Original paper
DOI: 10.37190/abb/214209

Acta of Bioengineering and Biomechanics
Vol. 27, No. 4, 2025

S sciendo

Pain, function, contractile properties,
and spinal kinematics in adult females

with and without non-specific chronic low back pain:
a comparative and correlational study
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Purpose: The purpose of this study was to compare pain levels, functional impairment, contractile properties of the erector spinae
and spinal kinematics in females with and without non-specific chronic low back pain (NSCLBP), and to examine the interrelationships
among these variables. Methods: All participants were assessed for pain levels and functional impairment. Tensiomyography was used to
evaluate the contractile properties of the erector spinae, and all participants were assessed for spinal kinematics during a lift task. An
independent ¢-test was performed to compare all variables between the control group and the NSCLBP group, and the Pearson correlation
coefficient analysis was performed to examine the relationships among all variables. Results: We found significant differences between
groups in pain levels, functional impairment, maximal radial muscle displacement, contraction velocity, and lumbar extension and rota-
tion angles. Additionally, Pearson correlation analysis revealed a significant positive correlation between pain levels, functional impair-
ment, and the lumbar extension angle, and a significant negative correlation was found between maximal radial muscle displacement and
both pain levels and functional impairment. Conclusions: This study identified differences in pain level, functional impairment, contrac-
tile properties of erector spinae and spinal kinematics based on NSCLBP presence, along with correlations among these variables. Fur-
ther research should explore other functional motor tasks.

Key words: non-specific chronic low back pain, erector spinae, muscle contractile properties, spinal kinematics, function

such as infection, tumor, osteoporosis, fracture or struc-
tural deformity [3]. Furthermore, NSCLBP may lead to
functional alterations in the musculoskeletal system,

1. Introduction

Low back pain (LBP), one of the leading causes of
musculoskeletal disorders worldwide, is a significant
health issue that affects up to 80% of individuals at some
point in their lives and can have substantial economic
repercussions [36]. Non-specific chronic low back pain
(NSCLBP) is characterized by pain lasting more than
12 weeks without an identifiable underlying pathology,

potentially resulting in abnormal movement patterns,
persistent pain and functional limitations [25]. Due to
its complex and multifactorial nature, NSCLBP remains
challenging to diagnose accurately, often leading to in-
adequate or suboptimal treatment [13].

Patients with NSCLBP often encounter challenges in
maintaining lumbopelvic stability during lifting task,
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which involve trunk flexion and extension [30]. Specifi-
cally, in patients with NSCLBP, compensatory exces-
sive muscle guarding through co-contraction of the lum-
bopelvic muscles occurs due to impaired lumbopelvic
stability, which serves as a key factor in maintaining
chronic low back pain by reducing trunk movement
efficiency and inducing continuous stress [35]. These
inefficient movement patterns can result in overacti-
vation and increased stiffness of the lumbar extensor
muscles [28].

Inefficient movement patterns in individuals with
NSCLBP are closely associated with impairment of the
flexion-relaxation phenomenon (FRP), a natural sup-
pression of erector spinae activity during trunk flexion
that contributes to spinal stability and reduces muscle
fatigue [10]. Impairment of the FRP can lead to exces-
sive tension and restricted range of motion in the lum-
bar muscles, resulting in structural changes such as
chronic low back pain, atrophy of the erector spinae,
fiber-type transformation, and intramuscular fat infil-
tration as well as functional alterations including mus-
cle fatigue, abnormal activation patterns, and reduced
neuromuscular control [5], [9], [11], [34].

To ensure appropriate diagnosis and intervention in
patients with NSCLBP, it is essential to clarify the inter-
relationships among pain levels, functional impairment,
the contractile properties of the erector spinae, and
inefficient trunk flexion—extension movement patterns.
Electromyography (EMG), which has been extensively
utilized in previous studies, is limited to capturing the
electrical activity of muscles and does not directly evalu-
ate mechanical properties such as contraction velocity
and stiffness [6], [26]. To overcome the limitations of
conventional research methods, it is essential to incorpo-
rate Tensiomyography (TMG). This non-invasive tool
allows for the quantitative assessment of muscle con-
tractile properties, including contraction time and maxi-
mal radial muscle displacement [8]. Furthermore, few
studies have examined the interrelationships among the
multidimensional factors of NSCLBP, encompassing
pain levels, functional impairment, the contractile prop-
erties of the erector spinae, and spinal kinematic vari-
ables during trunk flexion—extension movements.

Therefore, the primary objective of this study was
to compare and analyze pain levels, functional impair-
ment, static contractile properties of the erector spinae,
and spinal kinematics during lifting tasks between adult
females with and without NSCLBP. The secondary ob-
jective was to investigate the interrelationships among
these variables, thereby providing fundamental evidence
for designing rehabilitation exercise interventions aimed
at reducing pain and improving functional outcomes in
individuals with NSCLBP.

2. Materials and methods

2.1. Participants

This study employed a case-control design, deter-
mining that a total of 40 participants was necessary
based on a priori power analysis using G*Power ver-
sion 3.1.9.7 (Diisseldorf University, Diisseldorf, Ger-
many). This analysis utilized an independent #-test
(two-tailed, effect size d = 0.91, o= 0.05, power = 0.80)
as the reference. Accordingly, two groups of adult fe-
males aged 20-29 years were recruited: a control group
(n = 20) consisting of healthy individuals without LBP
and a NSCLBP group (n = 20) comprising of indi-
viduals with NSCLBP, characterized by the absence
of identifiable pathological causes and a current pain
score of 5 or higher on the visual analogue scale (VAS).
Exclusion criteria for the NSCLBP group included
individuals with a history of musculoskeletal or neu-
rological disorders, those who had undergone surgery
within the past three months, individuals with or-
thopedic conditions that may interfere with partici-
pation in the experiment, and those diagnosed with
specific chronic low back pain with identifiable patho-
logical causes. This study was approved by the In-
stitutional Review Board of Incheon National Uni-
versity (INUIRB No. 7007971-202108-005), and all
participants provided informed consent prior to data
collection.

2.2. Measurements

2.2.1. Index of pain
and functional disability

To assess the level of LBP in participants, the VAS
was utilized. The VAS consists of a 10 cm horizontal
line on which individuals indicate their perceived level
of pain. A mark exceeding 4 cm is considered indica-
tive of moderate to severe pain and has been recognized
as a valuable tool for diagnosing chronic low back pain
[33]. Additionally, to evaluate the functional status of
patients with NSCLBP, who are known to experience
physical limitations, the Korean version of the Oswestry
Disability Index (KODI) was used. This questionnaire
assesses functional disability related to low back pain
across 10 domains and has demonstrated reliability and
validity for Korean patients through cross-cultural ad-
aptation [16].
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2.2.2. Contractile properties
of erector spinae

To evaluate the contractile properties of the erector
spinae, TMG was used under isometric conditions us-
ing the TMG-100 system (Electrostimulator, Ljubljana,
Slovenia). This non-invasive technique measures the
radial displacement of the muscle belly in response to
a single electrical stimulus ranging from 0 to 100 mA
[8]. TMG is recognized as a reliable and effective
method for assessing low back pain, overall muscle
contractile properties, and fatigue [24]. It provides both
spatial and temporal data on the radial displacement
of the muscle belly through variables such as maxi-
mal radial displacement (D,,), contraction time (7),
delay time (7,), sustain time (7}), and half-relaxation
time (7,) (Fig. 1).
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Fig. 1. Variables of tensiomyography: T, — delay time,
T. — contraction time, D,, — maximal radial muscle displacement,
T, — sustain time, 7, — half relaxation time

Fig. 2. Measurement of TMG

Participants were instructed to refrain from caffeine
intake, exercise, and myofascial release techniques for
24 to 48 hours prior to measurement [20]. All TMG
measurements were conducted by a single examiner
with over three years of experience. In addition, based

on the method described by Perotto et al. (2011), the
measurement site was marked on the muscle belly of the
erector spinae at its anatomical location, and the partici-
pants were positioned as shown in Fig. 2 during the
measurement. Two electrodes (50 x 50 mm, T.Y. Sherry
International Co., Ltd., Taiwan) were positioned with
a 5 cm inter-electrode distance. The intensity of electri-
cal stimulation and the interval between stimuli were
determined based on the protocol from a previous
study [20].

2.2.3. Box lift motion analysis

To analyze the box-lifting task, a total of eight mo-
tion capture cameras (6 Eagle and 2 Raptor-E systems,
Motion Analysis Corp., USA) were used, and based on
the Helen Hayes marker set, 41 reflective markers were
attached. These included 28 standard markers (excluding
the sacrum), three spinal markers placed on the 7th cer-
vical (C7), 12th thoracic (T12), and 2nd and 4th lumbar
vertebrae (L2 and 1.4) with three offset points between
them. Additionally, bilateral markers were positioned on
the posterior superior iliac spine (PSIS), greater tro-
chanter, and the top of the iliac crest (Fig. 3). In addi-
tion, for the kinematic analysis of the box-lifting task,
motion capture data were collected at a sampling rate
of 120 frames per second using motion analysis software
(Cortex 7, Motion Analysis Corp., USA). A box meas-
uring 41 cm in width, 31 cm in depth, and 28 c¢cm in
height was used with a load equivalent to 15% of each
participant’s body weight. All participants performed
dynamic stretching and warm-up exercises to prevent
injury prior to measurement. They received instructions
and practiced for the experimental task and completed
five trials, from which the average of the three most
successful performances was used to calculate the
kinematic variables. In this study, the events for the
analysis of the box-lifting task were defined as shown
in Fig. 4, and two force plates (9260AA, Kistler, Swit-
zerland) were used to identify Event 1 and Event 2 based

Fig. 3. Modified marker set
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on the maximum vertical ground reaction force during
the lifting movement.

Event 1. KMF Event 2. mvGRF

Fig. 4. Event: KMF — knee maximum flexion,
mvGRF — maximum vertical ground reaction force

2.3. Statistical analysis

All statistical analyses were performed using SPSS
version 28.0 (IBM, USA). The mean and standard de-
viation were calculated for each variable. To assess the
normality of the data, the Shapiro—Wilk test was per-
formed for all variables. An independent 7-test was used
to compare differences in VAS scores, KODI scores,
static contractile properties of the erector spinae, spinal
kinematic variables during the box-lifting task and maxi-
mum vertical ground reaction force. Additionally, Pear-
son correlation coefficient analysis was performed to
examine the relationships among pain levels, func-
tional impairment, static contractile properties of the
erector spinae and sagittal-plane lumbar kinematic vari-

ables during the box-lifting task. The significance level
for all statistical tests was set at p < 0.05.

3. Results

3.1. Results of participant
characteristics

As a result of participants characteristics, significant
between-group differences were found in pain period
(t =-5.338, p < 0.000). However, there were no signifi-
cant differences between groups in age (¢t = —0.877,
p = 0.386), height (t = —0.458, p = 0.649), weight (¢ =
—0.561, p =0.578) (Table 1).

3.2. Results of the pain
and functional disability index

As a result of analyzing pain and functional im-
pairment levels, significant between-group differences
were found in VAS (¢ =-24.778, p < 0.000) and KODI
(t=-17.764, p < 0.000) (Table 2).

3.3. Results of erector spinae
contractile properties

As a result of analyzing the static contractile prop-
erties of the erector spinae, no significant between-

Table 1. Characteristics of participants

Variables Control (n = 20) NSCLBP (n=20) t p
Age [years] 21.70 £2.08 2222+ 1.47 -0.877 0.386
Height [cm] 162.38 £5.90 163.12+4.24 —0.458 0.649
Weight [kg] 53.36 + 5.00 54.48 +7.40 —-0.561 0.578
Pain period [month] 0.00 + 0.00 46.90 £ 39.29 —5.338 <0.000*

Data are mean =+ standard deviation, * p <0.001.

NSCLBP — non-specific chronic low back pain, VAS — visual analogue scale, KODI — Korean Oswestry dis-

ability index.

Table 2. Results of the pain and disability index

Variables Control (n = 20) NSCLBP (n = 20) t p
VAS [cm] 0.35+0.81 6.80 +0.83 —24.778 <0.000*
KODI [%] 1.78 £ 1.99 34.89 +8.10 -17.764 <0.000*

Data are mean =+ standard deviation, * p <0.001.

NSCLBP — non-specific chronic low back pain, VAS — visual analogue scale, KODI — Korean Oswestry dis-

ability index.
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Table 3. Results of erector spinae contractile properties

Muscle Variables Control NSCLBP t )4
T. 15.47 £ 180 16.05 +3.10 -0.717 0.478
ES D,, 3.79+1.29 276 +£1.76 2.114 0.041*
V. 0.11+0.04 0.08 +0.05 2.048 0.048*

Data are mean + standard deviation, * p <0.05.

NSCLBP — non-specific chronic low back pain, ES — erector spinae, 7, — contraction time, D,, — maxi-

mum radial displacement, V.. — velocity of contraction.

group difference was found in 7. (¢ = -0.717, p =
0.478). However, significant differences were ob-
served in D, (¢t =2.114, p = 0.041) and V. (¢t = 2.048,
p =0.048) (Table 3).

3.4. Results of the kinematic variables
of the spine

As a result of analyzing spinal kinematics during the
box-lifting task, significant between-group differences
were observed in L2-L.4 extension and rotation at KMF
(extension: ¢t = —2.273, p = 0.031; rotation: ¢t = 2.212,
p = 0.033) and at mvGRF (extension: t = -2.213, p =
0.035; rotation: ¢ = 2.091, p = 0.043). However, no sig-
nificant differences were observed in the other kinematic
variables. Additionally, there were no significant be-
tween-group differences in peak vertical ground reac-
tion force across all events (Table 4).

3.5. Results of Pearson
correlation

As a result of the Pearson correlation coefficient
analysis, no significant correlations were found be-
tween D,, and the L2-L4 kinematic variables at any
event (KMF: r = —0.274, p = 0.087; mvGRF: » =
—0.288, p = 0.072). However, significant correlations
were identified between VAS and the L2-L4 kine-
matic variables at both events (KMF: r = 0.334, p =
0.035; mvGRF: r = 0.326, p = 0.040). For the KODI,
a significant correlation was observed only at the
KMF event (r = 0.313, p = 0.049), with no signifi-
cant correlation at mvGRF (» = 0.308, p = 0.053).
Additionally, significant correlations were found be-
tween D,, and VAS (r = —-0.344, p = 0.030), as well
as between D,, and KODI (r = -0.353, p = 0.026)
(Table 5).

Table 4. Results of kinematic and kinetic variables

Spine Event Kinematic variable Control NSCLBP t P
lateral flexion 0.99 +4.53 -0.73 £2.61 1.466 0.153
KMF extension -5.45+3.54 —5.72 £2.63 0.271 0.788
T12-12 rotation 2.16+3.11 2.89+4.45 -0.598 0.554
lateral flexion 0.85+4.62 -0.58 £2.65 1.199 0.238
mvGRF extension -5.46 £3.91 -5.53£2.87 0.057 0.955
rotation 2.09+3.11 2.41+435 -0.268 0.790
lateral flexion —0.80 +4.63 —1.14+4.51 0.239 0.812
KMF extension -2.57+3.90 2.09 +8.29 -2.273 0.031*
L4 rotation 8.87 £6.05 494 +5.14 2212 0.033*
lateral flexion —1.02+4.81 -1.30+4.76 0.185 0.854
mvGRF extension —2.64 £4.07 1.97 +8.37 -2.213 0.035%*
rotation 8.33£5.48 478 £5.26 2.091 0.043*
7 KMF 0.62+0.12 0.60 £ 0.03 0.922 0.362
z mvGRF 0.76 £0.13 0.72 +£0.03 1.563 0.133

Data are mean =+ standard deviation, * p < 0.05.

Direction. Lateral flexion, (+) — left, (—) — right; Extension, (+) — extension, (-) — flexion; Rotation, (+) — left, (-) — right.
NSCLBP — non-specific chronic low back pain, T — thoracic, L — lumbar, F,: ground reaction force of vertical, KMF — knee
maximum flexion, mvGRF — maximum vertical ground reaction force.
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Table 5. Results of Pearson correlation

Variables r p

D KMF -0.274 0.087
" mvGRF -0.288 0.072
L2-14 KMF 0.334 0.035%

VAS .
(extension) | mvGRF 0.326 0.040*
KMF 0.313 0.049*

KODI

mvGRF 0.308 0.053
D VAS -0.344 0.030*
" KODI -0.353 0.026*

Note. *p < 0.05.

D,, — maximum radial displacement, VAS — visual analogue
scale, KODI — Korean Oswestry disability index, KMF — knee maxi-
mum flexion, L — lumbar, mvGRF — maximum vertical ground reac-
tion force.

4. Discussion

This study aimed to compare and analyze the levels
of pain and functional disability, the static contractile
properties of the erector spinae and the kinematic vari-
ables of the spine during a box-lifting task, based on
the presence or absence of NSCLBP in adult females.
Additionally, the study sought to examine the correla-
tions among these variables. The results revealed sig-
nificant between-group differences in D,, (p = 0.041)
and V. (p = 0.048) of the erector spinae, while no sig-
nificant difference was observed in 7,. In the analysis
of the box-lifting task, significant between-group dif-
ferences were observed in the L2-L4 extension and
rotation joint angles at the KMF (p = 0.031 for exten-
sion; p = 0.033 for rotation) and mvGRF (p = 0.035 for
extension; p = 0.043 for rotation) time points. Pearson
correlation analysis indicated no significant correla-
tion between D,, of the erector spinae and the L2-L4
extension joint angle, whereas VAS and KODI (ex-
cept for mvGRF) were significantly correlated with the
L2-L4 extension joint angle. Furthermore, significant
correlations were observed between D,, of the erector
spinae and both VAS and KODI scores.

In the results concerning the static contractile prop-
erties of the erector spinae, no significant between-
group differences were observed in T,. T, refers to the
time required to reach 10% to 90% of D,, and is posi-
tively correlated with the proportion of Type I muscle
fibers [4]. Previous studies indicate that individuals
with NSCLBP tend to exhibit a shift toward Type 1
muscle fibers, which has been attributed to increased
neuromuscular activity, such as heightened paraspinal
muscle activation and elevated mechanical loading [1].
However, because the proportion of muscle fiber types

varies among individuals, muscular responses to identi-
cal external stimuli may differ, and the relationship
between pain and fiber-type transformation remains
unclear [1], [23]. This underscores the need for further
research to elucidate the association between NSCLBP
and muscle fiber characteristics. D,, was significantly
lower in the NSCLBP group compared to the control
group. D,, represents the maximum displacement during
muscle contraction, and it is known to decrease under
conditions of increased muscle tension and stiffness [29].
The erector spinae in individuals with NSCLBP have
been reported to exhibit excessive tension and stiffness
in the erector spinae, even at rest, due to abnormal acti-
vation [17]. Based on these findings, it is considered
that the significantly lower D,, value observed in the
NSCLBP group compared to the control group may
be attributed to such excessive tension and stiffness.
V., which reflects muscle contraction velocity and is
recognized as an important variable for assessing muscle
fatigue [18], was significantly lower in the NSCLBP
group than in the control group. This may indicate
a tendency toward slower muscle contraction in indi-
viduals with NSCLBP; however, it should be inter-
preted with caution because 7. did not differ between
groups and V. is mathematically derived from D,/T..
Therefore, the reduction in ¥, may primarily reflect the
smaller D,, observed in the NSCLBP group rather than
an actual slowing of contraction velocity. Neverthe-
less, chronic overactivation and fatigue of the erector
spinae in individuals with NSCLBP have been reported
to induce physiological adaptations such as a shift
toward Type I muscle fibers characterized by slower
contraction [21], [22]. Thus, these mechanisms may
partly contribute to the observed reduction in V,, al-
though further longitudinal or mechanistic studies are
needed to confirm this relationship.

In the analysis of the box-lifting task, greater L2-L4
extension angles were observed in the NSCLBP group
compared to the control group across all time points.
This indicates that individuals with NSCLBP lifted the
box with a more extended lumbar posture, in contrast to
the flexed posture exhibited by the control group. This
finding is consistent with previous studies that report
individuals with NSCLBP tend to adopt a more exten-
sion-dominant and stiffened movement strategy during
lifting tasks compared to controls [7], [27]. In patients
with NSCLBP, loss of the FRP occurs due to a combi-
nation of pain-avoidance behavior and impaired neu-
romuscular control, leading to a rigid movement strategy
that maintains lumbar extension through excessive acti-
vation of the erector spinae during trunk flexion [14],
[28]. Such movement control characteristics in individu-
als with NSCLBP may lead to a tendency to maintain an
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extended posture during actual lifting tasks, which may
explain the consistently increased L2-L4 extension an-
gles observed across all time points. Additionally, the
NSCLBP group demonstrated smaller rotation angles
compared to the control group at all time points. This
suggests that the NSCLBP group minimized transverse
plane movement during trunk flexion while lifting the
box. This finding is consistent with previous studies
reporting that the lumbar rotational range of motion
during trunk flexion is significantly reduced in the
NSCLBP group compared with the control group, and
that such reduction is associated with pain-avoidance
movement strategies linked to tension of paraspinal
tissues, muscle stiffness, and mechanical instability
[2], [12]. Additionally, the loss of FRP may further
restrict rotational movement by diminishing erector
spinae relaxation responses and promoting excessive
co-activation of surrounding spinal muscles during trunk
flexion [31]. These characteristics of NSCLBP may
explain why the NSCLBP group demonstrated smaller
rotation angles than the control group across all time
points.

Pearson correlation analysis revealed no signifi-
cant correlation between D,, of the erector spinae and
the L2-L4 extension joint angle. This finding suggests
that it is difficult to establish a clear relationship be-
tween D,,, a TMG-derived variable measured under
static conditions, and joint angle variables that reflect
complex neuromuscular control and coordination strate-
gies during dynamic movements. Indeed, D,, has been
reported to vary sensitively depending on dynamic con-
ditions and may not fully represent muscle function
during movement [19]. Consequently, D,, in this study
may have shown only a limited association with the
kinematic variables. A significant positive correlation
was observed between VAS, KODI (except for mvGRF
event), and the L2-14 extension joint angle. This posi-
tive correlation between VAS and the L2-1.4 extension
angle indicates that higher levels of pain are associ-
ated with an increased tendency toward lumbar exten-
sion. Individuals with higher pain levels may tend to
adopt a stiffer lifting pattern characterized by greater
lumbar extension and erector spinae activation [11].
However, this association should be interpreted as cor-
relational rather than causal, given the cross-sectional
nature of the study. Future longitudinal or interventional
studies are warranted to clarify the causal mechanisms
underlying this relationship. The positive correlation
between KODI and the L2-L4 extension angle indi-
cates that higher levels of functional disability are asso-
ciated with an increased tendency toward lumbar exten-
sion. The ODI is recognized as a measure that reflects
not only physical functional limitations but also psy-

chological factors such as fear-avoidance and anxiety
[32]. Individuals with higher levels of functional dis-
ability in NSCLBP tend to adopt a more rigid, exten-
sion-based strategy as a form of pain-avoidance be-
havior [15]. Consequently, the positive correlations
observed between VAS, KODI scores, and L2-1.4 ex-
tension angles in this study may suggest that higher
levels of pain and functional disability are associated
with the adoption of a rigid, extension-based move-
ment strategy. A significant negative correlation was
identified between D,, of the erector spinae and both
VAS and KODI scores. This finding suggests that
lower D,, values are associated with higher levels of pain
and functional disability, as decreased D,, may indi-
cate increased muscle tension or stiffness [29]. Previous
studies have shown that elevated levels of muscle ten-
sion and stiffness can be critical factors in the devel-
opment or persistence of pain and functional disability
[37]. These findings may explain the negative corre-
lations observed between reduced D,, values and both
VAS and KODI scores.

5. Conclusions

This study aimed to compare pain and functional
disability levels, static muscle contraction characteris-
tics of the erector spinae, and spinal kinematic variables
during a box-lifting in adult female with and without
NSCLBP. Additionally, the study sought to analyze the
correlations among these variables. The results indi-
cated that the NSCLBP group exhibited significantly
lower values of D,, and V, in the erector spinae com-
pared to the control group. Furthermore, during the box-
lifting task, the NSCLBP group demonstrated greater
L2-L4 extension angles and smaller rotation angles
than the control group across all time points. Pearson
correlation analysis revealed no significant correla-
tion between D,, and the L2-1.4 extension angle. How-
ever, a significant positive correlation was observed
between VAS, KODI (except for mvGRF event), and
the L2-L4 extension angle. Additionally, a significant
negative correlation was found between D,, and both
VAS and KODI scores. Future studies should incorpo-
rate a wider range of functional tasks commonly ob-
served in daily life to further investigate pain man-
agement and functional improvement strategies for
individuals with NSCLBP.

This study has some limitations. The sample included
only young adult females, which restricts the generaliz-
ability of the results. In addition, the cross-sectional de-
sign limits causal interpretation, and the static nature
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of TMG may not fully reflect dynamic muscle function.
Despite these limitations, the findings provide valuable
insights into the neuromuscular characteristics of indi-
viduals with NSCLBP.

Acknowledgements

The authors would like to thank all participants for their time
and commitment to this research.

Conflict of interests

The authors declare that they have no conflict of interest.

References

[1] AGTEN A., STEVENS S., VERBRUGGHE J., TIMMERMANS A.,
VANDENABEELE F., Biopsy samples from the erector spinae of
persons with nonspecific chronic low back pain display a de-
crease in glycolytic muscle fibers, Spine J, 2020, 20 (2), 199-206,
DOI: 10.1016/j.spinee.2019.09.023.

[2] ASGARI N., SANJARI M.A., ESTEKI A., Local dynamic stability
of the spine and its coordinated lower joints during repetitive
lifting: Effects of fatigue and chronic low back pain, Hum. Mov.
Sci., 2017, 54, 339-346, DOI: 10.1016/j.humov.2017.06.007.

[3] BALAGUE F., MANNION A.F., PELLISE F., CEDRASCHI C., Non-
-specific low back pain, The Lancet, 2012, 379 (9814), 482491,
DOI: 10.1016/S0140-6736(11)60610-7.

[4] CULAR D., BABIC M., ZUBAC D., KEZIC A., MACAN L., PEYRE-
-TARTARUGA L.A., CECCARINI F., PADULO J., Tensiomyography:
From muscle assessment to talent identification tool, Front.
Physiol., 2023, 14, 1163078, DOI: 10.3389/fphys.2023.1163078.

[5] DE CARVALHO D., MACKEY S., To D., SUMMERS A., FREY M.,
RoMME K., HOGG-JOHNSON S., HOWARTH S.J., 4 systematic
review and meta analysis of measurement properties for the
flexion relaxation ratio in people with and without non spe-
cific spine pain, Sci. Rep., 2024, 14 (1), 3260, DOI: 10.1038/
$41598-024-52900-z.

[6] FARINA D., MERLETTI R., ENOKA R.M., The extraction of neural
strategies from the surface emg, J. Appl. Physiol., 2004, 96 (4),
1486-1495, DOLI: 10.1152/japplphysiol.01070.2003.

[7] Fuir R., IMAT R., SHIGETOH H., TANAKA S., MORIOKA S.,
Task-specific fear influences abnormal trunk motor coordina-
tion in workers with chronic low back pain: A relative phase
angle analysis of object-lifting, BMC Musculoskelet. Disord.,
2022,23 (1), 161, DOI: 10.1186/s12891-022-05118-x.

[8] GARCIA-GARCiA O., CUBA-DORADO A., ALVAREZ-YATES T.,
CARBALLO-LOPEZ J., IGLESIAS-CAAMANO M., Clinical utility
of tensiomyography for muscle function analysis in athletes,
Open Access J. Sports Med., 2019, 49-69, DOI: 10.2147/
OAJSM.S161485.

[9] GOUBERT D., VAN OOSTERWIICK J., MEEUS M., DANNEELS L.,
Structural changes of lumbar muscles in non-specific low back
pain, Pain Physician, 2016, 19 (7), E985-E999, DOI: 10.36076/
ppj/2016.19.E985.

[10] GOUTERON A., MOISSENET F., TABARD-FOUGERE A., ROSE-
-DuLcINA K., GENEVAY S., LAROCHE D., ARMAND S., Relation-

ship between the flexion relaxation phenomenon and kinematics
of the multi-segmental spine in nonspecific chronic low back
pain patients, Sci. Rep., 2024, 14 (1), 24335, DOI: 10.1038/
s41598-024-72924-9.

[11] GOUTERON A., TABARD-FOUGERE A., BOURREDIEM A.,
CASILLAS J.M., ARMAND S., GENEVAY S., The flexion relaxation
phenomenon in nonspecific chronic low back pain: Prevalence,
reproducibility and flexion—extension ratios. A systematic review
and meta-analysis, Eur. Spine J., 2022, 31 (1), 136-151, DOI:
10.1007/s00586-021-06992-0.

[12] HAT A., WEISMAN A., MASHARAWI Y., Lumbar axial rota-
tion kinematics in men with non-specific chronic low back
pain, Clin. Biomech., 2019, 61, 192-198, DOI: 10.1519/
SSC.0000000000000699.

[13] HARTVIGSEN J., HANCOCK M.J., KONGSTED A., Louw Q.,
FERREIRA M.L., GENEVAY S., Hoy D., KARPPINEN 1J.,
PRANSKY G., SIEPER J., What low back pain is and why we
need to pay attention, Lancet, 2018, 391 (10137), 23562367,
DOI: 10.1016/S0140-6736(18)30480-X.

[14] HoDGES P.W., TUCKER K., Moving differently in pain: A new
theory to explain the adaptation to pain, Pain, 2011, 152 (3),
S90-S98, DOI: 10.1016/j.pain.2010.10.020.

[15] HwaNG U.J., KwoN O.Y., JUNG S.H., AuN S.H., Kim H.A.,
Predictors of pain intensity and oswestry disability index in
prolonged standing service workers with nonspecific chronic
low back pain subclassified as active extension pattern, Mus-
culoskelet. Sci. Pract., 2019, 40, 58-64, DOI: 10.1016/
j-msksp.2019.01.014.

[16] Kim D.Y., LEE S.H., LEe H.Y., LEe H.J.,, CHANG S.B.,
CHUNG S.K., Kim H.J., Validation of the korean version of the
oswestry disability index, Spine, 2005, 30 (5), E123-E127,
DOI: 10.1097/01.brs.0000157172.00635.3a.

[17] KocH C., HANSEL F., Chronic non-specific low back pain and
motor control during gait, Front. Psychol., 2018, 9, 2236,
DOI: 10.3389/fpsyg.2018.02236.

[18] LANGEN G., SANDAU I., UEBERSCHAR O., NosAka K.,
BEHRINGER M., Methodical approaches to determine the rate of
radial muscle displacement using tensiomyography: A scoping
review and new reporting guideline, J. Electromyogr. Kinesiol.,
2022, 67, 102702, DOI: 10.1016/j.jelekin.2022.102702.

[19] LaTELLA C., Ruas C.V., MEsQuIiTA R.N., Nosaka K.,
TAYLOR J.L., Test-retest reliability of elbow flexor contraction
characteristics with tensiomyography for different elbow joint
angles, J. Electromyogr. Kinesiol., 2019, 45, 26-32, DOLI:
10.1016/j.jelekin.2019.02.002.

[20] LEE H., Kim C., AN S., JEON K., Effects of core stabilization
exercise programs on changes in erector spinae contractile
properties and isokinetic muscle function of adult females with
a sedentary lifestyle, Appl. Sci., 2022, 12 (5), 2501, DOI:
10.3390/app12052501.

[21] Lee H., LEE S., Kim C., JEON K., 4 comparison of contractile
properties and acute muscle fatigue response in adult females
with non-specific chronic low back pain, Bioengineering,
2024, 11 (12), 1202, DOI: 10.3390/bioengineering11121202.

[22] LeEe H., LEE S., Kim C., JEON K., A comparison of contractile
properties of posterior chain muscles and trunk strength in fe-
males with non-specific chronic low back pain, J. Back Mus-
culoskelet. Rehabil., 2025, 10538127251316172, DOIL: 10.1177/
10538127251316172.

[23] Lour C., BRAUMANN K.M., REER R., SCHROEDER .,
ScuMIDT T., Reliability of tensiomyography and myoto-
nometry in detecting mechanical and contractile character-
istics of the lumbar erector spinae in healthy volunteers, Eur.



Pain, function, contractile properties, and spinal kinematics in adult females with and without non-specific chronic low back pain... 11

J. Appl. Physiol., 2018, 118, 1349-1359, DOI: 10.1007/
s00421-018-3867-2.

[24] Lonr C., BRAUMANN K.-M., REER R., SCHROEDER .,
ScHMIDT T., Reliability of tensiomyography and myotonometry
in detecting mechanical and contractile characteristics of the
lumbar erector spinae in healthy volunteers, Eur. J. Appl.
Physiol., 2018, 118 (7), 1349-1359, DOI: 10.1007/s00421-
018-3867-2.

[25] MOISSENET F., ROSE-DULCINA K., ARMAND S., GENEVAY S.,
A systematic review of movement and muscular activity bio-
markers to discriminate non-specific chronic low back pain pa-
tients from an asymptomatic population, Sci. Rep., 2021, 11 (1),
5850, DOI: 10.1038/541598-021-84034-x.

[26] NEBLETT R., BREDE E., MAYER T.G., GATCHEL R.J., What is the
best surface emg measure of lumbar flexion-relaxation for dis-
tinguishing chronic low back pain patients from pain-free con-
trols?, Clin. J. Pain., 2013, 29 (4), 334-340, DOI: 10.1097/
AJP.0b013e318267252d.

[27] NoLAN D., O’SULLIVAN K., NEWTON C., SINGH G., SMITH B.E,,
Are there differences in lifting technique between those with
and without low back pain?, SIPAIN, 2020, 20 (2), 215-227,
DOI: 10.1515/sjpain-2019-0089.

[28] O’SULLIVAN P., Diagnosis and classification of chronic low
back pain disorders: Maladaptive movement and motor con-
trol impairments as underlying mechanism, Man. Ther., 2005,
10 (4), 242-255, DOI: 10.1016/j.math.2005.07.001.

[29] PARK S., Theory and usage of tensiomyography and the analysis
method for the patient with low back pain, J. Exerc. Rehabil.,
2020, 16 (4), 325, DOI: 10.12965/jer.2040420.210.

[30] PRANATA A., PERRATON L., EL-ANSARY D., CLARK R.,
MENTIPLAY B., FORTIN K., LONG B., BRANDHAM R., BRYANT A.,
Trunk and lower limb coordination during lifting in people
with and without chronic low back pain, J. Biomech., 2018, 71,
257-263, DOI: 10.1016/j.jbiomech.2018.02.016.

[31] Rose-DuLcINA K., GENEVAY S., DOMINGUEZ D., ARMAND S.,
VUILLERME N., Flexion-relaxation ratio asymmetry and its
relation with trunk lateral rom in individuals with and without
chronic nonspecific low back pain, Spine, 2020, 45 (1), E1-E9,
DOI: 10.1097/BRS.0000000000003196.

SALAMA H.M., REDA N., EL SHAHALY M., NOUR-ELDEIN H.,

Predictors of fear-avoidance belief, pain, and disability index

in patients with chronic low back pain attending rheumatology

outpatient clinics, J. Public Health, 2020, 1-6, DOI: 10.1007/

$10389-020-01296-x.

[33] SHAFSHAK T.S., ELNEMR R., The visual analogue scale versus

numerical rating scale in measuring pain severity and predicting

disability in low back pain, J. Clin. Rheumatol., 2021, 27 (7),

282-285, DOI: 10.1097/RHU.0000000000001320.

TEICHTAHL A.J., URQUHART D.M., WANG Y., WLUKA A.E.,

WUETHILAKE P., O’SULLIVAN R., CICUTTINI F.M., Fat infil-

tration of paraspinal muscles is associated with low back pain,

disability, and structural abnormalities in community-based

adults, Spine J., 2015, 15 (7), 1593-1601, DOI: 10.1016/

j-spinee.2015.03.039.

[35] TsaNnG S.M., Szeto G.P., L1 LM., WonG D.C., YIr M.M,,
LEE R.Y., The effects of bending speed on the lumbo-pelvic
kinematics and movement pattern during forward bending
in people with and without low back pain, BMC Musculo-
skelet. Disord., 2017, 18 (1), 157, DOI: 10.1186/s12891-017-
1515-3.

[36] VACHALATHITI R., SAKULSRIPRASERT P., KINGCHA P., Decreased
functional capacity in individuals with chronic non-specific
low back pain: A cross-sectional comparative study, J. Pain
Res., 2020, 1979-1986, DOI: 10.2147/JPR.S260875.

[37] VATOVEC R., VOGLAR M., Changes of trunk muscle stiffness
in individuals with low back pain: A systematic review with
meta-analysis, BMC Musculoskelet. Disord., 2024, 25 (1), 155,
DOI: 10.1186/s12891-024-07241-3.

[32

—_—

[34

—_




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


