
Research article

Short-term effects of respiratory muscle
training combined with the abdominal
drawing-in maneuver on the decreased
pulmonary function of individuals with chronic
spinal cord injury: A pilot randomized
controlled trial
Chang-Yong Kim1, Jung-Sun Lee2, Hyeong-Dong Kim3, Dong-Jin Lee4

1Department of Health Science, The Graduate School, Korea University, Seoul, Republic of Korea, 2Department of
Epidemiology and Health Informatics, The Graduate School of Public Health, Korea University, Seoul, Republic of
Korea, 3Department of Physical Therapy, College of Health Science, Korea University, Seoul, Republic of Korea,
4Department of Physical Therapy, Gwangju Health University, Gwangju, Republic of Korea

Objective: To investigate the effects of respiratory muscle training (RMT) combined with the abdominal drawing-
in maneuver (ADIM) on the pulmonary function in patients with chronic spinal cord injury (SCI).
Methods: Thirty-seven subjects with SCI (level of injury: C4–T6, time since injury: 4–5 years) were randomly
allocated to three groups; the integrated training group (ITG), the RMT group (RMTG), and the control group
(CG). The ITG performed RMT using an incentive respiratory spirometer (IRS) and the ADIM using a
stabilizer. The RMTG received only RMT using an IRS. Subjects in the CG received alternative and routine
physical therapy or usual care. The interventions were conducted over an eight-week period. Pulmonary
function was evaluated using spirometry to measure the forced vital capacity (FVC) and forced expiratory
volume in 1 second (FEV1).
Results: The differences between the pre- and post-test values for FVC (0.47 ± 0.05 versus 0.15 ± 0.06 versus
–0.03 ± 0.01) and FEV1 (0.74 ± 0.07 versus 0.27 ± 0.17 versus 0.02 ± 0.67)were significant among the groups.
Post-test, in the ITG, the FVC and FEV1 values showed significant differences from those in the RMTG and CG
(F = 11.48 and 11.49, P = 0.002 and 0.001). Furthermore, following the 8week intervention, the change ratio
values of the FVC and FEV1 of the ITG were increased further by an average of 9.75% and 7.91%,
respectively, compared with those of the RMTG.
Conclusion: These findings suggest positive evidence that RMT with additional ADIM training can improve
pulmonary function in SCI pulmonary rehabilitation.
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Introduction
The respiratory system is one of the most important
routes for obtaining the elements necessary to sustain
life. Respiration consists of inspiration and expiration.
Inspiration is an active movement during which respirat-
ory muscles, mainly the diaphragm and external inter-

costal muscles, contract. On the other hand, expiration
is a passive process that causes the thorax to return
back to its original position during relaxation of the
muscles involved in inspiration.1

In patients with spinal cord injury (SCI), respiratory
function may be affected due to complete or partial
paralysis of the respiratory muscles.2 In addition,
paralysis of the abdominal muscles can also occur, par-
ticularly with injuries higher than T7, leading to a
reduction in the ability to breathe.3 Consequently,
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partial or total weakness of the abdominal muscles, as
well as the diaphragm and external inter-costal
muscles, have been reported to affect the pulmonary
function in patients with SCI.1 This condition can
cause patients with SCI, who require intensive rehabili-
tation, to tire easily during aerobic activities requiring
endurance,1,2 thereby restricting their performance of
activities of daily living. Moreover, inspiratory capacity
is reduced and pneumonia is a frequent complication.1

Therefore, the improvement of respiratory and abdomi-
nal muscles, and thus pulmonary function, is an impor-
tant issue in the preservation of life in patients with SCI.

As mentioned above, a decrease in the strength of res-
piratory and lower abdominal muscles have been shown
during the respiratory cycle of subjects with SCI.1,3

Moreover, weakened muscles drastically lower the
capacity for coughing and sputum expectoration, and
respiratory muscle weakness is attributed to the impair-
ment of the muscles involved in inspiration.1 It has
already been shown that respiratory muscle training
(RMT) aids treatment and increases respiratory muscle
strength in patients with SCI.4,5 The American
Thoracic Society/European Respiratory Society pul-
monary rehabilitation guidelines recommend respiratory
muscle training (RMT) for suspected or confirmed
respiratory muscle weakness.6 It is also possible to
perform repetitive breathing resistance training using
simple instruments to strengthen the respiratory
muscles, and thus improve cardiopulmonary function.7

Based on this fact, one of the current techniques used to
train respiratory muscles in clinical settings is incentive
respiratory spirometry (IRS).8 However, no single stan-
dard intervention has yet been identified to be effective
in the recovery of pulmonary function following SCI.
In other words, abdominal muscle training affecting res-
piration, as well as training to improve respiratory
muscles is also needed.

The thoracic and abdominal muscles used for inspi-
ration include both major and auxiliary muscles. The
auxiliary muscles include the scalene, sternocleidomas-
toid, pectoralis major, and the abdominal muscles.1

Four abdominal muscles are involved in pulling up the
abdominal wall and increasing the pressure within the
abdominal cavity. A previous study presented conclusive
evidence that abdominal muscles are the most crucial
muscles forinspiration.9 Most importantly, the acti-
vation of the upper and lower fibers of the transverse
abdominal (TA) muscle are essential for changes in
abdominal pressure. Thus, the diaphragm helps to
enhance spinal stability, and its contraction, together
with the contraction of the abdominal muscles, increases
abdominal pressure10 and continuously contributes to

respiration and posture adjustment.11 The abdominal
drawing-in maneuver (ADIM) is commonly used in
lumbar stabilization training programs.12 This maneu-
ver is designed to activate the TA muscle. The abdomi-
nal muscles, including the TA, are also the most
powerful muscles involved in expiration.13 Stabilizer is
a tool that was developed for ADIM training in order
to increase the intra-abdominal pressure and stabilize
the lumbar spine. This device also provides visual feed-
back through a pressure sensor.

Based on the above research background, the present
study attempted to examine whether RMT and ADIM
were conducive to the enhancement of pulmonary func-
tion. This study established a hypothesis that RMT and
ADIM in pulmonary rehabilitation would increase the
abdominal pressure from the abdominal muscles,
which would in turn improve pulmonary function fol-
lowing an SCI. It was also predicted that integrating
RMT and ADIM into an exercise program would be
more beneficial than using either technique alone.
Therefore, the purpose of the present study was to
examine the effects of integrating exercise with RMT
and ADIM, devised for the internal stabilization of
the spine, on pulmonary function following an SCI.

Methods
Subjects
Thirty-seven subjects (15 women, 22 men) with SCI,
who were receiving inpatient treatment in an SCI reha-
bilitation center, were enrolled in our randomized con-
trolled trial (RCT), after giving informed consent. The
present study was approved by the Human Research
Sciences of Local Ethics Committee and registered
with the University Clinical Trials Registry. The
sample size estimate was based on data collected from
previous studies.4,5 In the case of a 20% drop-out rate,
a priori power analysis determined that a sample size
of at least 11 subjects with SCI was required in each
group in order to obtain a statistical power of 0.80
using the General Power Analysis Program 3.1
(University Kiel, Germany).14 This was based on one-
way analysis of variance (ANOVA) measurements with
a predetermined coefficient of reliability of 0.90, for
comparison between the three groups. The subjects
were selected if the SCI had occurred at least 3 years
prior, and if their injury resulted in motor impairment
at the level of T6 or higher based on the clinical assess-
ment of their neurological impairment. The subjects
were assessed in accordance with the Spinal Injury
Association Impairment Scale.15 Moreover, the subjects
had no pre-injury history of pulmonary disease or res-
piratory symptoms, none reported any recent or active
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pulmonary infection, and none were receiving medi-
cation known to alter airway tone.

Outcome measures
The change in respiratory function of the subjects was
evaluated using spirometry measurements, which were
administered prior to and following the eight-week
intervention period. Three physical therapists who
were blinded to the group allocation provided the evalu-
ations. Prior to the spirometry measurement, these
blinded evaluators underwent a 24-hour training
session for the administration of spirometry, and their
competence in the conductance of these measurements
was assessed by the primary investigator who possesses
10 years of experience. These evaluators were trained to
conduct the spirometry measurements in accordance
with the standardized procedures described as follows.
The subjects were advised not to disclose their treatment
assignment to the evaluators.
Lung function was measured with a computerized spi-

rometer (Chestgraph HI-101, Chest MI Inc., Tokyo,
Japan) (Fig. 1A) during maximal voluntary ventilation
(MVV) maneuvers. As the maneuvers were being
measured, the subjects were asked to sit upright and
make sure nothing was restricting chest movement or
airflow. The subjects started the test by breathing nor-
mally through the mouthpiece, followed by breathing
as deeply (recommended depth: 1/2–3/4 of the subject’s
vital capacity) and rapidly (recommended rate: 70–150
breaths/min) as possible for 20 seconds.16 At the end
of the measurement interval, the subjects were asked
to resume normal breathing and the mouthpiece was
removed. Three trials of the maneuvers were performed,
separated by a five-minute rest, and the average of the
results was taken. The measured values included
forced vital capacity (FVC) and forced expiratory
volume in 1 second (FEV1), and the pulmonary function
indices were calculated automatically by the computer.
FVC measures the vital capacity, which refers to the
total capacity of air that can be blown out by maximal

forced expiration following maximal inspiration. FEV1

refers to the capacity of air that is blown out for a
single second.17 The pulmonary function test was per-
formed with the subjects wearing a nose clip. If the sub-
jects coughed or made a mistake, their numerical values
were not recorded.

Experimental procedures
A total of 37 subjects with SCI were recruited for the
present study. Although 49 subjects were initially
recruited, seven subjects were excluded because they
declined to participate or did not meet the inclusion cri-
teria for this study. In addition, five subjects withdrew
due to an unstable medical condition. As a result, the
drop-out rate of our study was 11.90%. A flowchart of
this study is shown in Figure 2. Group allocation of
the subjects was determined using a randomization pro-
cedure, in which each subject drew a ball from a box
containing three balls marked with 0 (control group;
CG), 1 (respiratory muscle training group; RMTG), or
2 (RMT with additional ADIM; integrated training
group, ITG). Consequently, the subjects and therapists
were not aware of the grouping. The baseline character-
istics of all subjects in each group are presented in
Table 1. The data indicates that the groups had similar
demographic characteristics. Over an eight-week
period, all the subjects received functional training in
the clinical setting according to the daily routine sche-
dule, which consisted of strengthening and stretching
exercises of the limbs, therapist-guided techniques for
facilitating the normal movement pattern. The subjects
received the above routine therapy for one hour, three
times a week. In particular, subjects in the ITG received
both RMT, using an incentive spirometer (Tri-ball
Incentive Spirometer 600–1200cc, Ark Therapeutic,
Lugoff, USA), and ADIM. Subjects in the RMTG
received only RMT using the incentive spirometer. All
subjects in both groups completed 24 supervised train-
ing sessions (3 × 15 minutes per week).

Training program
For the RMT using an IRS, the method presented by
Hall et al., (1996)18 was modified and applied in our
study. The subjects maintained a maximal inspiration
position for 3 to 4 seconds, and then performed
maximal expiration. This exercise was performed for a
total of five sets, with 10 repetitions making up one
set. After each set, a one-minute rest was allowed.
When the subject complained of fatigue or dizziness
during the respiratory exercise, they took a short rest
and then proceeded with the exercise. If these symptoms
were severe, the subjects stopped the exercise.

Figure 1 The spirometry (A) illustration showing the
experimental settings and StabilizerTM pressure biofeedback
unit (B) used in this study. (colour online)
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For the ADIM, a maneuver method presented by
Richardson et al., (2004)19 was modified and applied in
our study. The subjects laid down in the prone position,
and the 3-chamber pressure cell of the StabilizerTM

pressure biofeedback unit (STABILIZERTM Pressure
Bio-Feedback, CHATTANOOGA Group Inc, Hixson,

USA) (Fig. 1B) was placed between the pad of the treat-
ment table and the subjects’ lower abdomen, and inflated
to 50 mmHg. The subjects were subsequently asked to
draw in the abdomen and hold this position in order
for the change in pressure to be measured during a 10-
second period. The subjects were then asked to maintain

Figure 2 The experimental procedures used in this study. ITG, Integrated training group; RMTG, Respiratory muscle training group;
CG, Control group.

Table 1 Demographic and injury data for each group (N = 37)

Characteristics ITG (n1 = 13) RMTG (n2 = 12) CG(n3 = 12) χ2/F (P-Value)

Age (years) 39.98 ± 11.47a 41.51 ± 10.04 40.12 ± 8.73 0.27b (0.93)
Time since injury (years) 4.24 ± 0.76 4.73 ± 0.84 5.04 ± 1.27 0.37b (0.94)
Education (years) 11.41 ± 3.49 10.18 ± 3.14 11.11 ± 3.61 0.40b (0.93)
Body mass index (kg/m2) 22.79 ± 3.17 21.76 ± 5.80 22.37 ± 4.60 0.57b (0.92)
Sex (Male/Female) 7 / 6 7 / 5 8 / 4 0.17c (0.98)
Smoking (Yes/No) 4 / 9 5 / 7 3 / 9 0.29c (0.99)
Spine fracture (Yes/No) 9 / 4 8 / 4 9 / 3 0.26c (0.92)
Spine surgery (Yes/No) 10 / 3 8 / 4 10 / 2 0.41c (0.90)
Tracheostomy (Yes/No) 6 / 7 7 / 5 6 / 6 0.25c (0.96)
Level of injury (Number)

C4-5 (Com / Inc) 2 (0/2) 3 (0/3) 1 (0/1) 0.29c (0.98)
C6-7 (Com / Inc) 2 (1/1) 2 (0/2) 3 (2/1)
T1-2 (Com / Inc) 2 (0/2) 2 (1/1) 2 (0/2)
T3-4 (Com / Inc) 4 (2/2) 3 (2/1) 3 (1/2)
T5-6 (Com / Inc) 3 (1/2) 2 (1/1) 3 (1/2)

Etiology (Number)
Motor vehicle collision 3 4 2 0.24c (0.44)

Falls 3 2 4
Diving 4 3 4
Other 3 3 2

Values are expressed as numbers; aValues are expressed as mean ± standard deviation. bOne-way ANOVA. cχ2 test.
ITG, Integrating training group; RMTG, Respiratory muscle training group; CG, Control group; Com, Complete; Inc, Incomplete.
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a pressure lower than 6–10 mmHg, based on visual feed-
back from an analog pressure gauge, in the prone pos-
ition, followed by a 5-second isometric contraction.
Following the five-second maintenance, subjects were
allowed to rest for 2 to 3 seconds. This exercise was con-
ducted for a total of five sets (10 repetitions per set).20 In-
between sets, the subjects were allowed to rest for one
minute. Prior to the exercise, the function of the deep
abdominal muscles was explained to the subjects, and
each subject was informed about the role and pressure
monitoring mechanism of the pressure biofeedback
unit. Subjects were asked to perform a preliminary exer-
cise through feedback and reinforcement to ensure that
the exercise was performed properly.

Data processing and statistical analysis
Statistical analysis of the data was performed using the
SPSS 12.0 software (SPSS Inc., Chicago, IL, USA).
The values in each group are expressed as the mean ±
standard deviation, number (n), and percentage (%).
Since samples involved in the present study were rep-
resented by normal distribution curves in the
Kolmogorov-Smirnov test, parametric methods were
used. The χ2 test (sex, smoking status, spine fracture
and surgery, tracheostomy, level of injury, and etiology)
and one-way ANOVA (age, duration, education, and
body mass index [BMI]) were used to compare demo-
graphic characteristics for categorical data of subjects
among the three groups. A mixed-model 2 × 3
ANOVA with 1 within-subject factor (time: pre- and
post-intervention) and 1 between-subject factor
(group: ITG, RMTG, and CG) was used to determine
the main effects and the interaction for each FVC and
FEV1. Subsequently, comparisons of the differences in
pulmonary function among the groups pre- and post-
test were investigated using repeated-measures one-way
ANOVA for continuous data, followed by Bonferroni’s
post-hoc test. Consequently, the Bonferroni’s post-hoc
test was performed to identify the differences among
groups for each intervention time. Subsequent post-hoc
t-tests with Bonferroni correction were performed to
compare the same parameters prior to and following
the intervention within each group. To determine the
statistical significance of the data collected from the sub-
jects, the significance level was set at P < 0.01.

Results
Comparison of pulmonary functions in
accordance with the training methods
The overall dynamics of the changes in the FVC and
FEV1 are listed in Table 2. There were significant
main effects for the group in all measured values

(FVC: F1,36 = 13.85, P = 0.001 and FEV1: F1,36 =
15.20, P = 0.001). Furthermore, there were significant
group-by-time interactions in all measured values
(FVC: F1,36 = 7.46, P = 0.010 and FEV1: F1,36 = 8.21,
P = 0.007). However, there were no significant main
effects for time in all measured values (FVC: F1,36 =
3.09, P = 0.090 and FEV1: F1,36 = 3.82, P = 0.062). A
comparison of the FVC and FEV1 prior to and follow-
ing intervention showed a significant increase in the ITG
and RMTG (P < 0.01). The FVC and FEV1 following
intervention were compared among the three groups;
post-hoc testing revealed that the FVC and FEV1

values of the subjects in the ITG (P < 0.001) were sig-
nificantly different from those in the RMTG and CG
post-test; and those in the RMTG (P < 0.01) were sig-
nificantly different from those in the CG post-test.

Comparison of the change ratio of FVC and FEV1
among the three groups
Following intervention, FVC of the ITG and RMTG
increased by an average of 19.98% and 10.41%, respect-
ively. On the contrary, that of the CG increased by an
average of only 1.78%. In addition, FEV1 of the ITG
and RMTG rose by an average of 16.71% and 9.80%,
respectively, while that of the CG increased by an
average of only 2.41% (Table 3). Following intervention,
both FVC and FEV1of the ITG and RMTG signifi-
cantly increased in comparison with the CG (P <
0.01) (Table 3). Following an 8weekintervention, the
FVC and FEV1of the ITG were increased further by
an average of 9.75% and 7.01%, compared with those
of the RMTG. Post-hoc testing revealed that the FVC
and FEV1 values of the subjects in the ITG were signifi-
cantly different from those in the RMTG (P < 0.01) and
CG (P < 0.001) post-test, and those in the RMTG were
significantly different from those in the CG (P < 0.01)
post-test (Fig. 3).

Discussion
RMT has already been adopted in SCI rehabilitation to
increase respiratory muscle strength and pulmonary
function.3–6 However, no study has yet been performed
to examine the effect of an integrated training program
combining both RMT and ADIM on the improvement
of pulmonary function in patients with SCI. Therefore,
to the best of our knowledge, we performed the first
study with an application protocol. The main purpose
of this study was to demonstrate that RMT combined
with ADIM is an effective intervention for the enhance-
ment of pulmonary function in patients with SCI. We
found that RMT combined with ADIM increases
abdominal pressure from the abdominal muscles, thus
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improving pulmonary function as seen by FVC and
FEV1. We also found that an integrated exercise
program to conduct RMT and ADIM may be more
favorable in the enhancement of pulmonary function
in patients with SCI, compared with the use of either
technique alone.

Previous research has reported that paralysis of the
abdominal muscles appears in SCI patients,2,3 particu-
larly with injuries higher than T7, leading to a reduction
in the ability to breathe.3 Therefore, we included sub-
jects with SCI who were impaired higher than T7 in
order to measure the recovery of respiratory muscle
function. Becklake (1986)22 reported that these test
results are affected by technological differences in
testing equipment, biological differences unrelated to
disease, performance process, examiners and subjects,
and diseases themselves. When determining differences
in pulmonary function, the most crucial elements are
the subject’s sex, body size, and age, which affect the
results by 30%, 22%, and 8% respectively.22 Race and
technological differences affect the results by 20% and
3%, respectively, and the remaining 27% are individual
differences that are yet to be explained.22 Based on
these facts from a previous study,22 the best strategy

when conducting and analyzing a pulmonary function
test is to minimize several factors. Therefore, before
the measurements, we obtained the BMI data of sub-
jects, which were used to minimize the effect of the con-
founding factor of body fat and to maintain muscle
quality homogeneity. Moreover, we attempted to
choose the MVVmaneuvers, which are the standardized
experimental procedures used to minimize errors in
these variables, as suggested by previous studies.16

The evaluation of the pulmonary function of subjects
was conducted using spirometry, which may also be
used to evaluate pulmonary function indices such as
the degree of weakness in respiratory muscles. Usually,
in order to evaluate pulmonary function following
RMT, measurements are taken of the pulmonary
residual volume, FVC, and FEV1.

23 The FEV1 and
FVC are indices that are used to determine a relative
reduction in ventilation capacity, in case the subject
has cardiopulmonary ventilation disorders. Therefore,
they are measured frequently in the clinical field.23

These indices also have lower variability than others,
and are often used to evaluate a prognosis and to
observe progression.17 In both the ITG and RMTG,
pulmonary function significantly improved following

Table 2 Comparison of the forced vital capacity (FVC) and forced exploratory volume in 1 second (FEV1), pulmonary function
indexes, during maximal voluntary ventilation (MVV) before and after the intervention among groups (N = 37)

Characteristics ITG (n1 = 13) RMTG (n2 = 12) CG(n3 = 12) F (P-Valueb)

FVC (ℓ)
Pre-test 2.05 ± 0.34 2.21 ± 0.54 1.97 ± 0.32 -0.13 (0.721)
Post-test 2.60 ± 0.19†‡ 2.40 ± 0.69† 2.02 ± 0.44 9.14 (0.003)*
t (P-Valuea) 14.60 (0.000)** 5.74 (0.005)* 0.75 (0.762)
Post-pre test differences 0.47 ± 0.05†‡ 0.15 ± 0.06† 0.03 ± 0.01 11.48 (0.002)*

FEV1 (ℓ)
Pre-test 1.80 ± 0.26 1.91 ± 0.44 2.07 ± 0.17 0.27 (0.679)
Post-test 2.50 ± 0.16†‡ 2.11 ± 0.13 2.09 ± 0.74 7.76 (0.004)*
t (P-Valuea) 18.21 (0.000)** 6.54 (0.004)* 1.01 (0.463)
Post-pre test differences 0.74 ± 0.07†‡ 0.27 ± 0.17† 0.02 ± 0.67 11.49 (0.001)*

Values are expressed as mean ± standard deviation. aWithin-group comparison. bBetween-group comparison.ITG, Integrating training
group; RMTG, Respiratory muscle training group; CG, Control group. *P < 0.01, **P < 0.001.
†: Significantly different compared to the CG.
‡: Significantly different compared to the RMTG.

Table 3 Comparison of improvement rate of the forced vital capacity (FVC) and forced exploratory volume in 1 second (FEV1) after
the intervention among groups (N = 37)

Characteristics ITG (n1 = 13) RMTG (n2 = 12) CG(n3 = 12) F (P-Valueb)

FVC
Improvement rate (%) 19.98 ± 9.47†‡ 10.41 ± 5.44† 1.78 ± 0.87 11.74 (0.003)*

FEV1

Improvement rate (%) 16.71 ± 7.89†‡ 9.80 ± 6.73† 2.41 ± 0.37 12.31 (0.002)*

Values are expressed as mean ± standard deviation. aWithin-group comparison. bBetween-group comparison.
ITG, Integrating training group; RMTG, Respiratory muscle training group; CG, Control group.*P < 0.01, **P < 0.001.
†: Significantly different compared to the CG.
‡: Significantly different compared to the RMTG.
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RMTand ADIM. Measurements taken after the 8-week
intervention showed significant enhancement. The
increase in FEV1 following intervention may be due to
the fact that the subjects became accustomed to RMT
and ADIM and had their pulmonary functions
measured repeatedly. However, the CG did not show a
statistically significant difference, suggesting that there
was no learning effect from repeated measurement and
testing of pulmonary function. The FVC and FEV1

increased significantly in the ITG and RMTG, and pul-
monary function in these two intervention groups also
improved significantly compared with the CG.
Furthermore, the change ratio was higher in the ITG
than in the RMTG, and the difference was statistically
significant. As a result, improved values of these par-
ameters indicate that the use of RMT combined with
ADIM may help to increase pulmonary function in
various environmental conditions that patients with
SCI will likely experience in their daily life after return-
ing to their community.
An IRS was used in RMT, for which a method

presented by Hall et al., (1996)18 was modified. The
advantages of using an incentive spirometer are: 1) it
is easy to learn how to use the instrument; 2) it is econ-
omical; and 3) patients can be motivated to use it, as it
produces a visible improvement. Its visual feedback
helps to train patients to use the instrument indepen-
dently and freely,17 and it maximizes their respiratory
motivation.17 In the present study, RMT using an IRS
was therefore conducive to the enhancement of pulmon-
ary function in patients with SCI, and our results are
similar to those seen in a previous study.4 However, it
has already been shown that RMT using an IRS aids

treatment and increases respiratory muscle strength in
patients with SCI,4,5 and no single standard intervention
has yet been identified to be effective in the recovery of
pulmonary function following SCI. Therefore, abdominal
muscle training that affects respiration, as well as train-
ing to improve respiratory muscles is also needed. For
ADIM, the stabilizer was used to improve factors that
were associated with decreased pulmonary function,
and the training was performed by modifying a
method presented by Richardson et al., (2004).19

According to previous studies, deep abdominal
muscles such as the TA and the multifidus muscle con-
tributes not only to stabilization of the spine24,25 and
adjustment of posture,11 but also to significant improve-
ments in pulmonary function, when ADIM was
applied.19 A similar positive effect on the pulmonary
function of patients with high-level SCI was seen in
our study.5 Therefore, ADIM reeducates the respiratory
muscles, improving muscle strength and endurance, as
well as inducing powerful contraction of the respiratory
muscles through repetitive afferent stimulation of the
abdominal muscles. This increases intra-abdominal
pressure, facilitating upward movement of the dia-
phragm, and decreases pleural pressure and lung
volume, improving expiratory and sputum discharge
abilities. These abdominal muscles are strong, and
they play an important role in activities such as cough-
ing and deep respiration.25 Therefore, activation of
deep abdominal muscles, including the TA muscle,
would be effective in enhancing respiratory capabilities.
For patients with SCI who require intensive rehabilita-
tion, ADIM helps these muscles to perform better
during aerobic activities requiring endurance, thereby
improving the performance of these patients in activities
of daily living. In addition, inspiratory capacity may be
increased, meaning that the occurrence of frequent com-
plications such as pneumonia may also be reduced. In
conclusion, treatment to strengthen the respiratory and
abdominal muscles, resulting in an improvement in pul-
monary function, is an important intervention in the
successful preservation of life in patients with SCI.

Limitations of this study
Although favorable outcomes in the RMT combined
with ADIM treatment were demonstrated by many of
the inter-and intra-group comparisons, there are some
limitations to this study that can be improved in future
research. Firstly, the present study did not measure bio-
mechanical parameters such as electromyography.
Future studies measuring the biomechanical parameters
and electrical recordings from the respiratory muscles
such as the diaphragm and external inter-costal

Figure 3 Comparisons of the improvement rate of the forced
vital capacity (FVC) and forced expiratory volume in 1 second
(FEV1) in accordance with the training methods. ITG, Integrated
training group; RMTG, Respiratory muscle training group; CG,
Control group. *P < 0.01, **P < 0.001.
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muscles would provide direct quantitative parameters
during maximal static inspiratory efforts. Secondly, we
were unable to analyze more parameters that character-
ize the changes in symptom severity or quality of life.
Therefore, definitive future studies, with a large
sample size measuring these parameters in the SCI
patients in various circumstances, would provide direct
qualitative information. Finally, the present study did
not involve a long-term follow-up, and we do not
know whether the subjects are actually better in terms
of the level of activity that they can undertake, or in
terms of reducing the risk of respiratory disease. Thus,
our results cannot be recognized as the long-term
effect of RMT combined with ADIM in SCI patients.
Accordingly, a future RCT to complement the above
limitations should be carried out to confirm the findings
herein.

Conclusion
Several significant findings were obtained in the present
study, showing that pulmonary function results for both
ITG and RMTG significantly improved in comparison
with the results from the CG. The average change
ratio of the pulmonary function of the ITG was larger
than the RMTG; and this was statistically significant.
Thus, based on our results, we suggest that, in SCI
patients, RMT combined with ADIM shows a greater
improvement in pulmonary function compared with
the application of RMT alone. In conclusion, RMT
combined with ADIM may be feasible, with clinical
benefits and easy application, as a promising approach
to improve the pulmonary function of patients with SCI.
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