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Effects of a Stabilization Exercise Program Using 
Respiratory Resistance in Older Adults With Low 
Back Pain

Background: This study examined the effects of a lumbar stabilization exercise program using 
respiratory resistance on the pain, motor function, psychosocial factors, and respiratory function 
of patients with low back pain (LBP) aged 65 years and older.

Methods: Forty-eight older adults over 65 with LBP were enrolled in this study. They 
were assigned randomly to the experimental group (n=24) or control group (n=24). The 
experimental group performed lumbar stabilization exercises along with respiratory resistance 
and the control group only performed lumbar stabilization exercises for 45 min per session, 
three sessions a week, for six weeks. Quadruple visual analog scale (QVAS), Korean version 
of the Oswestry disability index (K-ODI), balance ability, Euro quality of life 5 dimension 
(EQ-5D) and pulmonary function test (PET) were performed before and after the intervention 
program for comparison.

Results: After the interventions, the two groups showed significant differences in the QVAS, 
K-ODI, balance ability and EQ-5D (P<0.05). The experimental group showed greater 
improvement (P<0.05) in the QVAS, K-ODI, balance ability and forced vital capacity/forced 
expiratory volume in 1 second (FEV1) compared to the control group.

Conclusion: The lumbar stabilization exercise program using respiratory resistance can 
effectively improve pain, motor function, and pulmonary function in patients with LBP aged 
65 years and older. In particular, respiratory resistance training enhances the surrounding spinal 
muscles and improves respiratory efficiency, alleviating LBP and improving motor function.
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Introduction

odern society has entered an aging era 
because of advances in medical tech-
nology and extending life expectancy, 
which brings various social and eco-
nomic challenges [1]. As aging pro-
gresses, the body functions gradually 
decline across various systems, with 

musculoskeletal degeneration leading to reduced motor 
function and muscle mass loss. In addition, the preva-
lence of low back pain (LBP) tends to increase with ag-
ing, with studies reporting that approximately 50% of 
older adults experience LBP at some point in their lives 
[2, 3]. Previous research has highlighted various inter-
ventions, including exercise therapy and lifestyle modi-
fications, to mitigate LBP in older people [4, 5].

Physical changes associated with aging lead to the de-
generation of muscles and bones, reducing physical ac-
tivity and setting a cycle of decline [6]. Physical changes 
associated with aging lead to the degeneration of muscles 
and bones, reducing physical activity and setting a cycle 
of decline [6]. In South Korea, the prevalence of LBP 
among the elderly population is reported to be approxi-
mately 40%–50%, with a higher incidence observed in 
women than in men [7]. Additionally, a national health 
survey indicates that musculoskeletal disorders, includ-
ing LBP, are among the leading causes of outpatient 
visits among older adults, accounting for a significant 
proportion of medical consultations [8]. For older adults, 
reduced activity signifies weakened physical function, 
adversely affecting their social engagement, relation-
ships, and quality of life. In older adults with chronic 
LBP, higher levels of pain are often associated with re-
duced physical activity, leading to psychological issues 
such as depression and anxiety [9].

Among the interventions to reduce pain, restore func-
tional ability, improve balance, and support spinal align-
ment in patients with LBP, lumbar stabilization exercise 
is used widely in clinical settings [10]. This method en-
hances lumbar stability by strengthening deep muscles. 
These exercises improve segmental control, reduce func-
tional disability and enhance coordination. Addition-
ally, they raise intra-abdominal pressure, support spinal 
alignment and strengthen abdominal muscles, reducing 
lumbar pressure. Engaging both abdominal and pelvic 
muscles also improves balance [11].

The abdominal drawing-in maneuver (ADIM) induces 
contractions of the diaphragm and transversus abdomi-
nis through abdominal hollowing and diaphragmatic 

breathing, increasing intra-abdominal pressure and ef-
fectively supporting lumbar stabilization [12]. Deep 
muscle contraction is crucial for providing stability to 
the lumbar segments. Various breathing techniques that 
promote contractions of the transversus abdominis and 
diaphragm were applied to maximize the effects of lum-
bar stabilization exercises for patients with LBP [13, 
14]. Among these, lumbar stabilization exercises using 
respiratory resistance enhance stability by harmonizing 
the diaphragmatic and transversus abdominis muscle ac-
tivity, increasing intra-abdominal pressure, and inducing 
a contraction of the spinal surrounding muscles [13, 14].

Previous studies have shown that lumbar stabilization 
exercises with respiratory resistance training can reduce 
pain and improve function in patients with lumbar in-
stability and middle-aged women with LBP. However, 
research specifically targeting older adults with LBP 
and the role of breathing in their rehabilitation remains 
limited. Therefore, this study examined the effects of a 
lumbar stabilization exercise program using respiratory 
resistance on pain, motor function, psychosocial factors, 
and respiratory function in patients with LBP aged 65 
years and older. Unlike previous research that assessed 
these interventions separately, this study evaluates their 
combined impact, addressing a key gap in the literature.

Methods

Study participants

This study included 53 patients receiving inpatient or 
outpatient care for LBP at Seongsim Geriatric Hospital, 
Mokpo, Republic of Korea. The total intervention period 
was from September 2024 to February 2025. The inclu-
sion criteria were as follows: Aged 65 and older, experi-
ence of LBP within the past six weeks, and a quadruple 
visual analog scale (QVAS) score of 3 or higher [15]. 
The exclusion criteria included LBP caused by fractures 
and respiratory conditions that would hinder participa-
tion in the intervention. 

Study design 

This study used a pre-test, post-test design with a con-
trol group with random assignment. The sample size 
was determined using G*Power software, version 3.1.9.7 
(Heinrich Heine University, Düsseldorf, Germany). 
Based on the main effect size (d) of 0.88 from Park and 
Lee [13], a significance level (α) of 0.05 and a power (1-
β) of 0.80, a minimum of 22 participants per group was 
required, with an additional 10% to account for poten-
tial dropouts, resulting in a target of 24 participants per 
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group [16]. Of the 53 patients recruited, five declined to 
participate, leaving a final sample of 48 who completed a 
pre-test and were randomly assigned to either the experi-
mental or control group. Randomization was conducted 
using an internet-based program (Research Random-
izer) [17], assigning the participants to the experimental 
group (n=24) and control group (n=24).

The experimental group performed a lumbar stabiliza-
tion exercise program combined with respiratory resis-
tance training, whereas the control group performed only 
a lumbar stabilization exercise program. Each session in-
cluded a 5-minute warm-up and cooldown stretch, with 
approximately 45 minutes per session, thrice a week 
over six weeks. The program effectiveness was evaluat-
ed by taking QVAS, the Korean version of the Oswestry 
disability index (K-ODI), balance ability, Euro quality of 
life 5 dimension (EQ-5D) and pulmonary function test 
(PFT) measurements before and after the intervention. 
The research flowchart is shown in Figure 1.

Study interventions

Lumbar stabilization exercise program

The lumbar stabilization exercise provided to both 
groups was a modified and supplemented version of the 
intervention method reported by Park and Lee [13]. The 
lumbar stabilization exercise program included move-
ments designed to enhance deep muscle activation and 
promote balance and coordination of muscles surround-
ing the lumbar region: Curl-up, dead bug, bridge, and 
bridge with knee extension (Figure 2). Each movement 
was performed for 15 seconds, repeated 10 times per set, 
for three sets, with a 20 second rest between sets.

Lumbar stabilization exercise program using re-
spiratory resistance

The experimental group performed breathing resis-
tance training simultaneously with the lumbar stabiliza-
tion exercise program. Before the intervention, the par-
ticipants were provided with individualized respiratory 
resistance devices and were instructed on the operation 
and diaphragmatic breathing techniques. The respira-
tory resistance device (Expand-a-Lung, Miami, USA) 
consisted of a silicone mouthpiece and a main body that 
allowed airflow control, introducing resistance during 
inhalation and exhalation to strengthen the respiratory 
muscles.

During training, the resistance level was adjusted to 
maintain a rating of perceived exertion of 14 or lower, 
and participants were pre-informed about possible symp-
toms such as dizziness, nausea, vomiting, or difficulty 
breathing [18]. Medical equipment for monitoring body 
temperature, pulse, respiration, and blood pressure was 
prepared to cease intervention for adverse symptoms.

Assessment methods 

Pain

The pain level of the participants before and after the 
intervention was assessed using the QVAS. This tool 
included four items: 1) Current pain, 2) Usual pain, 3) 
Least pain and 4) Worst pain. Each item was scored on a 
scale from 0 cm, indicating no pain, to 10 cm, indicating 
the most severe pain. The average score of the four items 
was calculated to quantify the pain levels. This tool had 
an intrarater reliability of r=0.76–0.84, indicating a high 
level of reliability [19].

Functional ability

The level of functional disability before and after the 
intervention was measured using the K-ODI. This ques-
tionnaire comprised 10 items, with higher scores indi-
cating greater functional disability. The item on sexual 
activity was excluded, reflecting the cultural consider-
ations in Korea, leaving nine items with a maximum 
score of 45. The K-ODI demonstrated high test, re-test 
reliability (r=0.92) [20]. Additionally, its content validity 
was confirmed through the content validity index (CVI) 
and content validity ratio (CVR), while internal consis-
tency was assessed using the Cronbach α.

Balance ability

The participants’ balance ability was assessed using 
the Berg balance scale (BBS) before and after the in-
tervention. The BBS measures static and dynamic bal-
ance, comprising 14 items across three domains: Sitting, 
standing, and posture changes. Each item was rated on 
a 5-point scale from 0 to 4, with a maximum total score 
of 56. The BBS demonstrated excellent reliability, with 
an intrarater reliability of r=0.99 and interrater reliabil-
ity of r=0.98 [21]. Its validity was supported by the CVI 
and CVR, and internal consistency was confirmed with 
a high Cronbach α score.

Quality of life

The participants’ quality of life was evaluated before 
and after the intervention using the EQ-5D, a widely 
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used tool in healthcare. This instrument assesses five 
domains: Self-care, mobility, usual activities, anxiety/
depression, and pain/discomfort. Each domain is rated at 
three levels to reflect health status, with the EQ-5D dem-
onstrating high reliability (r=0.87) [22]. The CVI and 
CVR have supported their validity, while internal con-
sistency was confirmed with a high Cronbach’s α score.

Pulmonary function

The MicroQuark device (COSMED, Rome, Italy) 
assessed the pulmonary function after inputting each 
participant’s sex, age, and physical characteristics. The 
measurements were taken with the participants stand-
ing upright, their noses pinched, and biting down on the 
mouthpiece attached to the MicroQuark. 

After maximal inhalation and forced exhalation, the to-
tal amount of emitted air is assigned as the forced vital 
capacity (FVC), and forced expiratory volume (FEV) for 
1 s was set as FEV1. The two values were then used to 
derive the FEV1/FEV ratio (FEV1%) and the amount of 
ventilated air for 15 s at the fastest speed was converted 
to the amount in one minute to determine the maximal 
voluntary ventilation (MVV). A physical therapist with 
substantial experience in pulmonary function testing as-
sessed three trials, and the values were used for analysis. 
A 10-minute break was allowed between each test.

Statistical analysis

Data were analyzed using SPSS software, version 21, 
IBM. The participants’ general characteristics are pre-
sented using descriptive statistics, including Mean±SD. 
The Shapiro-Wilk test was used to assess normality. A 
chi-square test was performed to analyze the partici-
pants’ gender, while a t-test was conducted to analyze 
the homogeneity of the other general characteristics and 

pre-test values. The independent samples t-test was used 
to compare the changes between the two groups before 
and after the intervention. The paired samples t-test was 
used to compare the changes in dependent variables be-
fore and after the intervention within groups. The statis-
tical significance level (α) was set at 0.05.

Results

Seven patients were excluded from the experimental 
and control groups because they refused to participate, 
and the data from the experiment (n=21) and control 
(n=20) groups were collected. The general characteris-
tics were similar in the two groups (Table 1).

QVAS, K-ODI, BBS and EQ-5D results showed no 
significant difference between the two groups before the 
intervention. However, both groups showed significant 
improvement after the intervention (P<0.05). Further-
more, the experimental group showed better results in 
QVAS, K-ODI, BBS and EQ-5D scores than the control 
group (P<0.05) (Table 2).

The FVC, FEV1 and MVV values were similar in the two 
groups before the intervention. A significant difference in 
the FVC, FEV1 and MVV was observed in the experi-
mental group before and after the intervention (P<0.05). 
Also, a significant difference in the level of change was 
noted between the two groups (P<0.05) (Table 2).

Discussion

This study examined the effects of a lumbar stabiliza-
tion exercise program using the respiratory resistance on 
pain, motor function, psychosocial factors, and respira-
tory function in patients aged 65 and older with LBP. 
The results revealed significant differences in the QVAS, 
K-ODI, BBS and EQ-5D scores among all study par-

Table 1. Participants’ characteristics

Variables
Mean±SD

t/χ2 PExperimental Group 
(n=21) Control Group (n=20)

Sex (M/F) 11/9 12/8 −0.312 0.757

Age (y) 67.55±2.31 66.9±2.65 0.827 0.413

Height (cm) 165.5±6.2 166.65±5.26 −0.632 0.531

Weight (kg) 71.2±7.38 72.9±5.61 −0.82 0.418

BMI (kg/m2) 26.09±3.39 26.35±2.86 −0.25 0.804
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Table 2. Comparing before and after the intervention between the two groups

Variables
Mean±SD

t(P)
Experimental Group (n=21) Control Group (n=20)

QVAS 

Pre-test 6.75±0.67 6.51±0.51
1.257(0.216)

Post-test 4.68±0.67 4.86±0.53

Post-test, pre-test −2.08±0.52 −1.65±0.75
2.366(0.029)*

t(P) −17.846(0.0)* −9.844(0.0)*

K-ODI 

Pre-test 17.4±5.82 17.15±3.34
0.167(0.869)

Post-test 10.45±5.13 11.9±3.35

Post-test, pre-test −6.95±3.09 −5.25±1.92
3.157(0.005)*

t(P) −10.072(0.0)* −12.254(0.0)*

BBS

Pre-test 33±4.84 33.25±5.82
-0.148(0.883)

Post-test 43.25±3.97 39.15±5.21

Post-test, pre-test 10.25±5.86 5.9±2.67
-3.280(0.004)*

t(P) 7.827(0.0)* 9.869(0.0)

EQ-5D 

Pre-test 0.67±0.13 0.68±0.15
-0.165(0.870)

Post-test 0.78±0.08 0.78±0.11

Post-test, pre-test 0.12±0.07 0.09±0.07
-0.906(0.376)

t(P) 8.043(0.0)* 6.07(0.0)*

FVC (L)

Pre-test 3.07±0.28 3.12±0.24
−0.577(0.567)

Post-test 3.36±0.25 3.11±0.21

Post-test, pre-test 0.29±0.12 −0±0.1
−10.193(0.000)*

t(P) 10.766(0.0)* −0.088(0.931)

FEV1 (L)

Pre-test 2.66±0.34 2.64±0.32
0.255(0.800)

Post-test 3±0.28 2.64±0.29

Post-test, pre-test 0.34±0.19 0±0.06
−8.623(0.000)*

t(P) 8.106(0.0)* 0.192(0.85)

FEV1/FVC (%)

Pre-test 72.45±4.84 71.72±4.53
0.499(0.621)

Post-test 72.78±4.67 71.46±4.19

Post-test, pre-test 0.33±0.96 −0.25±1.1
−1.930(0.069)

t(P) 1.514(0.147) −1.002(0.329)

MVV (L/min)

Pre-test 79.64±8.76 78.93±8.33
0.263(0.794)

Post-test 87.09±8.47 79.99±7.96

Post-test, pre-test 7.45±4.28 1.06±2.73
−7.069(0.0)*

t(P) 7.776(0.0)* 1.738(0.098)

Abbreviations: QVAS: Quadruple visual analog scale; K-ODI: Korean version of the Oswestry disability index; BBS: Berg bal-
ance scale; EQ-5D: Euro quality of life 5 dimension; FVC: Forced vital capacity; FEV1: Forced expiratory volume for 1; FEV1/
FVC, FEV1/FEV ratio; MVV: Maximal voluntary ventilation. 

*P<0.05.
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ticipants. In addition, the experimental group that un-
derwent the lumbar stabilization exercise program using 
respiratory resistance exhibited significant differences in 
the changes observed in the QVAS, K-ODI, BBS, FVC, 
FEV1, and MVV.

Physical pain is one of the most commonly reported 
health issues among elderly individuals. Physical pain 
can lead to problems in motor function and physical, 
mental, and social issues [23]. Among these, LBP is a 
condition with a high prevalence, particularly requiring 
more management in the elderly population. Ge et al. 
[24] applied a core stability training program for four 
weeks to individuals aged 60 years and older with LBP, 
reporting significant improvement in pain levels (effect 
size: 1.72, P<0.05). Park et al. [10] examined women 
over 40 years with LBP, applying a stabilization exer-
cise program using respiratory resistance for four weeks, 
also noting a significant improvement in the pain levels 
(effect size: 5.21, P<0.05). All participants showed sig-
nificant improvement in the pain levels before and after 

the intervention (P<0.05). Furthermore, the experimen-
tal group that engaged in the lumbar stabilization exer-
cise program using respiratory resistance showed differ-
ences from the control group (effect size: 0.84, P<0.05). 
Hence, breathing exercises, such as deep breathing, may 
activate the parasympathetic nervous system, helping to 
relieve tension and decrease pain sensitivity.

Older adults aged 65 years and above commonly expe-
rience musculoskeletal weakness and decline in motor 
function. Training combined with respiratory resistance 
offers a relatively low-intensity exercise approach that 
can safely and effectively aid in pain management. Ge 
et al. [24]. implemented a four-week core stability train-
ing program for individuals aged 60 years and older with 
LBP, reporting significant improvements in functional 
disability (effect size: 1.47) and dynamic balance abil-
ity (effect size: 2.07, P<0.05). Seo and Lee [25] applied 
a four-week stabilization exercise program with whole-
body vibration in a population of individuals aged 75 
and above, observing significant improvements in the 

Figure 1. CONSORT flowchart
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static balance (effect size: −2.14) and dynamic balance 
(effect size: 1.27, P<0.05). Similarly, in this study, all 
participants showed significant improvement in the 
motor function levels before and after the intervention 
(P<0.05), and the experimental group who performed 
lumbar stabilization exercises using respiratory resis-
tance exhibited significant differences compared to the 
control group (K-ODI effect size: 1.27, BBS effect size: 
−2.32). These findings suggest that respiratory resistance 
training activates the abdominal and thoracic muscles, 
contributing to the stabilization of spinal muscles by 
strengthening deep muscles. In particular, respiratory 
training may play a key role in enhancing motor function 
in older adults, where muscle weakness affects posture 
and body stability.

Respiratory resistance training activates the para-
sympathetic nervous system through deep breathing, 
reducing stress and tension [26]. This activation pro-
vides psychological stability and may help to alleviate 
anxiety related to pain in elderly individuals with LBP 
[27]. Park et al. [10] reported that a stabilization exer-
cise program using respiratory resistance significantly 
improved the psychosocial aspects of physical activity 
(effect size: 3.02) and work (effect size: 2.87) in middle-
aged women with LBP (P<0.05). Similarly, this study 
revealed significant improvement in the psychosocial 
levels before and after the intervention among all par-
ticipants (P<0.05), even though no significant difference 

was found between the two groups (experimental group 
effect size: −0.45, control group effect size: −0.35). Al-
though respiratory resistance training and lumbar stabili-
zation exercises take different approaches, both exercise 
have a common positive impact on psychological states. 
For older adults, engaging in exercise promotes social 
interactions, improves confidence through participation 
in activities, reduces social isolation, and contributes to 
psychological stability.

Respiratory resistance training is essential for improv-
ing breathing efficiency and activating the muscles sur-
rounding the spine. In older adults, decreased respiratory 
function, reduced muscle strength, and diminished flex-
ibility can exacerbate LBP, highlighting a need for re-
spiratory resistance training as part of a comprehensive 
management approach [10, 12-14]. Park and Lee [13] re-
ported that a stabilization exercise program using respi-
ratory resistance significantly improved the respiratory 
function in patients with lumbar instability (FVC effect 
size: −0.23, FEV1 effect size: −0.23, MVV effect size: 
−0.88). In addition, Oh et al. [12] reported significant 
improvements in the respiratory function in middle-aged 
women with LBP who performed ADIM lumbar stabili-
zation exercises with respiratory resistance (FVC effect 
size: −0.52, FEV1 effect size: −0.35, MVV effect size: 
−1.14). Similarly, in this study, only the experimental 
group performing lumbar stabilization exercises using 
respiratory resistance showed significant improvements 

Figure 2. Stabilization exercise program using respiratory resistance 
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in the respiratory function (FVC effect size: −1.09, 
FEV1 effect size: −1.09, MVV effect size: −0.86). This 
finding suggests that training with respiratory resistance 
enhances the respiratory muscle strength, increases the 
oxygen supply capacity of the body and improves meta-
bolic efficiency. Consequently, oxygen utilization during 
exercise becomes more efficient, enhancing respiratory 
endurance and control.

This study examined the qualitative effects of a lum-
bar stabilization exercise program using respiratory re-
sistance on older adults with LBP aged 65 and above. 
The program provides multiple benefits, including pain 
management through muscle strengthening and re-
laxation, improved motor function through enhanced 
physical abilities, decreased stress and anxiety through 
psychosocial benefits and enhanced respiratory func-
tion. Nevertheless, some limitations should be consid-
ered. First, the participant characteristics require further 
consideration. As the average age of the participants was 
67 years, variations in respiratory improvement may oc-
cur depending on age, gender, and the severity of LBP. 
This condition highlights the need for additional studies 
on a broader patient population. Second, the long-term 
effects of the program require further examination. Re-
spiratory resistance training may temporarily improve 
respiratory function; additional research is needed to de-
termine if these improvements are sustained over time. 
Future studies that address these limitations would pro-
vide more effective and individualized exercise methods 
for patients with diverse types of LBP. Hence, this could 
help patients achieve better treatment outcomes, ulti-
mately contributing to an improved quality of life.

Conclusion

This study examined the effects of a lumbar stabiliza-
tion exercise program using respiratory resistance on 
pain, motor function, psychosocial factors, and respira-
tory function in patients aged 65 and older with LBP. 
The findings suggest that the experimental group, who 
participated in lumbar stabilization exercises using respi-
ratory resistance, showed significant improvements in 
their pain levels, motor, and respiratory functions. Based 
on these results, the lumbar stabilization exercise pro-
gram incorporating respiratory resistance can effectively 
reduce pain, enhance motor function, and improve respi-
ratory function in patients aged 65 and older with LBP.
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