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ABSTRACT

Background. Middle-aged women are at risk of musculoskeletal disorders because of the decreased muscle mass and
bone density caused by a decreased endocrine function. Objectives. This study investigated the effectiveness of a
stabilization exercise using respiratory resistance on female patients in their 40s with low back pain. Methods. Forty-
four female patients in their 40s with low back pain were assigned randomly to an experimental (n=22) or control
group (n=22). The experimental group performed lumbar stabilization exercises along with respiratory resistance, and
the control group only performed lumbar stabilization exercises, both groups for 60 min per session, three sessions a
week, for four weeks. The numeric rating scale (NRS), Korean-Oswestry disability index (K-ODI), Fear-Avoidance
Beliefs Questionnaire (FABQ), static balance ability maximum inspiratory pressure (MIP), and maximum expiratory
pressure (MEP) were measured before and after the intervention program. Results. Both groups showed significant
differences in the NRS, K-ODI, FABQ, center of pressure (CoP) velocity, MIP, and MEP before and after the
intervention (p < 0.05). In the length and area of CoP, only the experimental group showed a significant difference (p
< 0.05). In the experimental group, the K-ODI, FABQ, balance ability, MIP, and MEP showed significantly better
improvement than the control group (p < 0.05). Conclusion. A lumbar stabilization exercise program using the
respiratory resistance is an effective method with increased motor function, psychosocial stability, significant
improvement in balance, and respiratory pressure in women in their 40s with low back pain.

KEYWORDS: Low back Pain, Respiration, Respiratory resistance, Static balance ability, Maximum
Inspiratory Pressure, Maximum Expiratory Pressure

INTRODUCTION

Low back pain (LBP) is a musculoskeletal
disorder that frequently occurs in modern society.
The disorder is experienced at least once in
approximately 90% of adults, and such back pain
increases the psychological, economic, and social
burdens (1). Unlike the past, current jobs are
causing physical activity shortages and lifestyle
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changes due to automation and office work. These
changes have led to a weakening of the abdominal
muscles and an imbalance of the body, further
leading to serious health problems, such as
lumbar deformity (2, 3).

LBP is caused by poor lifestyle and lack of
exercise, and the incidence increases with
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increasing age in women than in men (4). Middle-
aged women are in a period of physical aging.
Changes in social structure and participation in
economic activities have increased, leading to
increased stress and physical and psychological
burdens both at home and work (5). In particular,
females in their late forties at the beginning of
menopause show degenerative changes in the
lumbar spine due to a decrease in muscle mass
and bone density caused by a decrease in female
hormones induced by a decrease in endocrine
function (6).

An unstable lumbar spine causes abnormal
alignment or imbalance and delivers excess
gravity and weight to the lumbar spine (7). In
addition, the lumbar muscle strength and
endurance, and exercise control ability are
reduced (8), which causes constant stimulation
and stress on the lumbar area. These stimuli and
stresses cause the patient to feel physically and
mentally uncomfortable, while at the same time
appear to decrease the functional motor control
skills, such as walking, sitting and daily activities
(9, 10). This causes emational problems, such as
anxiety, depression, helplessness, and poor
quality of life, as back pain progresses (11).

A dysfunction of the abdominal muscles is
associated with LBP (12). The abdominal
muscles provide mechanical support to the spine
and pelvis, so an instability between the muscles
increases if the muscles are not contracted
properly (13). Research on lumbar stabilization
exercises to improve the stability and function of
the abdominal muscles has been actively
conducted (14-16). Through this, an exercise
program that can improve both the correct posture
and balance ability should be performed in
parallel (17).

An abdominal drawing-in maneuver (ADIM)
has been implemented as a selective training
method for the diaphragm and abdominal muscles
for LBP. This maneuver is often used in clinical
practice to improve symptoms through
neuromuscular retraining in patients with LBP
and lumbar instability (18). To improve the
respiratory function, a contraction of the
diaphragm is effective in training respiratory
resistance (19). This improves the diaphragm
muscle strength and endurance by applying a load
to the diaphragm by regulating the flow of air
entering during inhalation. In addition, when
applied together with a lumbar stabilization
exercise program, it solves the instability of the
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lumbar region (20) and helps improve the lumbar
stability (16, 21).

Studies on the effectiveness of respiratory
resistance training and stabilization exercises in
relation to LBP have been actively conducted, but
the reported studies on middle-aged women in
their 40s with LBP have been insufficient. This
study examined the effects of a stabilization
program with respiratory resistance on women in
their 40s with LBP on the patient’s pain level,
dysfunction, psychosocial factors, balance ability,
maximum inspiratory pressure (MIP), and
maximum expiratory pressure (MEP).

MATERIALS AND METHODS

Participants. This study was conducted on 65
female patients in their 40s who were hospitalized
for LBP at P Hospital in D City. The inclusion
criteria were (1) patients who had experienced
LBP at least within the past six weeks, (2) a score
of 3 or higher in the numeric rating scale (NRS),
(3) three or more positives among the five lumbar
instability tests, (4) and people who could stand
on one leg for 30 s. The exclusion criteria were
patients who had difficulties in motor
performance due to pain, participated in less than
80% of the sessions, and had systemic and
respiratory diseases, such as cancer, and patients
who had compression fractures. The purpose and
process of the study were explained to all
participants, and they all signed a written consent
form that their participation was voluntary. This
study was approved by the Ethics Committee and
is registered in the WHO International Clinical
Trials Registry Platform: KCT0005233.

Procedures. This research was a single-
blinded, randomized, control trial study. The
sample size was calculated using G-power 3.19
software. The alpha level and power were set to
0.05 and 0.8, respectively. According to a
previous pilot test, the effective size was set to
0.91; at least 20 participants were required in each
group. On the other hand, the minimum number
of participants to be selected was 22 after
considering a potential dropout rate of 10% (22).
This was a randomized control trial, in which the
recruited  participants  underwent  lumbar
instability testing for selection screening. Lumbar
instability testing consisted of the following: 1.
lumbar instability test in the prone position, 2.
lumbar posterior-anterior mobility test, 3. straight
leg raising test, 4. passive lumbar extension test,
and 5. under 40 years of age (23). After the
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lumbar instability screening tests, this study
excluded 21 patients who had positive results in
two or fewer tests (n = 15) and a score of 3 or
lower in the NRS (n = 6). To compare the effects
of the interventions, 44 participants were assigned
randomly to the experimental group (n = 22) or
the control group (n = 22) using a randomization
program (24). The participants were not given
information about the group to which they had
been assigned. The experimental group
performed a lumbar stabilization exercise
program using respiratory resistance training, and
the control group performed only a lumbar
stabilization exercise program. All interventions
were provided 60 min a session, three sessions a
week, for four weeks. Both groups were measured
for the NRS, Korean version of Oswestry
disability index (K-ODI), Fear-Avoidance Beliefs
Questionnaire (FABQ), static balance ability,
MIP, and MEP before and after the intervention.
Data after the post-test assessments were recorded
for analysis.

Lumbar Stabilization Exercise Program.
Both groups were given the lumbar stabilization
exercise program, which was a modification of
the intervention method of Boucher (2016) (25).
The stabilization exercise program is an exercise
that induces stabilization by controlling the
pressure applied from the outside through a
contraction of the abdominal muscles and co-
contraction of the lumbar muscles. The program
consisted of six exercises: curl up, dead bug,
superman, bird dog, bridge, and side plank with
knee flexion. Stretching for 10 min was
performed to warm up and cool down before and
after the sessions. Each movement was made for
five sets consisting of five repetitions and 10 s
each repetition, with a 20 s break between each
set. The intervention was implemented for four
weeks, three times a week, and 60 min per
session.

Curl up - the participants bent both knees in
supine. After that, they placed both hands to their
chest, and then slowly lifted their chest,
shoulders, and head.

Side flank with knee flexion — The participants
laid on their side with their knees bent. After that,
one shoulder was maintained at 90° to support the
trunk, and the pelvis and upper body were lifted
to place the opposite arm on the side with the
pelvis and knee support. After holding for 5 s, the
other side was also executed.

Bridge - The participant immediately bent
both knees in the prone position, and then lifted
the pelvis in alignment with the thigh.

Dead bug — The participants bent both knees
in the supine position. After that, one arm was
raised vertically, and the other leg was bent at the
knee to keep the shin bone parallel to the floor.
After holding for 5 s, the other side was also
executed.

Superman - The participant lifted both arms
and legs in the prone position.

Bird dog - The participants were in a four-
legged pose. After that, one arm was lifted, and
the other leg was parallel to the floor. After
holding for 5 s, the other side was also executed.

Lumbar Stabilization Exercise Program
Using Respiratory Resistance. The
experimental group performed  breathing
resistance training simultaneously with the
lumbar stabilization exercise program. The
exercise program was performed using a
respiration-resisting device (Expand-a-Lung®,
Miami, USA) that was composed of a silicone
mouthpiece and a valve that controls ventilation.
The respiration-resisting device controls the
amount of wventilation during inhalation and
exhalation and results in a resistance of airflow
for respiratory muscle strengthening. Using a
respiration-resisting device, the resistance level
was set to a stage where the participants could
stay below 14 in the Borg’s rating of perceived
exertion (26).

The lumbar stabilization exercise program
using respiratory resistance was as follows
(Figure 1).

Outcome Measures

Pain Level. To identify the pain levels of the
participants following the intervention program,
the NRS was used. This test was a self-assessment
questionnaire, 0 means no pain, 5 means
moderate pain, and 10 means unbearable pain.
The reliability was high (r = 0.61) (1).

Dysfunction Level. K-ODI was used to assess
the level of dysfunction in patients with LBP. The
K-ODI suggested by Kim (2005) was used to
assess the level of dysfunction due to LBP (27).
This assessment consisted of nine items: pain
level, personal hygiene, lifting objects, walking,
sitting, standing, sleeping, social participation,
travel, and mobility. The scores range from zero
to five, and the highest possible score was 45. The
reliability of K-ODI was high (r = 0.92) (28).



Psychosocial Factor. FABQ was used to
determine the level of the psychosocial factors in
patients with LBP. The FABQ is a self-reported
questionnaire that assesses the relationships of the
fear-avoidance response, LBP, and dysfunction
(29). Five items related to physical activities in
FABQ-PA and 11 items related to work in FABQ-
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W were given on a seven-point scale (0 = Totally
disagree, 6 = Perfectly agree) for self-assessment.
The score range of FABQ was 0-66; a higher
score means a stronger degree. The FABQ Joo
(2009) was used, and the reliability of this test
was 0.95.
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Figure 1. Lumbar Stabilization Exercise using Respiratory Resistance

Balance Ability. A Wii balance board (WBB)
(Nintendo, Kyoto, Japan) was used to measure the
static balance ability according to the intervention
method. The participants stepped on top of the
platform WBB to track the sway from the center
of pressure (CoP) to derive the path length,
velocity, and area 95%. Participants who partook
in the study climbed over the WBB and
performed one-leg standing motion with the
dominant leg, as directed by the physical
therapist. The postural disturbances coming from
vision was controlled by asking the participants to
focus on a dot 15 cm in diameter and 3 m away.
The average value measured in three trials was
collected using the Balancia program (Mintosys,
Seoul, Republic of Korea). The inter-rater
reliability of the Wii Balance Board was ICC =
0.92-0.98 (30), and the Balancia program was a
helpful assessment tool that standardized the
inter-rater reliability (r = 0.79-0.96) and validity
(r=0.85-0.96) (31).

Respiratory Pressure. The subjective
Respiratory Pressure of the participants was
assessed using a Micro RPM (Carefusion, San
Diego, USA). The participants stretched their
shoulders in a standing position and spread their
legs shoulder width. A mouthpiece equipped with
the micro RPM was placed in the mouth, and MIP
and MEP were measured. Sufficient rest was

provided between MIP and MEP. The maximum
value of three measurements was used for data
analysis.

Statistical Analysis. Data analysis was
performed using SPSS version 21.0 (IBM,
Chicago, IL, USA). The general characteristics of
the participants were provided using the mean and
standard deviation values through descriptive
statistics, and the Shapiro-Wilk test was used for
normality testing. The normal distribution of all
variables from the results was identified. The
general characteristics between groups and the
homogeneity test of the pre-intervention values
were analyzed using a chi-squared test and t-test.
An independent-samples t-test and chi-squared
test were used to compare the intervention results
between the groups, and the paired t-test was used
to compare the dependent variables within the
groups. Statistical significance was set at P <
0.05.

RESULT

Four patients were excluded as a result of early
discharge from the experimental group and the
control group, and the data from the total
experiment (n = 20) and control group (n = 20)
were collected. The general characteristics were
similar in the two groups (Table 1).
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Table 1. General Characteristics. (Mean + SE)

Experimental Group (n = 20) Control Group (n = 20) t/y2 P
Age (year) 47.09 £1.15 46.68 £1.73 0.924 0.361
Height (cm) 157.86 £ 3.15 158.73 £2.35 -1.030 0.309
Weight (kg) 59.27 + 3.52 60.64 +5.59 -0.968 0.339
BMI (kg/m2) 20.84 +1.26 20.63+1.21 0.572 0.570
Onset (month) 18.45+2.40 18.36 + 1.62 0.147 0.884

BMI: body mass index.

Table 2. Comparison of Dependent Variables According to the Intervention between Groups. (Mean + SE)

Experimental Group (n = 20) Control Group(n = 20) t(p)?
NRS (score)
Pre 6.40 + 0.47 6.44 +0.42 -0.336 (0.738)
Post 4.24+0.35 4.45+0.42
Post-pre -2.16 £ 0.65 -1.99 +0.52 1.149 (0.264)
t (p)° -15.628 (0.000) -17.928 (0.000)
ODI (score)
Pre 17.32+£5.9 16.09 £ 4.24 0.792 (0.433)
Post 9.45 +3.92 10.95 + 4.36
Post-pre -7.86 £ 3.77 -5.14 £4.02 2.295 (0.032)
t(p) -9.782(0.000) -6.000(0.000)
FABQ-PA (score)
Pre 22.36 £1.84 21.73+£2.16 1.051 (0.299)
Post 14.28 +3.31 19.73 £ 255
Post-pre -8.14 +4.03 -2.00 £2.76 5.849 (0.000)
t (p) -9.476 (0.000) -3.399 (0.003)
FABQ-W (score)
Pre 40.41 £2.48 39.18+2.81 1.537 (0.132)
Post 26.05 + 6.62 29.73+£6.01
Post-pre -14.36 £ 5.95 -9.45+5.81 3.483 (0.002)
t(p) -11.326 (0.000) -7.630 (0.000)
FABQ-total (score)
Pre 62.77 £3.21 60.91 £ 3.95 1.718 (0.093)
Post 40.32 + 6.66 49.41 +6.88
Post-pre -22.45 £6.12 -11.50 £ 6.80 5.937 (0.000)
t(p) -17.199 (0.000) -7.930 (0.000)

2 Independent-samples t-test. ® Paired t-test. NRS, numeric rating scale. ODI, oswestry disability index. FABQ-PA, fear-
avoidance beliefs questionnaire-physical activity. FABQ-W, fear-avoidance beliefs questionnaire-work.

Table 3. Comparison of Dependent Variables According to the Intervention between Groups (Mean + SE)

Experimental Group (n = 20) Control Group (n = 20) t(p)?
CoP velocity (cm/s)
Pre 4,70 £0.82 4.69 +£0.83 0.051 (0.959)
Post 3.66 + 0.66 410+0.75
Post-pre -1.04 £0.99 -0.59 + 1.06 2.903 (0.009)
t (p)° -4.962 (0.000) -2.623 (0.016)
CoP length (cm)
Pre 135.51 + 20.08 140.13 + 21.15 -0.743 (0.462)
Post 110.03 £19.71 130.73 £19.58
Post-pre -25.48 £18.11 -9.40 £ 29.65 2.602 (0.017)
t(p) -6.600 (0.000) -1.486 (0.152)
CoP area (cm?)
Pre 8.39 £2.95 8.64 +2.79 -0.286 (0.777)
Post 5.56 +2.16 7.52+2.30
Post-pre -2.83 £2.57 -1.12£3.73 2.481 (0.022)
t(p) -5.170 (0.000) -1.406 (0.174)
MIP (cm H;0)
Pre -64.18 + 7.06 -63.65 * 6.06 -0.263 (0.793)
Post -85.67 + 6.39 -64.63 + 6.46
Post-pre -21.50 + 3.99 -0.98 £ 2.06 19.407 (0.000)
t(p) -25.213 (0.000) -2.224 (0.037)
MEP (cm H,0)
Pre 77.30 + 8.85 76.08 + 6.66 0.514 (0.610)
Post 85.48 + 7.99 77.13+6.28
Post-pre 8.19+1.55 1.05+1.59 -17.587 (0.000)
t (p) 24.740 (0.000) 3.091 (0.006)




In both groups, the previous values of the
dependent variables were homogenous.

Both groups showed significant differences (P
< 0.05) in these parameters after the intervention.
In addition, the differences in the ODI and FABQ
between the groups showed a significant increase
in the experimental group compared to the control
group (P <0.05) (Table 2).

Both groups showed significant differences (P
< 0.05) in the CoP velocity, MIP, and MEP after
the intervention. In addition, the differences in the
balance ability, MIP, and MEP between the
groups showed a significant increase in the
experimental group compared to the control
group (P < 0.05) (Table 3).

DISCUSSION

This study compared the effects of a lumbar
stabilization exercise program with and without
respiration resistance on female patients with
LBP in their 40’s. Significant improvement of the
motor function, psychosocial stability, balance
ability, and respiratory muscle strength during
inspiration and expiration were noted in the
experimental group that performed stabilization
exercise using respiratory resistance (P < 0.05).

Middle-aged women have a risk of LBP due to
decreased hormones, pregnancy, and childbirth
because of their physiological characteristics
(32). In addition, as aging progresses, physical
changes occur along with decreases muscle
strength, muscle volume, and muscle endurance
(27). Han (2010) (33) reported that in the case of
female LBP, the joints were more stressed due to
the increased shear force applied to the lumbar
spine because of an increase in the inclination
angle of the lumbar lordosis and lumbosacral.
Lumbar instability occurs due to physical
changes, and chronic LBP results if it continues
(34). The stabilization exercises for chronic LBP
strengthens the core muscles through isometric
contractions of the abdominal muscles, which
improves the lumbar stability (35).

Han (2010) reported that in women with LBP,
the pain increased due to the increased pressure of
the lumbar spine caused by an abnormal increase
in shear force due to lumbar hyperlordosis. Park
and An (2017) reported that stabilization exercise
was effective on the pain levels in women in their
30s and 40s with chronic back pain (P <0.05,d =
0.50) (36). This study also revealed significant
differences in the experimental group (d = 5.21),
who performed the lumbar stabilization exercise
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program using respiratory resistance, and the
control group (d = 4.74), who performed only the
lumbar stabilization exercise program, which is
consistent with the results of a previous study (P
< 0.05). Although there was no significant
difference between the two groups, a larger effect
size was found in the experimental group using
respiratory resistance. The stabilization exercise
program presented as an exercise program was to
activate the muscles around the lumbar spine and
abdomen to help improve the stability of the trunk
(27) In particular, the strong contraction of the
abdomen contributed more to the stability of the
trunk during the development of respiratory
resistance in the experimental group.

The quality of life decreases when a
dysfunction caused by LBP increases the
difficulty in daily life (37). This study evaluated
the motor dysfunction and pain level of the
subjects. Excluding the items related to sexual
activities, a percentage was derived from the 45
points total. The level of motor dysfunction
decreased from 37% to 20% and 35% to 24% in
the experimental and control group, respectively
(P < 0.05). In addition, statistically significant
improvement was found in the experimental
group using the respiratory resistance compared
to the control group (P < 0.05). This is thought to
have affected the level of pain and dysfunction
caused by increased intra-vertebral pressure and
increased intra-abdominal pressure due to the
stronger contractions during inspiration and
expiration.

Back pain causes psychological changes that
caused the individual to avoid physical activities
and work, potentially causing fibrosis and atrophy
(16). Accordingly, the Korean version of FABQ
was used to examine the fear-avoidance response
before and after the intervention. As a result, the
level of psychological anxiety was decreased
significantly in both groups participating in the
study (P < 0.05). In addition, compared to the
control group, the experimental group using
respiratory resistance showed a more significant
difference (P < 0.05). In the experimental group
in which stabilization exercise was performed
using respiratory resistance, the decrease in the
fear of physical movement and daily activities
was greater as the ability of exercise function
increased through stronger deep muscle
contraction.

Jo (2011) reported that in the case of a patient
with LBP, the trunk stability was reduced
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compared to a healthy adult without back pain
when examining one leg with the dominant leg.
In this study, the balance ability was evaluated by
one leg standing to evaluate the movement
performance of women with LBP. As a result,
there was a significant difference in the velocity,
path length, and area 95% of CoP between the
experimental using respiratory resistance and the
control group (P < 0.05). In the case of LBP,
mobilization and muscle activity of the deep
muscles of the trunk and the muscles of the hip
joint are different from those of normal persons
when one leg standing is performed (38). To
prevent and reduce dysfunction, muscles of the
trunk of the body should be strengthened, and
unnecessary exercise should be prevented (39).
Through this, the stabilization exercise using
respiratory resistance contributed to the stability
of the trunk by increasing the co-contraction of
the deep muscles responsible for stabilizing the
trunk muscles. As a result, the indicator of
balance ability was improved. The respiratory
pressure test is a non-invasive method that
measures the muscle strength of the inspiratory
and expiration muscles and used as a test to
measure the ventilation and respiratory
insufficiency during inspiration and expiration
(40-42). In this study, a stabilization exercise
using breathing resistance was conducted to
examine the change in respiratory pressure. As a
result, all participants in this study who conducted
the exercise programs showed significant
improvement in the respiratory pressure (P <
0.05). In addition, in the experimental group using
the respiratory resistance showed a greater
difference than in the control group (P < 0.05).
This is believed to have contributed to the
respiratory muscle strength because of the
contractile capacity of the lung and strengthening
of the diaphragm muscle during inspiration
through respiratory resistance training. As a
result, high-intensity respiratory resistance
training of stabilization exercise using respiratory
resistance increased the stability of the lumbar
spine. In addition, it helped improve the motor
function, psychosocial stability, and balance
ability by affecting the abdominal muscle
contractility due to the improvement of
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