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ABSTRACT

Purpose. Lumbar instability (LI) is a common cause of mechanical low back pain. Four primary muscle groups, including

the abdominal, back, respiratory, and pelvic floor muscles, contribute to lumbar stability. Although previous studies have reported

reduced strength in the abdominal and back muscles among individuals with LI, respiratory muscle, which plays a crucial

role in spinal stability, remains largely unexplored in this population and has not been compared across patients with chronic

low back pain (CLBP) and healthy individuals. Therefore, this study aimed to examine the strength and endurance of the

respiratory muscles in individuals with CLBP, those with LI, and healthy controls.

Methods. 120 participants who met the inclusion criteria were recruited and divided equally into three groups: healthy

individuals, CLBP, and LI groups. The outcome measurements included (i) inspiratory and (ii) expiratory muscle strength,

measured as maximum inspiratory pressure (MIP) and maximum expiratory pressure (MEP), both reported in cm H,O;

and (iii) respiratory muscle endurance, measured as maximum voluntary ventilation (MVV) using a spirometer and reported

in litres per minute (1/min).

Results. The results revealed that MIP in the LI group was significantly lower compared to both the CLBP group (p = 0.04)

and the healthy group (p < 0.001), whereas MEP showed no significant difference across the three groups. MVV showed

significant differences between the LI group and the healthy group (p-value = 0.02).

Conclusions. Patients with lumbar instability exhibit reduced respiratory muscle strength, highlighting the importance of

identifying this subgroup and prioritising respiratory muscle training alongside core strengthening in rehabilitation.

Key words: chronic low back pain, respiratory pressure meter, spirometry, core stability, physical therapy intervention
Introduction physical examinations, x-ray imaging, and lumbar in-

stability questionnaires [5, 8, 9].

Lumbar instability (LI) is classified as a type of me-
chanical low back pain (LBP) and has been the focus
of numerous studies investigating its diagnosis, prev-
alence, risk factors, involvement of other structural
impairments, and effective treatments and exercises
[1-7]. This interest may be due to its frequent associa-
tion with the current LBP, which can negatively affect
work productivity and quality of life [2, 5]. The reported
prevalence of LI ranges from 13% to 75%, based on

Classical theory suggests that LI arises from dys-
function in at least one of three subsystems: the pas-
sive subsystem, the active subsystem, and the neural
control subsystem [10]. Traditionally, diagnosis has
relied on radiographic assessment, which primarily
reflects impairments in the passive subsystem [11, 12].
However, recent studies have increasingly emphasised
the roles of the active and neural control subsystems
[13, 14]. The active subsystem includes muscles that
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contribute to spinal stability, such as the abdominal
and back muscles, pelvic floor muscles, and respira-
tory muscles [15].

Trunk muscle function in individuals with LI as-
sociated with disc degeneration, as detected by mag-
netic resonance imaging, has been extensively studied.
Silfies et al. [16] used electromyography during a stand-
ing reach test and found that LI patients exhibited
increased activation of superficial trunk muscles (ex-
ternal oblique and rectus abdominis) and a reduced
deep-to-superficial muscle activation ratio (internal
oblique versus rectus abdominis), indicating altered
neuromuscular control. Later, Silfies et al. [13] reported
delayed activation of the multifidus and erector spi-
nae muscles in LI patients during a self-initiated arm
perturbation task. Similarly, Davarian et al. [14] ob-
served reduced trunk extensor strength and endurance
in individuals with LI compared to those with CLBP.
Collectively, these findings suggest that LI is character-
ised by reduced trunk muscle strength, delayed activa-
tion of deep trunk muscles, and increased activation of
superficial trunk muscles, which may disrupt normal
spinal movement patterns and contribute to symp-
toms during physical activity [13-17].

Respiratory muscles, particularly the diaphragm,
also contribute to trunk stability. Beyond their primary
role in respiration, the diaphragm and associated res-
piratory muscles stabilise the spine by generating intra-
abdominal pressure [15, 18]. Evidence regarding respir-
atory muscle function in individuals with LBP remains
inconsistent. Mohan et al. [19] reported no significant
differences in respiratory muscle strength or endur-
ance compared to healthy controls, whereas Shah et al.
[20] observed reduced respiratory muscle endurance
in LBP patients relative to healthy subjects. Similarly,
Janssens et al. [21], using inspiratory muscle loading
protocols, demonstrated more rapid fatigue of the dia-
phragm and other inspiratory muscles in individuals
with LBP. These discrepancies may reflect methodo-
logical differences or the heterogeneity of CLBP popu-
lations.

Notably, Bunphrom et al. [22] investigated dia-
phragm excursion and thickness using real-time ul-
trasound imaging in patients with CLBP and LI. They
reported reductions in both diaphragm excursion and
thickness in LI patients. To date, this remains the only
study confirming such impairments in this population,
highlighting the need for further investigation.

Although numerous studies have investigated res-
piratory muscle function in CLBP patients compared
to healthy individuals [20, 21], many have interpreted
their finding through the lens of LI, even when the par-

ticipants were broadly classified as having CLBP. More-
over, existing research has primarily focused on the
function of back and abdominal muscles in patients
with LI. Despite the crucial role of respiratory muscles
in trunk stability, their strength and endurance have
not been specifically examined in this population.

Therefore, assessing the strength and endurance of
respiratory muscles is essential for informing man-
agement strategies in patients with LI. Understanding
how these parameters differ among individuals with
CLBP with and without LI, as well as healthy individu-
als, is crucial. Accordingly, the present study aimed to
compare the strength and endurance of respiratory
muscles among these three groups.

We hypothesised that individuals with LI would ex-
hibit significantly lower respiratory muscle strength
and endurance compared to CLBP and healthy groups.
The findings are expected to provide valuable insights
for optimising treatment approaches and developing
specific recommendations for this population.

Material and methods
Study design

The study took place at the BNOJPH Laboratory,
Faculty of Associated Medical Sciences, Khon Kaen
University, between September 2023 and March 2025.
All participants were informed of the study protocol
and provided written informed consent prior to par-
ticipation.

Participants

Participants included healthy individuals and in-
dividuals with CLBP. The sample size was calculated
by comparing means across more than two groups [23],
using parameters derived from a pilot study with 22
participants per group. The formula: sample size = was
used, where =2.41 for a three-group comparison, = 0.84
for 80% power, = 22.01, and = 15.98. Based on these
values, the required sample size was 37 participants
per group.

Inclusion criteria were: aged 20-59 years, LBP last-
ing more than 3 months with a pain intensity score of
3 to 7 on the visual analogue scale (VAS) [24], and
healthy individuals with no history of LBP in the past
six months. Exclusion criteria included pregnancy,
body mass index (BMI) greater than 30 kg/m?, chronic
respiratory diseases (e.g., chronic obstructive pulmo-
nary disease, asthma, pulmonary hypertension), neuro-
muscular disorders (e.g., peripheral neuropathy, spinal

929

Human Movement, Vol. 27, No 1, 2026



HUMAN MOVEMENT

T. Chatprem et al., Respiratory muscle strength and endurance

cord injury, myopathy, motor neuron disease), history
of pelvic injury, or severe pathological spinal condi-
tions (e.g., scoliosis or spondylolisthesis). Participants
reporting a pain score greater than 7 on the VAS during
testing were withdrawn from the study. Figure 1 pre-
sents a flow diagram of the participant progression
throughout the study.

Group classification and screening process

Participants with no history of LBP in the past six
months were classified as the healthy group. Partici-
pants with CLBP were further divided into two groups:
the CLBP group and the LI group, based on the lum-
bar instability questionnaire and three clinical tests.
Thresholds for these assessments were determined
via x-ray imaging. The lumbar instability question-
naire demonstrated a sensitivity of 100% and a speci-
ficity of 26% [2]. A positive result on all three clinical
tests yielded a 67% probability of identifying LI in
CLBP patients [3].

CLBP who scored > 7/14 on the lumbar instability
questionnaire [2] and showed positive results on all
three clinical tests (interspinous gap change during
flexion-extension, passive accessory intervertebral
movement tests (PAIVMs), and posterior shear test)

[3] were classified into the LI group. Participants scor-
ing < 7/14 and not positive on all three clinical tests
were classified into the CLBP group. The group classi-
fication was performed by researcher AL, who was not
involved in outcome measurements.

Pulmonary function was assessed using spirom-
etry (Vyntus™ SPIRO, Vyaire Medical, Germany) to
exclude participants with pulmonary diseases. Re-
searcher SP conducted the assessment using the forced
vital capacity (FVC) manoeuvre in accordance with
the American Thoracic Society (ATS) and European
Respiratory Society (ERS) guidelines [25]. Participants’
details (age, height, sex, and ethnicity) were entered
into the spirometer’s software. The spirometry software
automatically generated FVC, forced expiratory vol-
ume in the first second (FEV1), FEV1/FVC, and peak
expiratory flow (PEF), which were interpreted using
Thai-specific reference values [26]. If all three trials
satisfy the predefined acceptability and reproducibility
criteria, and the best-performing trial was selected
for subsequent analysis.

Outcome measurement

The overall respiratory muscles, including the dia-
phragm, intercostal muscles, abdominal muscles, and

Individuals aged 20-59 years with chronic low back pain
(n=95) and healthy controls (n=40) were mcluded

1

Screening process of chronic low back pam participants
(n=95)

- Lumbear instability questionnaire

- Three clinical tests (interspinous gap change, posterior
shear test, passive assessory intervertebral movements)

- Spirometry assessment

Excluded (n=15)
- One or two clinical
tests positive

Healthy group (n=40) Chronic low back pain group (n=40) Lumbar instability group (n=40)

- Lumbar instability questionnaire
<7/13 score
- Three clinical tests negative

- Lumbar instability questionnaire
=>7/13 score
- Three clinical tests positive

I I

Respiratory muscle
endurance and strength tests

Respiratory muscle

endurance and strength
tests

! l I

| Analysed (1=40) | | Analysed (n=40) | | Analysed (n=40)

Respiratory muscle
endurance and strength tests

Figure 1. Participant flow diagram
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accessory muscles of respiration, were assessed for both
strength and endurance [27]. Maximal inspiratory
pressure (MIP), maximal expiratory pressure (MEP),
and maximal voluntary ventilation (MVV) were report-
ed as observed values rather than predicted values be-
cause participants did not have pulmonary disorders.

Respiratory muscle strength

Respiratory muscle strength was measured using
a respiratory pressure meter (MicroRPM, Micro Med-
ical, United Kingdom), recorded in cm H,O. During
the MIP and MEP assessment, participants were in-
structed to hold the device with both hands, seal their
lips around the mouthpiece, and wear a nose clip to
prevent air leakage.

For the MIP measurement, participants exhaled
fully to residual volume (RV) before inhaling forcefully
for 1 s against the device’s resistance. For the MEP
measurement, participants inhaled fully to total lung
capacity (TLC) and then exhaled forcefully for 1 sagainst
the device. Each measurement was repeated three
times, ensuring values differed by no more than 5% [28].
The highest value was recorded for further analysis.
Testing was performed by researcher PT, who was
blinded to the group allocation.

Respiratory muscle endurance

Endurance of the respiratory muscles was assessed
via MVV using spirometry (Vyntus™ SPIRO, Vyaire
Medical, Germany). Participants breathed as deeply
and rapidly as possible for 12 s following ATS guide-
lines [25]. MVV value was expressed in litres per min-
ute (I/min). Testing was conducted by researcher SP,
who was blinded to the participants’ group allocation.

Statistical analysis

Data were analysed using SPSS version 29. Base-
line characteristics of the participants were presented
as mean values with standard deviations for the con-
tinuous variables and as frequencies and percentages
for the categorical variables. The Shapiro-Wilk test was
selected to assess the normality of the data. Differences
in respiratory muscle strength and endurance among
the three groups were analysed using one-way ANOVA
with Least Significant Difference (L.SD) post-hoc tests.
A p-value of less than 0.05 was considered statisti-
cally significant.

Results
Baseline characteristics

Table 1 summarises the baseline characteristics of
the participants across the three groups. A statistically
significant difference in pain score, measured by VAS,
was observed between the CLBP group and the LI group
(p-value < 0.001). No significant difference was found
in pain duration (months) between these two groups.
Participants in all three groups reported various un-
derlying conditions, including allergies, hypertension,
dyslipidemia, and diabetes mellitus. One participant
in the CLBP group also reported a history of systemic
lupus erythematosus (SLE).

Regarding lung function, no participants reported
any pulmonary disease and there were no statistically
significant differences in lung function among the
three groups.

Comparison of respiratory muscle strength and
endurance

Comparison of respiratory muscle strength revealed
statistically significant differences in MIP between
the healthy and LI group (p-value < 0.001), as well as
between the CLBP and LI group (p-value < 0.04). For
respiratory muscle endurance, measured by MVV,

20 &
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CLBPLI
* *
[ healthy ‘
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=
15 I
o
> 80 1 I I I
S I I
s
5
£ 60
(]
=
o
L
= 40
el
C
[y
a
= 20

0

MIP MEP MVV

MIP — maximum inspiratory pressure, MEP — maximum expiratory
pressure, MVV — maximum voluntary ventilation, CLBP — chronic
low back pain, LI — lumbar instability

* statistically significant differences (p-value < 0.05)

Figure 2. Comparison of respiratory muscle strength and
respiratory muscle endurance among the three groups
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Table 1. Participant baseline characteristics (value represents number shown as percentage unless otherwise indicated)

. Healthy grou CLBP grou LI grou
Characteristics (n =y 4g0) P (n= i 0) P (ni 4 0§)
Age range (years)

20-29 6 (15.00) 7 (17.50) 6 (15.00)
30-39 7 (17.50) 6 (15.00) 8 (20.00)
40-49 8 (20.00) 8 (20.00) 6 (15.00)
50-59 19 (47.60) 19 (47.50) 20 (50.00)
Sex
male 2 (5.00) 6 (10.00) 3 (7.50)
female 38 (95.00) 34 (85.00) 37 (92.50)
Body mass index (kg/m?)
<18.50 1 (2.50) 1 (2.50) 2 (5.00)
18.50-24.90 26 (65.00) 21 (52.50) 26 (65.00)
25.00-29.90 12 (30.00) 18 (2.50) 12 (30.00)
>29.90 1 (2.50) - -
Pain score (visual analogue scale) - 4.50 = 1.45 5.51 + 1.30*
Pain duration (months) - 50.77 + 44.49 52.72 + 35.72
Education level
primary education 7 (17.50) 8 (20.00) 8 (20.00)
high school 19 (47.50) 12 (30.00) 8 (20.00)
higher vocational certificate 3 (7.50) 3 (7.50) 5(12.5)
bachelor’s degree 10 (25.00) 11 (27.50) 15 (37.50)
master’s degree 1 (2.50) 4 (10.00) 4 (10.00)
doctoral degree - 2 (5.00) -
Underlying disease
yes 4 (10.00) 9 (22.50) 9 (22.50)
no - - -
Pulmonary function test
FVC 2.66 + 0.49 2.82 + 0.67 2.65 + 0.50
FEV, 2.34 + 0.60 2.41 + 0.58 2.31 + 0.44
FEV,/FVC 89.35 + 8.36 87.13 + 5.98 89.04 + 5.38
PEF 5.67 £ 1.67 5.66 + 1.45 5.33 +1.30

FVC - forced vital capacity, FEV1 - forced expiration volume in the first second, PEF - peak expiratory flow,
CLBP - chronic low back pain, LI - lumbar instability
* statistically significant (p-value < 0.001) from the CLBP group

Table 2. Comparison of respiratory muscle strength and respiratory muscle endurance for the three groups

. Healtlly group CLBIz group LI group
Variable (n = 40) (n =40) (n = 40) mean + SD
mean = SD mean *+ SD B
MIP (cm H,0) 103.72 + 26.10 92.72 + 26.84 81.30 + 22.39**b*
MEP (cm H,0) 84.12 + 22.12 84.60 + 21.65 77.60 = 18.77
MVYV (I/min) 90.27 + 25.94 84.12 + 22.68 76.10 = 20.27°*

MIP - maximum inspiratory pressure, MEP — maximum expiratory pressure, MVV - maximum voluntary ventilation,
CLBP - chronic low back pain, LI - lumbar instability
* p-value < 0.05, ** p-value < 0.001

“ statistically different from healthy group, " statistically different from CLBP group, © statistically different from healthy group
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a statistically significant difference was observed be-
tween the healthy and LI group (p-value = 0.007).
These findings are summarised in Table 2 and illus-
trated in Figure 2.

Discussion

This study is the first to compare respiratory muscle
strength and endurance among individuals with CLBP,
those with LI, and healthy individuals. The findings
revealed that participants with LI had significantly
lower inspiratory muscle strength compared to both
those with CLBP and healthy participants. Addition-
ally, LI participants exhibited lower respiratory mus-
cle endurance than healthy individuals.

Participants in this study included healthy indi-
viduals with no history of LBP in the past six months,
individuals with CLBP lasting at least three months,
and individuals with LI. Participant ages were controlled
across groups, as age is known to influence degenera-
tive changes in the lumbar spine [5]. Baseline analy-
sis revealed a significant difference in pain intensity
between the CLBP and LI groups, but no significant
difference in pain duration. Pulmonary function tests
showed no evidence of respiratory impairment in any
group, with an average FEV1/FVC ratio of 88.51% [25].

The significant reduction in inspiratory muscle
strength observed in LI participants may be explained
by altered trunk muscle activation patterns associated
with LL These include delayed activation of deep trunk
muscles [13], a decreased ratio of deep to superficial
abdominal muscle activity [16], and reduced back mus-
cle strength [14], which are more pronounced in LI
than in general CLBP. Our finding suggests that in-
spiratory muscle weakness in LI reflects broader im-
pairments in core muscle function. This aligns with
previous reports that postural changes such as transi-
tioning from sitting to standing or turning while supine
often exacerbate pain in LI patients due to insufficient
intra-abdominal pressure generation [2]. Consequently,
the LI group in our study demonstrated significantly
higher pain scores than the CLBP group, likely due to
the cumulative stress on the lumbar spinal segment
from inadequate core muscle function.

Our results are supported by previous studies ex-
amining the role of inspiratory muscle strength in CLBP
management. Janssens et al. [29] reported that high-
intensity inspiratory muscle training improved res-
piratory muscle strength and reduced pain intensity in
individuals with CLBP. Similarly, Vicente-Campos et al.
[30] demonstrated that an eight-week progressive ab-
dominal gymnastics exercise program increased dia-

phragm thickness and MIP, while decreasing disa-
bility and pain scores in patients with CLBP.

Although the mean inspiratory muscle strength in
the CLBP group was lower than in the healthy individ-
uals, this difference was not statistically significant,
consistent with previous studies reporting similar res-
piratory muscle strength between healthy participants
and those with CLBP [19, 20].

Regarding respiratory muscle endurance, the LI par-
ticipants showed significantly lower MVV compared to
the healthy group, which is consistent with the find-
ings by Shah et al. [20] in patients with CLBP. As pre-
viously noted, impairments in LI involve multiple core
muscle groups that are functionally interconnected and
act synergistically to maintain trunk stability [31].
Reduced strength in these muscles likely compromises
overall endurance and increases the susceptibility to
fatigue. While the CLBP group exhibited slightly lower
endurance than the healthy group, this difference did
not reach statistical significance.

This study provides valuable clinical insights; how-
ever, some limitations should be noted. First, although
our outcome assessment followed ATS and ERS pro-
tocols, test-retest reliability was not evaluated, limiting
confidence in rater consistency. Second, participants
were not stratified by sex at enrolment, resulting in
a higher proportion of female participants; therefore,
the finding may primarily reflect female responses
and limit the generalisability to males. Third, the re-
liability of the three clinical tests used for group al-
location was not assessed, reducing confidence in the
reproducibility of group classification. Finally, the cross-
sectional design limits the ability to infer causal rela-
tionships.

Conclusions

Our findings partially support the study hypothesis,
as patients with LI exhibited lower inspiratory muscle
strength compared to both healthy individuals and
those with CLBP. Respiratory muscle endurance was
also reduced in patients with LI relative to healthy
controls. These results highlight that patients with LI
exhibit greater respiratory muscle weakness than those
with CLBP, underscoring the need for interventions
that emphasise core muscle training, particularly tar-
geting the respiratory muscles. Such interventions may
improve trunk stability and potentially prevent further
structural compromise.
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