) 0.39 (0.16) 0.48 (0.17)

Posttest 0.32 (0.06) 0.29 (0.09) 0.76 (0.19) 0.71 (0.16)

Changes 0.10 (0.05) 0.04 (0.05) 3.024 (0.006) 0.36 (0.24) 0.23 (0.19) 1.499 (0.147)

t(p) 6.717 (0.000) 2.549 (0.027) 5.377 (0.000) 4.270 (0.001)

Values are expressed as mean (standard deviation).

Abbreviations: RMTG, respiratory muscle training with trunk stabilization exercise group; TSEG, trunk stabilization exercise group; TrA, transverse abdominis; RA, rectus abdominis.
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Table 5. Comparison of trunk stability for maximal velocity of center of pressure in limit of stability between RMTG and TSEG

RMTG (n = 13) TSEG (n = 12) t(p)

Flexion (cm/s) Pretest 3.58 (0.64) 3.53 (0.49)

Posttest 4.75 (1.70) 3.90 (0.48)

Post-pre 1.25 (1.53) 0.36 (0.24) 1.984 (0.059)

t(p) 2.948 (0.012) 5.264 (0.000)

Extension (cm/s) Pretest 3.78 (0.78) 3.34 (0.53)

Posttest 4.73 (0.84) 3.79 (0.61)

Post-pre 1.01 (0.22) 0.45 (0.28) 2.624 (0.019)

t(p) 4.777 (0.000) 5.548 (0.000)

Affected side bending (cm/s) Pretest 3.46 (0.63) 3.72 (0.85)

Posttest 4.99 (1.74) 4.22 (0.97)

Post-pre 1.57 (1.38) 0.50 (0.38) 2.695 (0.017)

t(p) 4.118 (0.001) 4.599 (0.001)

Less affected side bending (cm/s) Pretest 4.00 (0.86) 4.09 (1.02)

Posttest 5.68 (2.49) 4.63 (0.95)

Post-pre 1.73 (2.30) 0.59 (0.32) 1.764 (0.102)

t(p) 2.705 (0.019) 6.295 (0.000)

Values are expressed as mean (standard deviation).

Abbreviations: RMTG, respiratory muscle training with trunk stabilization exercise group; TSEG, trunk stabilization exercise group.

Table 4. Comparison of respiratory muscle functions between RMTG and TSEG

RMTG (n = 13) TSEG (n = 12) t(p)

MEP (cmH2O) Pretest 45.46 (16.02) 40.75 (16.01)

Posttest 67.31 (22.98) 51.92 (22.73)

Changes 12.85 (10.92) 11.17 (9.82) 2.563 (0.017)

t(p) 7.216 (0.000) 3.937 (0.002)

PEF (l/s) Pretest 3.43 (1.39) 3.39 (1.54)

Posttest 4.93 (2.21) 3.87 (1.65)

Changes 1.50 (1.60) 0.48 (0.41) 2.235 (0.043)

t(p) 3.384 (0.005) 4.042 (0.002)

FEV1 (l) Pretest 2.14 (0.66) 2.18 (1.01)

Posttest 2.57 (0.60) 2.55 (1.01)

Changes 0.43 (0.49) 0.37 (0.31) 2.235 (0.703)

t(p) 3.177 (0.008) 4.041 (0.002)

MIP (cmH2O) Pretest 30.48 (13.15) 36.42 (19.60)

Posttest 44.15 (14.49) 42.50 (19.43)

Changes 13.77 (6.43) 6.80 (7.00) 2.862 (0.009)

t(p) 7.720 (0.000) 3.001 (0.012)

PIF (l/s) Pretest 1.67 (0.81) 2.04 (1.21)

Posttest 2.50 (0.84) 2.41 (1.05)

Changes 0.83 (0.46) 0.37 (0.37) 2.734 (0.012)

t(p) 6.527 (0.000) 3.323 (0.007)

VC (l) Pretest 1.82 (0.67) 2.00 (1.03)

Posttest 2.28 (00.70) 2.28 (1.10)

Changes 0.46 (0.68) 0.28 (0.36) 0.809 (0.427)

t(p) 2.442 (0.031) 2.754 (0.019)

Values are expressed as mean (standard deviation).

Abbreviations: FEV1, forced expiratory volume in 1 second; MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure; PEF,

peak expiratory flow; PIF, peak inspiratory flow; RMTG, respiratory muscle training with trunk stabilization exercise group; TSEG, trunk

stabilization exercise group; VC, vital capacity.
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Table 6. Comparison of trunk stability for maximal path length of center of pressure between RMTG and TSEG

RMTG (n = 13) TSEG (n = 12) t(p)

Flexion (cm) Pretest 38.05 (14.71) 44.95 (23.20)

Posttest 50.77 (15.97) 50.59 (22.29)

Post-pre 16.55 (10.46) 7.37 (5.24) 2.804 (0.012)

t(p) 5.701 (0.000) 4.873 (0.000)

Extension (cm) Pretest 37.82 (10.46) 35.15 (12.23)

Posttest 49.98 (12.99) 39.75 (12.95)

Post-pre 13.11 (5.20) 3.42 (6.25) 3.953 (0.001)

t(p) 4.734 (0.000) 7.182 (0.000)

Affected side bending (cm) Pretest 33.94 (12.84) 32.76 (13.72)

Posttest 44.74 (15.97) 37.03 (13.67)

Post-pre 12.07 (9.19) 4.72 (2.27) 2.692 (0.016)

t(p) 4.734 (0.000) 7.182 (0.000)

Less affected side bending (cm) Pretest 41.89 (18.50) 41.61 (22.64)

Posttest 53.05 (19.61) 46.97 (21.78)

Post-pre 12.61 (5.37) 4.78 (6.86) 2.378 (0.026)

t(p) 8.471 (0.000) 3.421 (0.006)

Values are expressed as mean (standard deviation).

Abbreviations: RMTG, respiratory muscle training with trunk stabilization exercise group; TSEG, trunk stabilization exercise group.
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each group. Especially, the resting thickness of the dia-
phragm and contraction thickness of TrA and diaphragm
of the RMT group were significantly increased compared
to the TSE group. The muscle strength is highly correlated
to muscle volume which is reflected by muscle thickness
and cross-sectional area, these results can imply that RMT
is more effective on increasing the respiratory muscle
thickness than TSE. The findings of this study, an increas-
ing muscle thickness in resting and contraction, cannot
fully confirm that the respiratory muscle strength is
improved by RMT, but implies the potential of muscle
training on the actual contraction of TrA and diaphragm
(for TSE). In addition, RMT may improve the muscle
thickness of trunk stabilizing muscles by resistance on
forced expiration and inspiration.
Contraction of the TrA muscle, which is located trans-

versely around the spine, plays an important role in trunk
stability.32 TrA contraction increases the intra-abdominal
pressure, which affects the correct alignment of the spine
when external forces are applied to the trunk, and the
thoracolumbar fascia disperses the external force applied
to the trunk. Also, the diaphragm exists in a spatially
appropriate position as the muscles that support the lower
lumbar region and the pelvis from above.33

In this study, both groups showed a significant increase
of respiratory muscle function within each group, and the
MEP, PEF, MIP, and PIF were significantly increased in
the RMT group compared to the TSE group. It may be an
obvious result that the respiratory muscle functions
improved due to progressive RMT. However, MEP and
PEF are mainly produced by increasing intra-abdominal
pressure induced by abdominal muscles contraction, such
as TrA and RA. Also, MIP and PIF by diaphragm contrac-
tion either. Thus, it can be thought that the respiratory
muscle functions, not expressed by the amount of air but
by the maximum strength of the respiratory muscles, are
improved as the contraction thickness increases. Afore-
mentioned functions demonstrated significant improve-
ment in RMT group. However, FEV1 and VC, have
meaning the amount of air, did not show any significant
difference between groups.
A previous study investigated the relationship between

trunk function and respiratory function in stroke survi-
vors,34 and a meaningful relationship between trunk func-
tions, MEP, and PEF was revealed. One of the possible
reasons is that stroke survivors have lowered MEP and
MIP because the respiratory muscles wrap the lower
trunk and increase the intra-abdominal pressure; the
weakened respiratory muscles can affect the respiratory
muscle functions.35 This coordination may be impaired in
stroke survivors, resulting in asymmetric movements of
the trunk and lesser respiration on the hemiplegic side.13

In stroke survivors, the rib cage movement is decreased,
which affects the tidal volume and signifies a chronic
weakening of the respiratory muscles.35 Thus, we believe
the improvement of abdominal muscles contraction thick-
ness is related to respiratory muscle functions, as they can
affect the trunk stability by the ability to contract and
make the intra-abdominal pressure.
Jandt et al investigated the correlation between trunk

control, respiratory muscle strength, and pulmonary func-
tion in stroke survivors.34 Trunk control was assessed
through the Trunk Impairment Scale, and the respiratory
muscle strength was assessed by manovacuometry. A rela-
tionship was found in the Trunk Impairment Scale, MEP,
and PEF but no correlation was found between TIS and pul-
monary functions. We also found a similar result that the
RMT group showed a significant increase in the respiratory
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muscle functions, not pulmonary function which can be
represented by air volume. Further studies are required to
obtain positive effects on the pulmonary function in stroke
survivors who have symptoms of restrictive lung disease
due to hemiplegia or hemiparesis.36

A training frequency of 1-2 times per day for 30 minutes
performed in 3-5 days per week for 6 weeks has been sug-
gested to induce desired changes.37 We believe that the
frequency and duration are represented by minimum
exercise intensity to improve the abdominal muscle con-
traction thickness and respiratory muscle functions and
suggest that a further study is needed to assess the ideal
intensity and duration of training.
One of the contributing factors of trunk stability is dia-

phragmatic pressure and cocontraction of the anterior
and lateral abdominal muscles, especially the TrA and
diaphragm,38 dysfunction and weakness of these muscles
may affect the trunk stability and normal breathing. Even
though expiration is a passive process, stroke survivors
cannot perform it efficiently, as the forced expiratory
muscles present a remarkable decrease in muscle activ-
ity.39 One of the possible reasons is the location of the
respiratory muscles at the center of the abdominal region
and wrap of the lower trunk; the affected side of the respi-
ratory muscles depends on effective muscle activation. In
a more recent study, an investigation was conducted on
the respiratory muscle strength of individuals with
chronic stroke and found that stroke survivors have sig-
nificantly lower MIP and MEP values than healthy indi-
viduals and weakness in the respiratory muscles which
affects the trunk stability.35 Hence, the diaphragm is acti-
vated whenever the trunk stability is disturbed coordina-
tion is required of its contraction and those of the adjacent
muscles of the abdominal region, an integration of the
respiratory muscles and trunk movements.40

We aimed to strengthen the respiratory muscles to
improve trunk stability in chronic stroke survivors, espe-
cially the TrA and diaphragm by automatically contracting
them by resistance to expiration and inspiration. Regarding
trunk stability, RMT group showed a significant increase
both in the maximal COP velocity during trunk extension
and affected side bending and the maximal COP path
length during trunk flexion, extension, and affected/less
affected side bending compared with TSE group. The trunk
musculature is responsible for maintaining the stability of
the spine and pelvis.41 TrA is the first activated muscle dur-
ing lower limb movement following contralateral weight
shifting,42 whereas the diaphragm is the muscle that sup-
ports the lower lumbar region and pelvis33; stroke survivors
with RMT demonstrated more developed trunk stability by
progressive strengthening of the respiratory muscles
induced by forced expiratory/inspiratory muscle training,
even though not all of the forced expiratory/inspiratory
muscle thickness was improved.
The first limitation of this study is the small number of

participants. A previous study reported that trunk muscle
thickening ratio and trunk function was significantly cor-
related, and trunk functions also have meaningful rela-
tionship with trunk stability for COP velocity and path
length.43 We believe that future studies with a larger sam-
ple size may provide a link between progressive RMT
and trunk stability, and can clarify the relationship
between these parameters in stroke survivors. Second, the
position of the participant upon measurement of the respi-
ratory muscle thickness using ultrasonography was dif-
ferent with respiratory muscle functions and Trunk
Impairment Scale evaluation. In the supine position, the
respiratory muscles thickness can be measured without
difficulty, but the forced expiratory/inspiratory pressure
can be influenced by position. Because of this, the respira-
tory muscle functions were evaluated in the sitting pos-
ture. However, we decided to use this sitting technique
because we wanted to test the relationships of measure-
ments performed under different conditions. Third, there
is a bias for TSE program of weekly proceeding sequence
that can be made by different evaluations of the physio-
therapist-in-charge. Fourth, the effect of learning during
the evaluation of respiratory muscle function can result in
bias between RMT group and TSE group. Fifth, there is a
possibility of leakage from the nozzle during evaluation
in survivors of stroke who had facial weakness and who
may not have maintained a good oral seal.
Conclusion

The results of this study demonstrated that the resting
thickness of the TrA and diaphragm of stroke survivors
increased in the RMT group. The respiratory muscle func-
tions in terms of the MEP, PEF, MIP, and PIF confirmed
that TSE combined with RMT yielded significant
improvement compared with TSE only. In addition, the
trunk stability measured by the maximal velocity and
path length of the COP from the sitting position, COP
velocity in extension and hemi-side bending and COP
path length in flexion, extension, hemi-side, and sound-
side bending were significantly increased after the inter-
vention in RMT group than TSE group. Therefore, RMT
can be suggested as an effective method to improve respi-
ratory muscle contraction, respiratory muscle functions,
and trunk stability in stroke survivors, compared with
TSE alone.
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