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Abstract

Objective: The aim of the present study was to investigate the effect of prolonged standing on the
anticipatory postural adjustments of trunk and lower limb muscles in individuals with chronic
nonspecific low back pain and compare it with healthy individuals.

Methods: In this quasi-experimental study, fifteen healthy subjects and fifteen individuals with
chronic non-specific low back pain participated. Electromyographic activity of the right trunk and
lower limb muscles (anterior tibialis, soleus, internal oblique/transversus abdominis, medial
hamstrings, lateral hamstrings, and lumbar multifidus) was recorded during rapid right shoulder
flexion before and after 30 minutes of standing. Onset latency and root mean square ‘of muscles
were calculated. The main and interaction effects of the variables were examined using two-way
repeated measure analysis of variance with two factors: group (low back pain and healthy control)
and time (before and after prolonged standing).

Results: For the onset latency, the interaction effect of group by time was significant for the tibialis
anterior muscle (P-value = 0.046). The results of the post hoc test'showed a lower latency of the
tibialis anterior muscle in subjects with low back pain after prolonged standing compared to before
prolonged standing (P-value = 0.003). Also, the results ‘of ithe \independent t-test showed a
significant decrease in the latency of the tibialis anterior muscle in subjects with low back pain
compared to healthy subjects after prolonged standing (P-value = 0.002). For the root mean square,
the interaction effect of group by time was significant for the hamstring muscles medial (P-value
<0.001) and lateral (P-value = 0.007). The results of the post hoc test showed a significant decrease
in the root mean square value for the internal hamstring muscle (P-value = 0.009) and external
hamstring (P-value = 0.007) in subjects with' low back pain after prolonged standing compared to
before prolonged standing. The effect.size for all significant results was large (np2> 0.14).

Conclusion: Reducing the onset'delay and reducing the activity level of some lower limb postural
muscles during voluntary. shoulder flexion movement after prolonged standing may represent a
protective and compensatory. strategy of the central nervous system in people with back pain. It
may prevent further. disturbances due to the feedforward activity of postural muscles and prevent
further disruption of postural control in this difficult condition of instability that are accompanied
by fatigue,-discomfort, and pain in the lower limb and back muscles after prolonged standing.

Keywords:.Chronic low back pain, Postural control, Anticipatory postural adjustments



Introduction

Low back pain (LBP) is one of the most common and costly musculoskeletal disorders in modern
society and a leading cause of disability worldwide (1). More than 80% of individuals experience
at least one episode of LBP during their lifetime, and in approximately 90% of cases, the results
of paraclinical examinations are negative in identifying a specific underlying cause; these cases
are therefore classified as nonspecific low back pain (2). When the symptoms of this type of LBP
persist for more than 12 weeks, the condition is referred to as chronic nonspecific low back pain
(CNLBP) (3). Deficits in motor control have been recognized as one of the most important
contributing factors to the onset and chronification of LBP (4, 5), and are most commonly
investigated using the concept of anticipatory postural adjustments (APAs). APAs are automatic
postural responses generated prior to the occurrence of a predictable postural disturbance (1, 2). In
other words, APAs are feed-forward mechanisms that control postural disturbances arising from
voluntary movements by altering muscle activity and joint kinetics and kinematics in order to
maintain body balance (3, 4). The results of numerous studies have demonstrated a delayed onset
of activity in both superficial (external oblique and rectus abdominis) and deep (transversus
abdominis and internal oblique) trunk muscles in response to expected disturbances (e.g., rapid
shoulder movements) in individuals with CNLBP compared with healthy controls (5-9). These

findings indicate an altered feed-forward motor control of trunk muscles in these individuals.

However, one of the most important research gaps in this field is the lack of a comprehensive
investigation of the feed-forward responses of lower limb muscles in individuals with LBP (10).
Indeed, despite the evaluation of voluntary perturbations in the standing position, only very few
studies to date have examined the anticipatory postural adjustments of the lower limb muscles (11,
12). This is despite the fact that the association between deficits in lower limb motor control and
LBP has previously been proposed by some researchers. Lower limb movement influences the
movements and forces transmitted to the spinal column. Therefore, given the extensive
intersegmental motor interactions, alterations in motor control in the lower limbs may be important
contributing factors to the development of LBP (13). Consequently, in individuals with LBP,
evaluating motor control deficits without considering these disturbances in the lower limbs would

be incomplete (14).

Furthermore, according to previous studies, several factors influence the anticipatory postural

adjustments of trunk muscles, including the magnitude and direction of the applied perturbations



(15-17), the characteristics of the motor task generating the perturbation (11, 18), postural stability
(11, 19-21), fear of falling (22), and local muscle fatigue (12). In addition, in the study by Paul et
al. (2014), an association was reported between transient LBP induced by prolonged standing and
reduced anticipatory postural adjustments of the transversus abdominis muscle during rapid
shoulder flexion and extension movements (6). Prolonged standing, as one of the common
activities of daily living, is a factor that can alter muscle activation strategies related to postural
control. For example, increased co-contraction of the gluteus medius muscles bilaterally in
individuals with transient LBP induced by prolonged standing (23, 24), as well as increased
activity levels of the trunk muscles (external oblique and rectus abdominis) and lumbar muscles
(erector spinae) in individuals with CLBP, are among the observed changes in muscle activation
caused by prolonged standing (25). Additionally, alterations in postural control resulting from
prolonged standing have been reported in various populations. Lafond et al. (2009) identified
fatigue and discomfort in the lower lumbar region as possible contributory factors to impaired
postural control in individuals with CLBP following prolonged standing (26). Several studies have
also reported an association between prolonged standing and reduced blood circulation in the lower
limbs, resulting in swelling of the leg and foot, which in turn leads to pain and fatigue of the
muscles in that region (27, 28). Furthermore, fatigue of the passive structures of the spine and
increased load on the intervertebral disc due to excessive lumbar lordosis during prolonged
standing have been reported (24, 29). Moreover, individuals with LBP have demonstrated higher

levels of perceived exertion compared with healthy controls after 15 minutes of standing (30).

Given the relevance of prolonged standing during routine daily activities and its impact on the
onset of pain, fatigue, and discomfort in the trunk and lower limb muscles, the present study aimed
to investigate the effect of prolonged standing on the anticipatory postural adjustments of the trunk
and lower limb muscles during rapid shoulder flexion, in individuals with CNLBP in comparison
with healthy controls. It was hypothesized that prolonged standing would alter the feed-forward
activity of the trunk and lower limb muscles, and that this effect would be more pronounced in
individuals with CNLBP than in healthy individuals. The findings of the present study may serve
as an effective step toward a better understanding of the strategies adopted by individuals with
CNLBP to preserve postural stability under demanding conditions such as prolonged standing.
These insights could, in turn, inform the design of future research aimed at developing therapeutic

programs to improve postural control in CNLBP patients following prolonged standing.



Material & Methods

This quasi-experimental study was conducted at the Rehabilitation Research Center of Ahvaz
Jundishapur University of Medical Sciences (ethics code: IR.AJUMS.REC.1400.683). Male and
female participants aged 18 to 45 years were enrolled and allocated into two groups: a healthy
group (with no history of low back pain within the preceding year) and a group of individuals with
LBP referred to physiotherapy clinics by orthopedic specialists. Based on comparable studies in
the literature (5, 11, 12) and considering the means of the onset-delay and root-mean-square (RMS)
variables of the muscles, and accounting for a large effect size (0.40), an alpha level of 0.05, an
optimal statistical power of 0.80, and a type | error probability of 0.05, a sample size of 15
participants per group was determined, yielding a total of 30 participants. Participants were

recruited from the available population using a non-probability, non-simple sampling method.

For the group of individuals with CNLBP, the inclusion criteria comprised the presence of pain in
the right lumbar region (between the first lumbar vertebra and the gluteal fold), with or without
referred pain to the right lower limb, of at least 3 months' duration, and with a LBP intensity of
less than 3 according to the visual analogue scale (VAS). Of note, given the influence of chronic
pain on muscle function, only individuals with pain localized on the right side were enrolled in the
study. The exclusion criteria were as follows: dizziness; epilepsy; inner ear disorders; LBP
resulting from infection, fracture, or pathology; LBP accompanied by neurological symptoms; a
history of surgery in the lumbar region or lower limbs; the presence of other musculoskeletal
disorders, such as previous fractures of the lower limbs, neck pain, knee pain, or similar conditions;
severe brain injury and inability to follow instructions; a history of cardiovascular disorders; the
use of opioid medications; and employment in occupations requiring prolonged periods of standing
throughout the day.

Prior to data collection, all participants provided written informed consent, as approved by the

Ethics Committee of Ahvaz Jundishapur University of Medical Sciences.

In this study, the electromyographic (EMG) activity of the right trunk and lower limb muscles was
assessed immediately before and after a 30-minute period of prolonged standing (35). During the
prolonged standing protocol, no specific instructions were given to the participants regarding their
standing posture, and they were permitted to freely adjust their body position at any time; however,

they were required to keep their feet in contact with the ground. Furthermore, to replicate the



conditions of habitual standing during everyday activities — which is typically performed
concurrently with another task — a television was positioned two meters in front of the participant
so that they could watch a film while standing (35). Of note, to standardize the testing conditions
across all participants, data collection was performed between 8:00 and 11:00 AM, and participants
were asked to rest completely in a seated position on a chair for 15 minutes prior to entering the

study.

To examine the APAs of the right trunk and lower limb muscles, participants were instructed to
perform a rapid right shoulder flexion movement both immediately before and immediately after
the prolonged standing period. For this purpose, following the attachment of surface electrodes of
the EMG device, the participant stood with the feet positioned shoulder-width apart and the arms
fully relaxed along the sides of the body. To achieve a 90° shoulder flexion angle with the elbow
fully extended, a target marker was positioned on the wall opposite the participant, adjusted
according to each individual's height. The participant was then instructed that, upon hearing the
"get ready" signal, they had a 3-second window within which to raise their right upper limb at
maximum speed, such that the index finger would point toward the marker mounted on the wall.
This movement was repeated three times, with a one-minute rest period between repetitions.
Throughout the movement, the EMG activity of the muscles was recorded via surface electrodes.
Additionally, upon entry into the study, the participants' level of disability was assessed using the
Oswestry Disability Index (ODI). The intensity of LBP was evaluated using the Visual Analogue
Scale (VAS) both before and immediately after the prolonged standing period. The perceived level
of discomfort and fatigue in the lumbar region and lower limbs was measured using the Borg

Rating of Perceived Exertion (RPE) scale immediately after the prolonged standing period.

Surface EMG recording of muscle activity: Using a wireless electromyography system with
surface electrode placement and a sampling frequency of 1000 Hz, the electrical activity of the
muscles was recorded to determine two variables relevant to APAs: the onset time of muscle
activity and the level of electrical activity of the right-side muscles, including the tibialis anterior,
soleus, transversus abdominis/internal oblique, lumbar multifidus, and the medial and lateral
hamstrings. In addition, a pair of electrodes was placed over the right anterior deltoid muscle to
record the onset of activity of this muscle during the shoulder flexion movement. After cleansing
the skin with alcohol, the electrodes were placed parallel to the muscle fibers with a center-to-

center distance of 2 cm. Electrode placement was performed in accordance with the standard



SENIAM guidelines (Table 1). Data processing was performed using MATLAB software, version
2016a. The onset of muscle electrical activity was defined as the moment at which the signal
amplitude exceeded the mean value plus two times the standard deviation of the background
electrical activity, provided that this increase persisted for a duration of 50 milliseconds.
Subsequently, to calculate the onset latency of muscle electrical activity, the onset time of the right
anterior deltoid muscle was designated as time zero, and the activation time of each other muscle
was consequently determined relative to this reference point. By convention, a negative value
indicated earlier activation of a muscle relative to the onset of the right anterior deltoid. Of note,
muscle activation occurring within the window from 100 milliseconds prior to, to 50 milliseconds
after, the onset of the right anterior deltoid was considered to represent anticipatory muscle
activation (14). To determine the level of muscle electrical activity, the root-mean-square (RMS)
of the EMG signal was calculated over the anticipatory period, defined as the interval spanning

100 milliseconds before to 50 milliseconds after the onset latency (33).

Assessment of pain intensity: To measure the intensity of LBP, immediately before the onset of,
and following the completion of, the prolonged standing period, a 10-centimeter horizontal line
was drawn on a sheet of paper, with the words "no pain™ written at the left end and "worst
imaginable pain" at the right end. Participants were asked to draw a vertical mark on this horizontal
axis to indicate their level of pain. Based on a previous study, an increase of 8 mm in pain intensity
is considered a clinically important difference (40), and was deemed acceptable to allow

participants to report worsening of their back pain symptoms.

Assessment of perceived discomfort and fatigue: Discomfort and fatigue in the lumbar region
and lower leg following prolonged standing were assessed using the Borg scale. This scale
constitutes an important instrument for expressing the degree of exertion experienced by the body
based on physical sensations, including increased heart rate, increased respiration or respiratory
rate, increased sweating, and muscular fatigue (41). The Borg RPE scale demonstrates acceptable
sensitivity and reliability (42). This scale employs a scoring range of 0 to 10, whereby a score of
0 denotes no sensation, 1 denotes very light, 2 denotes light, 3 denotes moderate, 4 denotes
somewhat hard, 5 and 6 denote hard, 7 and 8 denote very hard, 9 denotes very, very hard, and 10
denotes the most extreme sensation of heaviness and fatigue following a highly demanding

activity, such as prolonged standing.
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Assessment of LBP-related disability: Oswestry Disability Index (ODI): This questionnaire
comprises items that clarify the extent to which LBP affects an individual's ability to perform
activities of daily living. The ODI consists of 10 items, each scored on a Likert scale ranging from
0 to 5. A total score falling within the range of 10-20% indicates mild disability, a score of 21—

40% indicates moderate disability, and a score of 41-60% indicates severe disability (43).
Statistical Analysis

Statistical analyses were performed using SPSS version 29. An independent-samples t test was
used to compare demographic and clinical characteristics between participants with CNSLBP and
healthy controls. To examine the main and interaction effects of the independent variables (group
and time) on the dependent variables, a two-way mixed repeated-measures analysis of variance
(ANOVA) was conducted, with group (CNSLBP and healthy control) as the between-subjects
factor and time (before and after prolonged standing) as the within-subjects factor. Whenever a
significant group x time interaction was identified, post hoc analyses were performed using the
Bonferroni adjustment to control for the inflation of the Type | error associated with multiple
comparisons. Given the two study groups and the two measurement time points, the significance
threshold for post hoc comparisons was set at 0.012 (0.05/4). Effect sizes were quantified using
partial eta squared (np?), with values of 0.01 < np* < 0.06 considered small, 0.06 < np* < 0.14
considered moderate, and np? > 0.14 considered large (31). For all other statistical analyses, the

significance level was set at 0.05.
Results

Descriptive and Analytical Results for Demographic and Clinical Characteristics: A total of
30 participants were included in the study, comprising 15 individuals with CNLBP (7 women and
8 men) and 15 healthy controls (7 women and 8 men). The normality of data distribution was
assessed using the Kolmogorov-Smirnov test. In addition, Levene’s test indicated that the
assumption of homogeneity of variances was satisfied for all dependent variables (p > 0.05).
Furthermore, Box’s M test was not statistically significant, indicating that the covariance matrices
were comparable between the two groups. The independent-samples t test revealed no statistically
significant differences between the CNSLBP and healthy control groups in demographic
characteristics, including age, height, body weight, and body mass index (BMI) (all p > 0.05). In
contrast, statistically significant between-group differences were observed for the clinical

characteristics, including LBP intensity measured using the VAS before and after prolonged
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standing, duration of low back pain, percentage score on the ODI, and post-standing perceived
exertion measured using the Borg RPE scale (all p < 0.05). Following prolonged standing, the
perceived level of exertion according to the Borg scale ranged from light to moderate in healthy
controls (2.73), whereas participants with CNSLBP reported exertion ranging from somewhat
difficult to difficult (4.53). Moreover, the increase in LBP intensity following prolonged standing
was significantly greater in participants with CNSLBP than in healthy controls (p < 0.001). In the
CNSLBP group pain intensity also increased significantly following prolonged standing compared
with the pre-standing assessment, with an approximately 3-point increase on the pain scale (p <
0.001). The percentage ODI score also differed significantly between the groups, corresponding
to a mild level of disability in healthy controls and a moderate level of disability in participants
with CNSLBP (p < 0.001) (Table 2).

Statistical Analysis of Onset Latency and Post Hoc Comparisons: For onset latency, a
significant group x time interaction was observed only for the tibialis anterior muscle, with a large
effect size (p = 0.046) (Table 3). Paired-samples t test analysis demonstrated that, in participants
with CNSLBP, tibialis anterior muscle activation occurred significantly earlier after prolonged
standing than before prolonged standing (95% CI: 0.16-1.83; mean difference = 1.26 + 0.41; p =
0.003). In addition, the independent-samples t test demonstrated a significantly lower onset latency
for the tibialis anterior muscle in participants with CNSLBP compared with healthy controls
following prolonged standing (95% CI: —3.01 to —0.76; mean difference = —1.84 = 0.54; p =
0.002). Furthermore, a significant main effect of time was found for the onset latency of the lateral
hamstring muscle (p = 0.02), with a large effect size (Figure 1). A significant main effect of group
was also observed for onset latency in the soleus (p < 0.001) and tibialis anterior (p = 0.005)
muscles, both demonstrating large effect sizes.

Statistical Analysis of RMS and Post Hoc Comparisons: For the RMS variable, a significant
group X time interaction was observed for both the medial hamstring (p < 0.001) and lateral
hamstring (p = 0.007) muscles, with both interactions demonstrating large effect sizes (Table 4).
Post hoc paired-samples t tests indicated that, in participants with chronic nonspecific low back
pain (CNSLBP), RMS values of the medial hamstring (95% CI: 0.24-1.40; mean difference = 0.82
+ 0.41; p = 0.009) and lateral hamstring (95% CI: 0.20-2.36; mean difference = 1.08 £ 0.32; p =
0.007) muscles were significantly lower after prolonged standing compared with the pre-standing

condition. In contrast, RMS values of the medial hamstring muscle in the healthy control group
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were significantly higher after prolonged standing than before prolonged standing (95% CI: 0.95—
4.75; mean difference = 2.85 + 0.43; p = 0.006). Furthermore, a significant main effect of time
was observed for RMS values of the medial hamstring (p= 0.03) and transversus
abdominis/internal oblique (TrA/IO) (p = 0.006) muscles, with large effect sizes (Figure 2). In
addition, analysis of the main effect of group revealed statistically significant differences in RMS
values for the medial hamstring (p = 0.013) and transversus abdominis/internal oblique (p = 0.034)

muscles.

Discussion

The findings of the present study supported our hypothesis, demonstrating that, in individuals with
CNSLBP, prolonged standing resulted in reduced onset latency and decreased anticipatory activity
of several postural muscles of the lower extremities during a voluntary rapid shoulder flexion task
compared with the pre-standing condition. These changes were accompanied by large clinically

meaningful effects.

Consistent with the findings of the present study, previous investigations examining the effects of
muscle fatigue induced by isometric contractions on APAs have reported a reduction in the
magnitude of anticipatory muscle activity (7, 8). Previous studies have also suggested that
impaired postural control following prolonged standing may be primarily attributable to fatigue
and discomfort in the lumbar and lower-extremity regions (32, 33). In the present study,
participants with CNSLBP reported greater perceived fatigue and discomfort in the lumbar region
and lower leg than healthy controls. Prolonged standing can lead to blood pooling and reduced
peripheral circulation, as well as swelling of the feet and lower legs and the development of pain
in these regions (34). Given the important contribution of sensory information from the ankle
musculature and plantar surface of the foot to postural control (35), deterioration of these sensory
inputs may compromise APAs and, consequently, reduce postural control following prolonged
standing compared with the pre-standing condition in individuals with CNSLBP (6, 26, 32, 36,
37). However, these findings appear to contrast with those of a recent study reporting increased
anticipatory activity of several lower-extremity muscles following local and generalized fatigue
induced by exercise in healthy individuals (38). This discrepancy may be explained by differences
in the characteristics of the populations investigated and, importantly, by differences in the
experimental paradigms used to induce postural perturbation. In the present study, the perturbation

was generated by a voluntary rapid shoulder flexion movement, whereas Nardone et al. (2025)
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used a mechanical perturbation produced by applying a pendulum impact to the chest in healthy
individuals. The latter paradigm may have required the central nervous system to adopt a different
postural-control strategy to maintain optimal stability in response to the relatively large mechanical
perturbation produced by the pendulum.

In the present study, prolonged standing also resulted in a significant increase in LBP intensity
among participants with CNSLBP. Specifically, the change in pain intensity induced by prolonged
standing was approximately 3 cm on the VAS. Previous research has suggested that an increase of
approximately 1 cm in pain intensity can be considered clinically meaningful and indicative of
worsening LBP symptoms (39). Numerous studies have demonstrated an association between pain
and impaired postural control (6, 26, 36, 37). It should be noted that the influence of pain on
postural control is not exclusively mechanical; attentional interference may also play an important
role. Given the limited capacity of attentional resources, combined with the potentially threatening
nature of pain, greater attentional resources may be allocated toward processing and monitoring
pain. Consequently, fewer attentional resources may remain available for postural control,

potentially resulting in impaired balance.

Furthermore, according to the hypothesis proposed by Aruin, Latash, and colleagues, under
challenging conditions characterized by postural instability, the central nervous system may
downregulate the magnitude of APAs as a protective strategy against potentially destabilizing
consequences (11). This is because excessively strong anticipatory muscle activation may itself
act as a source of postural perturbation. Thus, under unstable conditions, the potential threat
associated with overcompensation—which may itself induce a perturbation—could outweigh the
benefits of generating strong anticipatory adjustments.

Accordingly, greater postural instability may logically be expected to result in smaller APAs. Since
APAs can themselves contribute to postural perturbation, their attenuation or suppression under
conditions of instability may represent a defensive and compensatory strategy adopted by the
central nervous system (11). Consistent with this concept, other investigators have also reported
reduced APAs under conditions of postural instability. For example, decreased anticipatory
activity of the plantar-flexor muscles has been reported during standing on a narrow support
surface (40), while reduced anticipatory activity of the tibialis anterior and soleus muscles has been
observed during single-leg raising (41). Taken together, the findings of the present study suggest
that, in individuals with CNSLBP, fatigue affecting the muscles of the lumbar and lower-extremity

14



regions, together with the substantial increase in LBP following prolonged standing, may create a
challenging state for postural regulation and contribute to postural instability. Therefore, in
accordance with the proposed hypothesis, attenuation of APAs under these conditions would not

be unexpected.

Another important finding of the present study was the significant main effect of group on onset
latency for several postural muscles, indicating earlier activation of these muscles in individuals
with CNSLBP compared with healthy controls. This finding was associated with a large effect
size. Consistent with this observation, previous studies have reported earlier muscle activation
following fatigue in lower-extremity, upper-extremity, and trunk muscles during rapid shoulder
flexion tasks in healthy individuals (5, 11, 42). Considering the pattern of anticipatory muscle
activity observed in the present study, which generally indicated lower levels of anticipatory
activation in individuals with CNSLBP than in healthy controls, it may be hypothesized that the
earlier activation of these muscles represents a compensatory strategy employed by the central
nervous system. Such a strategy may serve to facilitate postural stability when the ability to
generate the muscular force required for effective postural control is compromised by fatigue.

Several limitations of the present study should be acknowledged. First, the relatively young mean
age of the participants and their moderate level of disability may limit the generalizability of the
findings to individuals with CNSLBP who are older or have greater levels of disability. Second,
the participants with CLBP in the present study had unilateral symptoms. Therefore, the findings
may not be directly generalizable to individuals presenting with bilateral CLBP. Another limitation
was the inability to distinguish the EMG activity of the transversus abdominis and internal oblique
muscles separately. In accordance with the standard recommendations of SENIAM, surface EMG
does not allow reliable differentiation of the activity of these two anatomically adjacent muscles
when using the relevant electrode placement. Therefore, their activity was assessed as a combined
transversus abdominis/internal oblique (TrA/IO) signal. Finally, within-session reliability and
repeatability of the investigated variables were not assessed. Future studies should therefore
consider evaluating the reliability of these measures to strengthen the methodological robustness

and reproducibility of the findings.

Conclusion
The reduction in onset latency and the decreased level of anticipatory activity of some lower-

extremity postural muscles during voluntary shoulder flexion following prolonged standing in
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individuals with LBP may indicate a protective and compensatory strategy adopted by the central
nervous system. Under these challenging conditions of postural instability, in which fatigue,
discomfort, and pain develop in the lower-extremity and lumbar muscles following prolonged
standing, this strategy may help prevent additional perturbations caused by anticipatory activation
of the postural muscles and avoid further deterioration of postural control. Investigating the effects
of physiotherapy interventions on improving postural control and lower-extremity muscle function
following prolonged standing in future studies may represent an effective step toward the
rehabilitation of individuals with LBP.
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Table 1. Surface electrode placement for the muscles examined

Muscle

Surface electrode placement

Transversus abdominis/Internal oblique

The electrodes were placed 2 cm medial and inferior to the

anterior superior iliac spine

Lumbar multifidus

The electrodes were placed along the line: connecting the
posterior superior iliac spine to the intervertebral space
between the first and second lumbar vertebrae, at the level of
the intervertebral space between the transverse processes of the

third and fourth lumbar vertebrae.

Tibialis anterior

The electrodes were placed over.the upper third of the distance

between the head of the fibula and the medial malleolus.

Soleus

The electrodes were placed over the upper two-thirds of the
distance between the medial femoral condyle and the medial

malleolus.

Medial hamstring

The electrodes were placed at the midpoint between the lateral

tibial epicondyle and the ischial tuberosity.

Lateral hamstring

The electrodes were placed at the midpoint between the medial

tibial epicondyle and the ischial tuberosity.

Anterior deltoid

The electrodes were placed over the most prominent portion of
the muscle, 4 cm below the clavicle, along the line connecting

the acromion to the lateral epicondyle of the humerus.
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Table 2. Comparison of demographic and clinical characteristics between the two study groups
using the Independent-Samples t Test

Variable Healthy Controls (N = 15) Chronic Nonspecific Low Back P-value

Mean (SD) Pain (N = 15)

Mean (SD)

Demographic characteristics
Age (years) 29 (7.59) 29.33 (8.24) 0.90
Height (cm) 169.06 (8.00) 170 (8.00) 0.91
Weight (kg) 67 (8.90) 74 (13.93) 0.10
Body mass index (kg/m?) 25.90 (5.65) 25.60 (4.40) 0.72
Clinical characteristics
Low back pain VAS score before 0.00 (0.00) 2.00 (0.37) <0.001*
prolonged standing
Low back pain VAS score after 0.33(0.56) 4.90 (0.75) <0.001*
prolonged standing
Duration of low back pain (months)  — 52 (38.23) —
Oswestry Disability Index score (%)  5.33 (0.33) 37.90 (5.00) <0.001*
Borg Rating of Perceived Exertion 2.73(0.33) 4.53 (1.45) <0.001*

score after prolonged standing

*Statistically significant differences between the groups.
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Table 3. Repeated-measures analysis of variance for muscle electrical activity onset latency

Muscle Effect

Time (main effect)
Medial hamstring Group (main effect)

Group x Time (interaction effect)
Lateral hamstring Time (main effect)

Group (main effect)

Group x Time (interaction effect)
Soleus Time (main effect)

Group (main effect)

Group x Time (interaction effect)
Lumbar multifidus Time (main effect)

Group (main effect)

Group x Time (interaction effect)
Transversus abdominis/Internal Time (main effect)

oblique Group (main effect)
Group x Time (interaction effect)
Tibialis anterior Time (main effect)

Group (main effect)
Group x Time (interaction effect)

Statistically significant differences are shown in bold.

F-ratio
0.03
0.11
0.27
6.25
22.00
0.88
1.84
0.94
1.98
0.44
413
0.18
2.48
0.012
1.98
0.37
9.65
3.24

P-value
0.85
0.73
0.60
0.02*
<0.001*
0.35
0.18
<0.001*
0.17
0.51
0.054
0.67
0.12
0.91
0.34
0.54
0.005*
0.046*

Abbreviations: F-ratio, Fisher's ratio; P-value; probability value; np?, partial eta squared.
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np*
0.01
0.005
0.001
0.20
0.12
0.03
0.07
0.46
0.07
0.02
0.15
0.00
0.09
0.00
0.03
0.01
0.14
0.28



Table 4. Repeated-measures analysis of variance for root mean square values

Muscle
Medial hamstring

Lateral hamstring

Soleus

Lumbar multifidus

Transversus abdominis/Internal

oblique

Tibialis anterior

Effect

Time (main effect)

Group (main effect)

Group x Time (interaction effect)
Time (main effect)

Group (main effect)

Group x Time (interaction effect)
Time (main effect)

Group (main effect)

Group x Time (interaction effect)
Time (main effect)

Group (main effect)

Group x Time (interaction effect)
Time (main effect)

Group (main effect)

Group x Time (interaction effect)
Time (main effect)

Group (main effect)

Group x Time (interaction effect)

Statistically significant differences are shown in bold.

F-ratio
4.90
12.70
15.79
0.41
1.89
7.49
1.32
0.94
3.12
0.94
0.86
1.05
8.82
5.02
0.69
3.31
0.99
1.96

P-value
0.03*
0.01*
<0.001*
0.52
0.18
0.007*
0.25
0.34
0.08
0.34
0.36
0.31
0.006*
0.034*
0.41
0.08
0.32
0.17

Abbreviations: F-ratio, Fisher's ratio; P-value, probability value; np?, partial eta squared.

21

np*

0.14
0.20
0.36
0.01
0.06
0.23
0.04
0.03
0.10
0.03
0.03
0.03
0.24
0.16
0.02
0.11
0.03
0.07
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