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Abstract  34 

Objective: The purpose of this study was to compare pain levels, functional impairment, contractile 35 

properties of the erector spinae, and spinal kinematics in females with and without non-specific 36 

chronic low back pain (NSCLBP) and to examine the interrelationships among these variables. 37 

Method: All participants were assessed for pain levels and functional impairment. Tensiomyography 38 

was used to evaluate the contractile properties of the erector spinae, and all participants were assessed 39 

for spinal kinematics during a lift task. An Independent t-test was performed to compare all variables 40 

between the control group and the NSCLBP group, and the Pearson correlation coefficient analysis 41 

was performed to examine the relationships among all variables. 42 

Results: We found significant differences between groups in pain levels, functional impairment, 43 

maximal radial muscle displacement, contraction velocity, and lumbar extension and rotation angles. 44 

Additionally, Pearson correlation analysis revealed a significant positive correlation between pain 45 

levels, functional impairment, and the lumbar extension angle, and a significant negative correlation 46 

was found between maximal radial muscle displacement and both pain levels and functional 47 

impairment. 48 

Conclusion: This study identified differences in pain level, functional impairment, contractile 49 

properties of erector spinae, and spinal kinematics based on NSCLBP presence, along with 50 

correlations among these variables. Further research should explore other functional motor tasks. 51 

 52 

Keywords: Non-specific chronic low back pain, Erector spinae, Muscle contractile properties, Spinal 53 

kinematics, Function 54 
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Introduction  56 

 Low back pain (LBP), one of the leading causes of musculoskeletal disorders worldwide, 57 

is a significant health issue that affects up to 80% of individuals at some point in their lives and 58 

can have substantial economic repercussions [36]. Non-specific chronic low back pain 59 

(NSCLBP) is characterized by pain lasting more than 12 weeks without an identifiable 60 

underlying pathology, such as infection, tumor, osteoporosis, fracture, or structural deformity 61 

[3]. Furthermore, NSCLBP may lead to functional alterations in the musculoskeletal system, 62 

potentially resulting in abnormal movement patterns, persistent pain, and functional limitations 63 

[25]. Due to its complex and multifactorial nature, NSCLBP remains challenging to diagnose 64 

accurately, often leading to inadequate or suboptimal treatment [13]. 65 

Patients with NSCLBP often encounter challenges in maintaining lumbopelvic stability 66 

during lifting tasks that involve trunk flexion and extension [30]. Specifically, in patients with 67 

NSCLBP, compensatory excessive muscle guarding through co-contraction of the lumbopelvic 68 

muscles occurs due to impaired lumbopelvic stability, which serves as a key factor in 69 

maintaining chronic low back pain by reducing trunk movement efficiency and inducing 70 

continuous stress [35]. These inefficient movement patterns can result in overactivation and 71 

increased stiffness of the lumbar extensor muscles [28]. 72 

Inefficient movement patterns in individuals with NSCLBP are closely associated with 73 

impairment of the flexion-relaxation phenomenon (FRP), a natural suppression of erector 74 

spinae activity during trunk flexion that contributes to spinal stability and reduces muscle 75 

fatigue [10]. Impairment of the FRP can lead to excessive tension and restricted range of motion 76 

in the lumbar muscles, resulting in structural changes such as chronic low back pain, atrophy 77 

of the erector spinae, fiber-type transformation, and intramuscular fat infiltration, as well as 78 

functional alterations including muscle fatigue, abnormal activation patterns, and reduced 79 

neuromuscular control [5, 9, 11, 34].  80 

To ensure appropriate diagnosis and intervention in patients with NSCLBP, it is 81 

essential to clarify the interrelationships among pain levels, functional impairment, the 82 

contractile properties of the erector spinae, and inefficient trunk flexion–extension movement 83 

patterns. Electromyography (EMG), which has been extensively utilized in previous studies, is 84 

limited to capturing the electrical activity of muscles and does not directly evaluate mechanical 85 

properties such as contraction velocity and stiffness [6, 26]. To overcome the limitations of 86 

conventional research methods, it is essential to incorporate Tensiomyography (TMG). This 87 

non-invasive tool allows for the quantitative assessment of muscle contractile properties, 88 
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including contraction time and maximal radial muscle displacement [8]. Furthermore, few 89 

studies have examined the interrelationships among the multidimensional factors of NSCLBP, 90 

encompassing pain levels, functional impairment, the contractile properties of the erector spinae, 91 

and spinal kinematic variables during trunk flexion–extension movements. 92 

Therefore, the primary objective of this study was to compare and analyze pain levels, 93 

functional impairment, static contractile properties of the erector spinae, and spinal kinematics 94 

during lifting tasks between adult females with and without NSCLBP. The secondary objective 95 

was to investigate the interrelationships among these variables, thereby providing fundamental 96 

evidence for designing rehabilitation exercise interventions aimed at reducing pain and 97 

improving functional outcomes in individuals with NSCLBP. 98 

 99 

Method  100 

1. Participants 101 

This study employed a case-control design, determining that a total of 40 participants 102 

was necessary based on a priori power analysis using G*Power version 3.1.9.7 (Düsseldorf 103 

University, Düsseldorf, Germany). This analysis utilized an independent t-test (two-tailed, 104 

effect size d = 0.91, α = 0.05, power = 0.80) as the reference. Accordingly, two groups of adult 105 

females aged 20–29 years were recruited: a control group (n = 20) consisting of healthy 106 

individuals without LBP and a NSCLBP group (n = 20) comprising of individuals with 107 

NSCLBP, characterized by the absence of identifiable pathological causes and a current pain 108 

score of 5 or higher on the visual analogue scale (VAS). Exclusion criteria for the NSCLBP 109 

group included individuals with a history of musculoskeletal or neurological disorders, those 110 

who had undergone surgery within the past three months, individuals with orthopedic 111 

conditions that may interfere with participation in the experiment, and those diagnosed with 112 

specific chronic low back pain with identifiable pathological causes. This study was approved 113 

by the Institutional Review Board of Incheon National University (INUIRB No. 7007971-114 

202108-005), and all participants provided informed consent prior to data collection.  115 

 116 

2. Measurements  117 

2.1. Index of pain and functional disability  118 

 To assess the level of LBP in participants, the VAS was utilized. The VAS consists of a 10 119 

cm horizontal line on which individuals indicate their perceived level of pain. A mark exceeding 4 120 

cm is considered indicative of moderate to severe pain and has been recognized as a valuable tool for 121 
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diagnosing chronic low back pain [33]. Additionally, to evaluate the functional status of patients 122 

with NSCLBP, who are known to experience physical limitations, the Korean version of the 123 

Oswestry Disability Index (KODI) was used. This questionnaire assesses functional disability 124 

related to low back pain across 10 domains and has demonstrated reliability and validity for 125 

Korean patients through cross-cultural adaptation [16].  126 

 127 

2.2. Contractile properties of erector spinae 128 

To evaluate the contractile properties of the erector spinae, TMG was used under 129 

isometric conditions using the TMG-100 system (Electrostimulator, Ljubljana, Slovenia). This 130 

non-invasive technique measures the radial displacement of the muscle belly in response to a 131 

single electrical stimulus ranging from 0 to 100 mA [8] . TMG is recognized as a reliable and 132 

effective method for assessing low back pain, overall muscle contractile properties, and fatigue 133 

[24].  It provides both spatial and temporal data on the radial displacement of the muscle belly 134 

through variables such as maximal radial displacement (Dm), contraction time (Tc), delay time 135 

(Td), sustain time (Ts), and half-relaxation time (Tr) <Figure 1>. 136 

 
Figure 1. Variables of tensiomyography 

Abbreviations. Td: delay time, Tc: contraction time, Dm: maximal radial muscle displacement, Ts: sustain 

time, Tr: half relaxation time 

 137 

Participants were instructed to refrain from caffeine intake, exercise, and myofascial 138 

release techniques for 24 to 48 hours prior to measurement [20]. All TMG measurements were 139 

conducted by a single examiner with over three years of experience. In addition, based on the 140 

method described by Perotto et al. (2011), the measurement site was marked on the muscle 141 

belly of the erector spinae at its anatomical location, and the participants were positioned as 142 

shown in Figure 2 during the measurement. Two electrodes (50 × 50 mm, T.Y. Sherry 143 

International Co., Ltd., Taiwan) were positioned with a 5 cm inter-electrode distance. The 144 

intensity of electrical stimulation and the interval between stimuli were determined based on 145 

the protocol from a previous study [20].  146 
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Figure 2. Measurement of TMG  

 147 
2.3. Box lift motion analysis 148 

To analyze the box-lifting task, a total of eight motion capture cameras (6 Eagle and 2 149 

Raptor-E systems, Motion Analysis Corp., USA) were used, and based on the Helen Hayes 150 

marker set, 41 reflective markers were attached. These included 28 standard markers (excluding 151 

the sacrum), three spinal markers placed on the 7th cervical (C7), 12th thoracic (T12), and 2nd 152 

and 4th lumbar vertebrae (L2 and L4) with three offset points between them. Additionally, 153 

bilateral markers were positioned on the posterior superior iliac spine (PSIS), greater trochanter, 154 

and the top of the iliac crest <Figure 3>. In addition, for the kinematic analysis of the box-lifting 155 

task, motion capture data were collected at a sampling rate of 120 frames per second using 156 

motion analysis software (Cortex 7, Motion Analysis Corp., USA). A box measuring 41 cm in 157 

width, 31 cm in depth, and 28 cm in height was used with a load equivalent to 15% of each 158 

participant’s body weight. All participants performed dynamic stretching and warm-up 159 

exercises to prevent injury prior to measurement. They received instructions and practiced for 160 

the experimental task and completed five trials, from which the average of the three most 161 

successful performances was used to calculate the kinematic variables. In this study, the events 162 

for the analysis of the box-lifting task were defined as shown in Figure 4, and two force plates 163 

(9260AA, Kistler, Switzerland) were used to identify Event 1 and Event 2 based on the 164 

maximum vertical ground reaction force during the lifting movement. 165 

 166 

 

Figure 3. Modified marker set  
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 167 

  
Figure 4. Event 

Abbreviations. KMF: knee maximum flexion, mvGRF: maximum vertical ground reaction force 

 168 

3. Statistical analysis 169 

All statistical analyses were performed using SPSS version 28.0 (IBM, USA). The mean and 170 

standard deviation were calculated for each variable. To assess the normality of the data, the Shapiro–171 

Wilk test was performed for all variables. An independent t-test was used to compare differences in 172 

VAS scores, KODI scores, static contractile properties of the erector spinae, spinal kinematic 173 

variables during the box-lifting task, and maximum vertical ground reaction force. Additionally, 174 

Pearson correlation coefficient analysis was performed to examine the relationships among pain levels, 175 

functional impairment, static contractile properties of the erector spinae, and sagittal-plane lumbar 176 

kinematic variables during the box-lifting task. The significance level for all statistical tests was set at 177 

p < .05.  178 

 179 

Results  180 

1. Results of participant characteristics 181 

As a result of participants characteristics, significant between-group differences were found 182 

in pain period (t = -5.338, p ≤ .000). However, there were no significant differences between groups 183 

in age (t = -0.877, p = .386), height (t = -0.458, p = .649), weight (t = -0.561, p = .578) (Table 1). 184 

Table 1. Characteristics of participants 185 
Variables Control (n=20) NSCLBP (n=20) t p 

Age (years) 21.70±2.08 22.22±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 < .001 
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Abbreviations. NSCLBP: non-specific chronic low back pain; VAS: visual analogue scale; KODI: Korean 

Oswestry disability index    

 186 

2. Results of the pain and functional disability index 187 

As a result of analyzing pain and functional impairment levels, significant between-group 188 

differences were found in VAS (t = -24.778, p ≤ .000) and KODI (t = -17.764, p ≤ 0.000) (Table 2). 189 

 190 
Table 2. Results of the pain and disability index 191 

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 < .001 

Abbreviations. NSCLBP: non-specific chronic low back pain, VAS: visual analogue scale, KODI: Korean 

Oswestry disability index    

 192 
 193 
3. Results of erector spinae contractile properties 194 

As a result of analyzing the static contractile properties of the erector spinae, no significant 195 

between-group difference was found in Tc (t = -0.717, p = 0.478). However, significant differences 196 

were observed in Dm (t = 2.114, p = 0.041) and Vc (t = 2.048, p = 0.048) (Table 3). 197 

 198 

Table 3. Results of erector spinae contractile properties 199 
Muscle Variables Control NSCLBP t p 

ES 

Tc 15.47±180 16.05±3.10 -0.717 0.478 

Dm 3.79±1.29 2.76±1.76 2.114 0.041* 

Vc 0.11±0.04 0.08±0.05 2.048 0.048* 

Data are mean ± standard deviation, *p < .05 

Abbreviations. NSCLBP: non-specific chronic low back pain, ES: erector spinae, Tc: contraction time, Dm: 

maximum radial displacement, Vc: velocity of contraction 

 200 

4. Results of the kinematic variables of the spine 201 

As a result of analyzing spinal kinematics during the box-lifting task, significant between-202 

group differences were observed in L2–L4 extension and rotation at KMF (extension: t = -2.273, p = 203 

0.031; rotation: t = 2.212, p = 0.033) and at mvGRF (extension: t = -2.213, p = 0.035; rotation: t = 204 

2.091, p = 0.043). However, no significant differences were observed in the other kinematic variables. 205 

Additionally, there were no significant between-group differences in peak vertical ground reaction 206 

force across all events (Table 4). 207 

 208 
Table 4. Results of kinematic and kinetic variables 209 

Spine Event 
Kinematic 

Variable 
Control NSCLBP t p 

T12-L2 KMF Lateral flexion 0.99±4.53 -0.73±2.61 1.466 0.153 
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Extension -5.45±3.54 -5.72±2.63 0.271 0.788 

Rotation 2.16±3.11 2.89±4.45 -0.598 0.554 

mvGRF 

Lateral flexion 0.85±4.62 -0.58±2.65 1.199 0.238 

Extension -5.46±3.91 -5.53±2.87 0.057 0.955 

Rotation 2.09±3.11 2.41±4.35 -0.268 0.790 

L2-L4 

KMF 

Lateral flexion -0.80±4.63 -1.14±4.51 0.239 0.812 

Extension -2.57±3.90 2.09±8.29 -2.273 0.031* 

Rotation 8.87±6.05 4.94±5.14 2.212 0.033* 

mvGRF 

Lateral flexion -1.02±4.81 -1.30±4.76 0.185 0.854 

Extension -2.64±4.07 1.97±8.37 -2.213 0.035* 

Rotation 8.33±5.48 4.78±5.26 2.091 0.043* 

Fz 
KMF 0.62±0.12 0.60±0.03 0.922 0.362 

mvGRF 0.76±0.13 0.72±0.03 1.563 0.133 

Data are mean ± standard deviation, *p < .05,  

Direction. Lateral flexion, +: left, -: right, Extension, +: extension, -: flexion ; Rotation, +: left, -: right. 

Abbreviations. NSCLBP: non-specific chronic low back pain, T: thoracic, L: lumbar, Fz: ground reaction 

force of vertical, KMF: knee maximum flexion, mvGRF: maximum vertical ground reaction force 

 210 
5. Results of Pearson correlation 211 

 As a result of the Pearson correlation coefficient analysis, no significant correlations were 212 

found between Dm and the L2–L4 kinematic variables at any event (KMF: r = -0.274, p = 0.087; 213 

mvGRF: r = -0.288, p = 0.072). However, significant correlations were identified between VAS and 214 

the L2–L4 kinematic variables at both events (KMF: r = 0.334, p = 0.035; mvGRF: r = 0.326, p = 215 

0.040). For the KODI, a significant correlation was observed only at the KMF event (r = 0.313, p = 216 

0.049), with no significant correlation at mvGRF (r = 0.308, p = 0.053). Additionally, significant 217 

correlations were found between Dm and VAS (r = -0.344, p = 0.030), as well as between Dm and 218 

KODI (r = -0.353, p = 0.026) (Table 5). 219 

 220 
Table 5. Results of Pearson correlation 221 

Variables r p 

Dm 

L2-L4 (extension) 

KMF -0.274 0.087 

mvGRF -0.288 0.072 

VAS 
KMF 0.334 0.035* 

mvGRF 0.326 0.040* 

KODI 
KMF 0.313 0.049* 

mvGRF 0.308 0.053 

Dm 
VAS -0.344 0.030* 

KODI -0.353 0.026* 

Note.  *p < .05 

Abbreviations. Dm: maximum radial displacement, VAS: visual analogue scale, KODI: Korean Oswestry 

disability index, KMF: knee maximum flexion, L: lumbar, mvGRF: maximum vertical ground reaction force 

 222 

Discussion  223 
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 This study aimed to compare and analyze the levels of pain and functional disability, 224 

the static contractile properties of the erector spinae, and the kinematic variables of the spine 225 

during a box-lifting task, based on the presence or absence of NSCLBP in adult females. 226 

Additionally, the study sought to examine the correlations among these variables. The results 227 

revealed significant between-group differences in Dm (p = 0.041) and Vc (p = 0.048) of the 228 

erector spinae, while no significant difference was observed in Tc. In the analysis of the box-229 

lifting task, significant between-group differences were observed in the L2–L4 extension and 230 

rotation joint angles at the KMF (p = 0.031 for extension; p = 0.033 for rotation) and mvGRF 231 

(p = 0.035 for extension; p = 0.043 for rotation) time points. Pearson correlation analysis 232 

indicated no significant correlation between Dm of the erector spinae and the L2–L4 extension 233 

joint angle, whereas VAS and KODI (except for mvGRF) were significantly correlated with 234 

the L2–L4 extension joint angle. Furthermore, significant correlations were observed between 235 

Dm of the erector spinae and both VAS and KODI scores.  236 

In the results concerning the static contractile properties of the erector spinae, no 237 

significant between-group differences were observed in Tc. Tc refers to the time required to 238 

reach 10% to 90% of Dm and is positively correlated with the proportion of Type I muscle 239 

fibers [4]. Previous studies indicate that individuals with NSCLBP tend to exhibit a shift toward 240 

Type I muscle fibers, which has been attributed to increased neuromuscular activity, such as 241 

heightened paraspinal muscle activation and elevated mechanical loading [1]. However, 242 

because the proportion of muscle fiber types varies among individuals, muscular responses to 243 

identical external stimuli may differ, and the relationship between pain and fiber-type 244 

transformation remains unclear [1, 23]. This underscores the need for further research to 245 

elucidate the association between NSCLBP and muscle fiber characteristics. Dm was 246 

significantly lower in the NSCLBP group compared to the control group. Dm represents the 247 

maximum displacement during muscle contraction, and it is known to decrease under 248 

conditions of increased muscle tension and stiffness [29]. The erector spinae in individuals with 249 

NSCLBP have been reported to exhibit excessive tension and stiffness in the erector spinae, 250 

even at rest, due to abnormal activation [17]. Based on these findings, it is considered that the 251 

significantly lower Dm value observed in the NSCLBP group compared to the control group 252 

may be attributed to such excessive tension and stiffness. Vc, which reflects muscle contraction 253 

velocity and is recognized as an important variable for assessing muscle fatigue [18], was 254 

significantly lower in the NSCLBP group than in the control group. This may indicate a 255 

tendency toward slower muscle contraction in individuals with NSCLBP; however, it should 256 
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be interpreted with caution because Tc did not differ between groups and Vc is mathematically 257 

derived from Dm/Tc. Therefore, the reduction in Vc may primarily reflect the smaller Dm 258 

observed in the NSCLBP group rather than an actual slowing of contraction velocity. 259 

Nevertheless, chronic overactivation and fatigue of the erector spinae in individuals with 260 

NSCLBP have been reported to induce physiological adaptations such as a shift toward Type I 261 

muscle fibers characterized by slower contraction [21, 22]. Thus, these mechanisms may partly 262 

contribute to the observed reduction in Vc, although further longitudinal or mechanistic studies 263 

are needed to confirm this relationship. 264 

 In the analysis of the box-lifting task, greater L2–L4 extension angles were observed in 265 

the NSCLBP group compared to the control group across all time points. This indicates that 266 

individuals with NSCLBP lifted the box with a more extended lumbar posture, in contrast to 267 

the flexed posture exhibited by the control group. This finding is consistent with previous 268 

studies that report individuals with NSCLBP tend to adopt a more extension-dominant and 269 

stiffened movement strategy during lifting tasks compared to controls [7, 27]. In patients with 270 

NSCLBP, loss of the FRP occurs due to a combination of pain-avoidance behavior and impaired 271 

neuromuscular control, leading to a rigid movement strategy that maintains lumbar extension 272 

through excessive activation of the erector spinae during trunk flexion [14, 28]. Such movement 273 

control characteristics in individuals with NSCLBP may lead to a tendency to maintain an 274 

extended posture during actual lifting tasks, which may explain the consistently increased L2–275 

L4 extension angles observed across all time points. Additionally, the NSCLBP group 276 

demonstrated smaller rotation angles compared to the control group at all time points. This 277 

suggests that the NSCLBP group minimized transverse plane movement during trunk flexion 278 

while lifting the box. This finding is consistent with previous studies reporting that the lumbar 279 

rotational range of motion during trunk flexion is significantly reduced in the NSCLBP group 280 

compared with the control group, and that such reduction is associated with pain-avoidance 281 

movement strategies linked to tension of paraspinal tissues, muscle stiffness, and mechanical 282 

instability [2, 12]. Additionally, the loss of  FRP may further restrict rotational movement by 283 

diminishing erector spinae relaxation responses and promoting excessive co-activation of 284 

surrounding spinal muscles during trunk flexion [31]. These characteristics of NSCLBP may 285 

explain why the NSCLBP group demonstrated smaller rotation angles than the control group 286 

across all time points.  287 

Pearson correlation analysis revealed no significant correlation between Dm of the 288 

erector spinae and the L2–L4 extension joint angle. This finding suggests that it is difficult to 289 
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establish a clear relationship between Dm, a TMG-derived variable measured under static 290 

conditions, and joint angle variables that reflect complex neuromuscular control and 291 

coordination strategies during dynamic movements. Indeed, Dm has been reported to vary 292 

sensitively depending on dynamic conditions and may not fully represent muscle function 293 

during movement [19]. Consequently, Dm in this study may have shown only a limited 294 

association with the kinematic variables. A significant positive correlation was observed 295 

between VAS, KODI (except for mvGRF event), and the L2–L4 extension joint angle. This 296 

positive correlation between VAS and the L2–L4 extension angle indicates that higher levels 297 

of pain are associated with an increased tendency toward lumbar extension. Individuals with 298 

higher pain levels may tend to adopt a stiffer lifting pattern characterized by greater lumbar 299 

extension and erector spinae activation [11]. However, this association should be interpreted as 300 

correlational rather than causal, given the cross-sectional nature of the study. Future 301 

longitudinal or interventional studies are warranted to clarify the causal mechanisms underlying 302 

this relationship. The positive correlation between KODI and the L2–L4 extension angle 303 

indicates that higher levels of functional disability are associated with an increased tendency 304 

toward lumbar extension. The ODI is recognized as a measure that reflects not only physical 305 

functional limitations but also psychological factors such as fear-avoidance and anxiety [32]. 306 

Individuals with higher levels of functional disability in NSCLBP tend to adopt a more rigid, 307 

extension-based strategy as a form of pain-avoidance behavior [15]. Consequently, the positive 308 

correlations observed between VAS, KODI scores, and L2–L4 extension angles in this study 309 

may suggest that higher levels of pain and functional disability are associated with the adoption 310 

of a rigid, extension-based movement strategy. A significant negative correlation was identified 311 

between Dm of the erector spinae and both VAS and KODI scores. This finding suggests that 312 

lower Dm values are associated with higher levels of pain and functional disability, as decreased 313 

Dm may indicate increased muscle tension or stiffness [29]. Previous studies have shown that 314 

elevated levels of muscle tension and stiffness can be critical factors in the development or 315 

persistence of pain and functional disability [37]. These findings may explain the negative 316 

correlations observed between reduced Dm values and both VAS and KODI scores. 317 

 318 

Conclusion  319 

This study aimed to compare pain and functional disability levels, static muscle 320 

contraction characteristics of the erector spinae, and spinal kinematic variables during a box-321 

lifting in adult female with and without NSCLBP. Additionally, the study sought to analyze the 322 



 

13 
 
 
 

correlations among these variables. The results indicated that the NSCLBP group exhibited 323 

significantly lower values of Dm and Vc in the erector spinae compared to the control group. 324 

Furthermore, during the box-lifting task, the NSCLBP group demonstrated greater L2–L4 325 

extension angles and smaller rotation angles than the control group across all time points. 326 

Pearson correlation analysis revealed no significant correlation between Dm and the L2–L4 327 

extension angle. However, a significant positive correlation was observed between VAS, KODI 328 

(except for mvGRF event), and the L2–L4 extension angle. Additionally, a significant negative 329 

correlation was found between Dm and both VAS and KODI scores. Future studies should 330 

incorporate a wider range of functional tasks commonly observed in daily life to further 331 

investigate pain management and functional improvement strategies for individuals with 332 

NSCLBP. 333 

This study has some limitations. The sample included only young adult females, which 334 

restricts the generalizability of the results. In addition, the cross-sectional design limits causal 335 

interpretation, and the static nature of TMG may not fully reflect dynamic muscle function. 336 

Despite these limitations, the findings provide valuable insights into the neuromuscular 337 

characteristics of individuals with NSCLBP. 338 

 339 

Acknowledgments  340 

The authors would like to thank all participants for their time and commitment to this 341 

research. 342 

 343 

Funding  344 

The authors report no funding. 345 

 346 

Conflict of interest 347 

The authors declare that they have no conflict of interest.  348 



 

14 
 
 
 

References 349 

[1] Agten, A., Stevens, S., Verbrugghe, J., Timmermans, A. ,Vandenabeele, F., Biopsy samples 350 

from the erector spinae of persons with nonspecific chronic low back pain display a 351 

decrease in glycolytic muscle fibers, Spine J, 2020, 20(2):199-206. DOI: 352 

10.1016/j.spinee.2019.09.023. 353 

[2] Asgari, N., Sanjari, M. A. ,Esteki, A., Local dynamic stability of the spine and its 354 

coordinated lower joints during repetitive lifting: Effects of fatigue and chronic low 355 

back pain, Hum Mov Sci, 2017, 54:339-346. DOI: 10.1016/j.humov.2017.06.007. 356 

[3] Balagué, F., Mannion, A. F., Pellisé, F. ,Cedraschi, C., Non-specific low back pain, The 357 

lancet, 2012, 379(9814):482-491. DOI:10.1016/S0140-6736(11)60610-7. 358 

[4] Čular, D., Babić, M., Zubac, D., Kezić, A., Macan, I., Peyré-Tartaruga, L. A., Ceccarini, 359 

F. ,Padulo, J., Tensiomyography: From muscle assessment to talent identification tool, 360 

Front Physiol, 2023, 14:1163078. DOI: 10.3389/fphys.2023.1163078 361 

[5] De Carvalho, D., Mackey, S., To, D., Summers, A., Frey, M., Romme, K., Hogg-Johnson, 362 

S. ,Howarth, S. J., A systematic review and meta analysis of measurement properties 363 

for the flexion relaxation ratio in people with and without non specific spine pain, Sci 364 

Rep, 2024, 14(1):3260. DOI: 10.1038/s41598-024-52900-z. 365 

[6] Farina, D., Merletti, R. ,Enoka, R. M., The extraction of neural strategies from the surface 366 

emg, J Appl Physiol, 2004, 96(4):1486-1495. DOI:10.1152/japplphysiol.01070.2003. 367 

[7] Fujii, R., Imai, R., Shigetoh, H., Tanaka, S. ,Morioka, S., Task-specific fear influences 368 

abnormal trunk motor coordination in workers with chronic low back pain: A relative 369 

phase angle analysis of object-lifting, BMC Musculoskelet Disord, 2022, 23(1):161. 370 

DOI: 10.1186/s12891-022-05118-x. 371 

[8] García-García, O., Cuba-Dorado, A., Álvarez-Yates, T., Carballo-López, J. ,Iglesias-372 

Caamaño, M., Clinical utility of tensiomyography for muscle function analysis in 373 

athletes, Open Access J Sports Med, 2019, 49-69. DOI:10.2147/OAJSM.S161485. 374 

[9] Goubert, D., Van Oosterwijck, J., Meeus, M. ,Danneels, L., Structural changes of lumbar 375 

muscles in non-specific low back pain, Pain Physician, 2016, 19(7):E985-E999. 376 

DOI:10.36076/ppj/2016.19.E985. 377 

[10] Gouteron, A., Moissenet, F., Tabard-Fougère, A., Rose-Dulcina, K., Genevay, S., Laroche, 378 

D. ,Armand, S., Relationship between the flexion relaxation phenomenon and 379 

kinematics of the multi-segmental spine in nonspecific chronic low back pain patients, 380 

Sci Rep, 2024, 14(1):24335. DOI:10.1038/s41598-024-72924-9. 381 



 

15 
 
 
 

[11] Gouteron, A., Tabard-Fougere, A., Bourredjem, A., Casillas, J. M., Armand, S. ,Genevay, 382 

S., The flexion relaxation phenomenon in nonspecific chronic low back pain: 383 

Prevalence, reproducibility and flexion–extension ratios. A systematic review and meta-384 

analysis, Eur Spine J, 2022, 31(1):136-151. DOI: 10.1007/s00586-021-06992-0. 385 

[12] Haj, A., Weisman, A. ,Masharawi, Y., Lumbar axial rotation kinematics in men with non-386 

specific chronic low back pain, Clin Biomech, 2019, 61:192-198. DOI: 387 

10.1519/SSC.0000000000000699. 388 

[13] Hartvigsen, J., Hancock, M. J., Kongsted, A., Louw, Q., Ferreira, M. L., Genevay, S., Hoy, 389 

D., Karppinen, J., Pransky, G. ,Sieper, J., What low back pain is and why we need to 390 

pay attention, Lancet, 2018, 391(10137):2356-2367. DOI:10.1016/S0140-391 

6736(18)30480-X. 392 

[14] Hodges, P. W. ,Tucker, K., Moving differently in pain: A new theory to explain the 393 

adaptation to pain, Pain, 2011, 152(3):S90-S98. DOI: 10.1016/j.pain.2010.10.020. 394 

[15] Hwang, U. J., Kwon, O. Y., Jung, S. H., Ahn, S. H. ,Kim, H. A., Predictors of pain intensity 395 

and oswestry disability index in prolonged standing service workers with nonspecific 396 

chronic low back pain subclassified as active extension pattern, Musculoskelet Sci Pract, 397 

2019, 40:58-64. DOI: 10.1016/j.msksp.2019.01.014. 398 

[16] Kim, D. Y., Lee, S. H., Lee, H. Y., Lee, H. J., Chang, S. B., Chung, S. K. ,Kim, H. J., 399 

Validation of the korean version of the oswestry disability index, Spine, 2005, 400 

30(5):E123-E127. DOI:10.1097/01.brs.0000157172.00635.3a. 401 

[17] Koch, C. ,Hänsel, F., Chronic non-specific low back pain and motor control during gait, 402 

Front Psychol, 2018, 9:2236. DOI: /10.3389/fpsyg.2018.02236. 403 

[18] Langen, G., Sandau, I., Ueberschär, O., Nosaka, K. ,Behringer, M., Methodical approaches 404 

to determine the rate of radial muscle displacement using tensiomyography: A scoping 405 

review and new reporting guideline, J Electromyogr Kinesiol, 2022, 67:102702. DOI: 406 

10.1016/j.jelekin.2022.102702 407 

[19] Latella, C., Ruas, C. V., Mesquita, R. N., Nosaka, K. ,Taylor, J. L., Test-retest reliability 408 

of elbow flexor contraction characteristics with tensiomyography for different elbow 409 

joint angles, J Electromyogr Kinesiol, 2019, 45:26-32. DOI: 410 

10.1016/j.jelekin.2019.02.002. 411 

[20] Lee, H., Kim, C., An, S. ,Jeon, K., Effects of core stabilization exercise programs on 412 

changes in erector spinae contractile properties and isokinetic muscle function of adult 413 



 

16 
 
 
 

females with a sedentary lifestyle, Appl Sci, 2022, 12(5):2501. 414 

DOI:10.3390/app12052501. 415 

[21] Lee, H., Lee, S., Kim, C. ,Jeon, K., A comparison of contractile properties and acute muscle 416 

fatigue response in adult females with non-specific chronic low back pain, 417 

Bioengineering, 2024, 11(12):1202. DOI: 10.3390/bioengineering11121202 418 

[22] Lee, H., Lee, S., Kim, C. ,Jeon, K., A comparison of contractile properties of posterior 419 

chain muscles and trunk strength in females with non-specific chronic low back pain, J 420 

Back Musculoskelet Rehabil, 2025, 10538127251316172. DOI: 421 

10.1177/10538127251316172. 422 

[23] Lohr, C., Braumann, K. M., Reer, R., Schroeder, J. ,Schmidt, T., Reliability of 423 

tensiomyography and myotonometry in detecting mechanical and contractile 424 

characteristics of the lumbar erector spinae in healthy volunteers, Eur J Appl Physiol, 425 

2018, 118:1349-1359. DOI: 10.1007/s00421-018-3867-2. 426 

[24] Lohr, C., Braumann, K.-M., Reer, R., Schroeder, J. ,Schmidt, T., Reliability of 427 

tensiomyography and myotonometry in detecting mechanical and contractile 428 

characteristics of the lumbar erector spinae in healthy volunteers, Eur J Appl Physiol, 429 

2018, 118(7):1349-1359. DOI:10.1007/s00421-018-3867-2. 430 

[25] Moissenet, F., Rose-Dulcina, K., Armand, S. ,Genevay, S., A systematic review of 431 

movement and muscular activity biomarkers to discriminate non-specific chronic low 432 

back pain patients from an asymptomatic population, Sci Rep, 2021, 11(1):5850. 433 

DOI:10.1038/s41598-021-84034-x. 434 

[26] Neblett, R., Brede, E., Mayer, T. G. ,Gatchel, R. J., What is the best surface emg measure 435 

of lumbar flexion-relaxation for distinguishing chronic low back pain patients from 436 

pain-free controls?, Clin J Pain, 2013, 29(4):334-340. 437 

DOI:10.1097/AJP.0b013e318267252d. 438 

[27] Nolan, D., O’Sullivan, K., Newton, C., Singh, G. ,Smith, B. E., Are there differences in 439 

lifting technique between those with and without low back pain? SJPAIN, 2020, 440 

20(2):215-227. DOI: 10.1515/sjpain-2019-0089 441 

[28] O’Sullivan, P., Diagnosis and classification of chronic low back pain disorders: 442 

Maladaptive movement and motor control impairments as underlying mechanism, Man 443 

Ther, 2005, 10(4):242-255. DOI:10.1016/j.math.2005.07.001. 444 

[29] Park, S., Theory and usage of tensiomyography and the analysis method for the patient 445 

with low back pain, J Exerc Rehabil, 2020, 16(4):325. DOI: 10.12965/jer.2040420.210. 446 



 

17 
 
 
 

[30] Pranata, A., Perraton, L., El-Ansary, D., Clark, R., Mentiplay, B., Fortin, K., Long, B., 447 

Brandham, R. ,Bryant, A., Trunk and lower limb coordination during lifting in people 448 

with and without chronic low back pain, J Biomech, 2018, 71:257-263. 449 

DOI:10.1016/j.jbiomech.2018.02.016. 450 

[31] Rose-Dulcina, K., Genevay, S., Dominguez, D., Armand, S. ,Vuillerme, N., Flexion-451 

relaxation ratio asymmetry and its relation with trunk lateral rom in individuals with 452 

and without chronic nonspecific low back pain, Spine, 2020, 45(1):E1-E9. DOI: 453 

10.1097/BRS.0000000000003196 454 

[32] Salama, H. M., Reda, N., El Shahaly, M. ,Nour-Eldein, H., Predictors of fear-avoidance 455 

belief, pain, and disability index in patients with chronic low back pain attending 456 

rheumatology outpatient clinics, J Public Health, 2020, 1-6. DOI: 10.1007/s10389-020-457 

01296-x. 458 

[33] Shafshak, T. S. ,Elnemr, R., The visual analogue scale versus numerical rating scale in 459 

measuring pain severity and predicting disability in low back pain, J Clin Rheumatol, 460 

2021, 27(7):282-285. DOI:10.1097/RHU.0000000000001320. 461 

[34] Teichtahl, A. J., Urquhart, D. M., Wang, Y., Wluka, A. E., Wijethilake, P., O'Sullivan, 462 

R. ,Cicuttini, F. M., Fat infiltration of paraspinal muscles is associated with low back 463 

pain, disability, and structural abnormalities in community-based adults, Spine J, 2015, 464 

15(7):1593-1601. DOI:10.1016/j.spinee.2015.03.039. 465 

[35] Tsang, S. M., Szeto, G. P., Li, L. M., Wong, D. C., Yip, M. M. ,Lee, R. Y., The effects of 466 

bending speed on the lumbo-pelvic kinematics and movement pattern during forward 467 

bending in people with and without low back pain, BMC Musculoskelet Disord, 2017, 468 

18(1):157. DOI:10.1186/s12891-017-1515-3. 469 

[36] Vachalathiti, R., Sakulsriprasert, P. ,Kingcha, P., Decreased functional capacity in 470 

individuals with chronic non-specific low back pain: A cross-sectional comparative 471 

study, J Pain Res, 2020, 1979-1986. DOI:10.2147/JPR.S260875. 472 

[37] Vatovec, R. ,Voglar, M., Changes of trunk muscle stiffness in individuals with low back 473 

pain: A systematic review with meta-analysis, BMC Musculoskelet Disord, 2024, 474 

25(1):155. DOI: 10.1186/s12891-024-07241-3. 475 


