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ABSTRACT

9T Motor control changes can contribute to developing and persisting low back pain. It is often
examined using the concept of postural adjustments, and it has at least two components of anticipatory
(APAs) and compensatory postural adjustments (CPAs). Impaired APAs and CPAs have been reported in
individuals with chronic low back pain. The relationship between PA deficits and the ability to maintain
balance during functional activities has not been investigated in individuals with low back pain. Therefore,
this study was aimed to investigate the association between PAs and dynamic balance during functional
reach test (FRT) in standing position among individuals with chronic nonspecific low back pain (NLBP).
In this cross sectional study, 25 individuals with chronic NLBP with a mean age
of 30 years participated. They were recruited by non-probability convenience sampling method.
Electromyographic (EMG) activity of the trunk and lower-limb postural muscles, including the transvers
abdominus/ internal oblique, erector spinae, lateral and medial hamstrings, and soleus were recorded
using surface EMG method. Center of pressure (CoP) displacements using force plate, and displacement
during a FRT were measured. The level of electrical muscle activity, the delay in the onset of muscle
activity, and the values of medial-lateral (ML) and anterior-posterior (AP) CoP displacement were the
main study variables. The relationship between variables was examined using Pearson’s correlation test.
[{EENTE Participants had low disability and moderate physical activity level. Results indicated a significant
positive relationship between the electrical activity level of the medial hamstring during the APA phase
and the ML CoP displacement (r=0.38, P=0.019). Also, the lateral hamstring activity level was positively
and significantly correlated with ML CoP displacement during CPA phase (r=0.46, P=0.009). Considering
that the correlation coefficients values were less than 0.50, relationships weak. No statistically significant
relationship was observed in other muscles.

[T Altered feedforward and compensatory motor control strategies of lower limb postural
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Introduction

ow back pain is a common experience

among people all over the world [1].About

85% of individuals report low back pain at

least once in their lives [1, 2]. In 85% of

people with low back pain, paraclinical find-
ings are negative and no specific pathology is found
[2]. This type of back pain is called non-specific low
back pain (NSLBP) [3]. In 80% of people with NSLBP,
chronic symptoms persist for up to one year after the
onset of pain [4]. Chronic NSLBP has an adverse ef-
fect on the independence and quality of life and it is
considered as the most important reason for activity re-
striction among people aged <45 years [5, 6]. Although,
available evidences confirm the multifactorial nature of
chronic NSLBP, it seems that among numerous physi-
cal and psychosocial causes known [7, 8], changes in
motor control represent one of the key factors involved
in the development and chronicity of low back pain [7-
9]. Thus, motor control deficits are strongly associated
with chronicity and recurrence of low back pain [10]. In
addition, motor control deficits have been identified as
factors contributing to the occurrence of balance disor-
ders in people with chronic NSLBP [11]. The ability to
maintain dynamic balance control during daily activities
is essential and balance dysfunctions can increase risk
of falls [12].

Motor control is often studied using the concept of
postural adjustments (PAs). Accordingly, to maintain
dynamic balance, the central nervous system (CNS)
controls the initiation of voluntary movements us-
ing overlapping and related PAs, such as anticipatory
(APAs) and compensatory (CPAs) [11]. APAs are gen-
erated through a feedforward control strategy before
the commencement of voluntary movement. APAs are
typically generated 100—150 ms before voluntary move-
ment [ 12—14]. They reflect neural control strategies em-
ployed by the CNS to preserve postural stability by reg-
ulating the position of the body’s center of mass within
the base of support and compensation for perturbing
forces generated by voluntary movements and by pre-
activating specific muscle groups, thereby reducing
the postural perturbations imposed by the initiation of
voluntary movement [15]. After a postural perturbation
is induced by a voluntary movement, body posture is
controlled by the CNS using a feedback-based strategy
[16], and these responses are identified as CPAs [17].
Therefore, the goal of CPAs is to restore the location of
the center of mass following a perturbation [18]. These
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adjustments are typically made 50-300 ms after the per-
turbation [19-21] and utilize the flow of sensory infor-
mation entering the system [19]. Importantly, effective
control of the APA system can reduce the need for CPAs
[22]. Therefore, motor control system employes differ-
ent strategies, such as APAs and CPAs, to control body
posture during dynamic activities.

A review study found a delayed activation of the trunk
muscles in response to expected perturbations (e.g. vol-
untary limb movements) and unexpected perturbations
in individuals with low back pain, indicating the im-
pairment of APAs and CPAs in these individuals [23],
although a research gap in this area still remains. Previ-
ous studies have mostly examined the maintenance of a
neutral trunk position during upper limb lifting [24-26]
and have not assessed PAs during large trunk move-
ments. This is despite the association between the risk
of low back pain and large trunk movements [27, 28].
Therefore, it is essential to examine motor control dur-
ing activities involving trunk movement and displace-
ment. Although PAs have often been studied in standing
positions, the role of lower limb postural muscles has
received less attention. According to Allery et al., low
back pain is not necessarily linked with defect in motor
control system in a specific muscle or muscle group, and
this disorder can be caused by broad alterations in neural
control of the complex lumbopelvic-lower limb segment
that manifests itself based on postural demands or specif-
ic functional activities [25]. Motor control deficits in the
gastrocnemius, hamstring, and gluteus maximus muscles
have been indicated in individuals with low back pain
[24]. On the other hand, the association between PA defi-
cits and balance has not been examined in individuals
with low back pain during functional reach test (FRT),
a common, simple, and reproducible clinical tool for as-
sessing dynamic balance control, which is performed in
a standing position and is accompanied by trunk move-
ment. Maintaining balance during this test requires the
ability to control optimal movement in the trunk and
lower limb muscles [29]. Therefore, considering the
existing research gap, this study aimed to examine the
relationship between PAs and dynamic balance control
during a FRT in individuals with chronic NSLBP.

Materials & Methods

This cross-sectional study was performed at the Reha-
bilitation Research Center, Ahvaz Jundishapur Univer-
sity of Medical Sciences, Ahvaz, Iran. Participants in-
cluded men and women aged 18-45 years with chronic
NSLBP referred to physiotherapy clinics. The sample
size was calculated as 25 based on previous studies [23,
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24] and considering a test power of 80%, a significance
level of 0.05, and an effect size of 0.25. Sampling was
performed using a convenience sampling method. Pain
in the right lumbar region (between the first lumbar ver-
tebra and the gluteal fold) with or without pain referred
to the right lower limb, which was present for at least
3 months and a visual analogue scale (VAS) <3 were
considered as inclusion criteria. Considering the impact
of chronic pain on muscle function, only people with
low back pain on the right side were included in the
study. Dizziness, epilepsy, inner ear problems, low back
pain due to infection, fracture or pathology, low back
pain with neurological symptoms, history of surgery in
the back or lower limbs, having other musculoskeletal
problems such as previous fractures of the lower limbs,
neck pain, knee pain, severe brain injury and inability to
follow instructions, history of cardiovascular problems,
and use of opioid drugs were considered as exclusion
criteria.

Initially, the levels of disability and physical activity
were assessed using the Oswestry disability index (ODI)
and the Baecke physical activity questionnaire (BPAQ),
respectively. Next, a FRT in standing position was per-
formed for dynamic balance assessment. During this
test, electrical muscle activity using an electromyogra-
phy (EMG) device and the center of pressure (CoP) us-
ing a force plate were recorded simultaneously. For this
purpose, an accelerometer was attached to the partici-
pants’ right elbow. After connecting the EMG surface
electrodes to the individual’s body, the individual stood
on the force plate with their right side facing the wall
and both feet shoulder-width apart. A tape measure was
attached to the wall at the individual’s shoulder level.
Then, the individual raised both arms 90 degrees with
the elbows fully extended and the wrists pronated, hold-
ing a small bar in the hand and standing in a relaxed and
alert position. Next, after hearing the command “move”,

Table 1. Surface electrode placement on the study muscles
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the individual was asked to count to 3 and then reach
forward as far as possible without stepping or losing the
balance, while standing in a fixed position. The distance
between the initial and final positions was measured in
centimeters (Figure 1). This FRT was performed three
times, with a one-minute rest interval between repeti-
tions. The mean distance traveled was recorded. Note-
worthy, due to the effect of height on distance traveled
in the FRT, the average distance traveled was divided
by height, and the resulting number indicated the indi-
vidual’s functional balance score, used for subsequent
analyses.

Recording the muscle electrical activity

Using a wireless surface EMG device and surface
electrode placement, the EMG activity of the trunk and
lower-limb postural muscles, including the transverse
abdominis/internal oblique, erector spinae, medial and
lateral hamstrings, and soleus on the right side, was
measured. The selection of muscles was made accord-
ing to previous studies reporting the contribution of
these muscles to PAs, and considering type of activity
being studied (functional reach). After cleaning the skin
using alcohol, electrodes were positioned in parallel
with the muscle fibers. The electrode placement method
was performed based on the SENIAM standard guide
(Table 1). In order to process the EMG data using an
accelerometer, the moment when the subject started
to move the limb (T0) was determined. Then, the two
main variables of PA, including the onset time (delay)
of activity and the electrical activity of the muscles were
calculated from 150 ms before to 200 ms after the start
of limb movement relative to TO. For this purpose, two
time intervals were considered: 150 ms before to 50 ms
after relative to TO (considered to examine APAs) and
50 ms after to 200 ms after relative to TO (considered to
examine CPAs).

Muscle

Surface Electrode Placement

Transverse abdominis/Internal
oblique

Erector spinae

Soleus
malleolus.

Lateral hamstring

Medial hamstring

Electrodes were placed 2 cm medial and inferior to the anterior superior iliac spine.
Electrodes were placed two finger widths lateral to the spinous process of the first lumbar vertebra.

Electrodes were placed on the upper 2/3 of the line between the medial femoral condyle and the medial

Electrodes were placed at the midpoint between the lateral tibial epicondyle and the ischial tuberosity.

Electrodes were placed at the midpoint between the medial tibial epicondyle and the ischial tuberosity.
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Figure 1. Recording of muscle electrical activity and CoP displacement during a FRT.

MATLAB 2016 software was applied for data process-
ing. The EMG signals were filtered at 10-500 Hz and
then sampled at a frequency of 1000 Hz. To determine
the delay in the start of muscle electrical activity, it is first
necessary to determine the onset time of muscle activity.
The onset time was considered as the moment when the
increase in signal amplitude exceeded the mean level of
the background electrical activity by two standard de-
viations and this increase persisted for 50 ms. The time
interval between the onset of muscle electrical activity
and the moment of maximum deflection of initial accel-
erometer was then considered as the delay in the onset
of muscle electrical activity. To determine the level of
muscle electrical activity, after rectifying and applying
a two-way Butterworth low-pass filter with a cutoff of
250 Hz, the background electrical activity was deter-
mined 600-800 ms before the start of movement. Then,
the root mean square of the muscle electrical activity in
the anticipatory and compensatory activity interval was
calculated. Thus, the average of EMG signals in the time
intervals were integrated. The integrated electrical activ-
ity refers to the sum of the muscle activity in each time
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interval for each muscle from which the background
muscle activity was subtracted. Also, to make the elec-
trical activity of muscles comparable between different
individuals, the ratio of the integrated muscle activity
to the background muscle activity was calculated. For
both EMG variables (delay in onset of electrical activ-
ity and muscle electrical activity level), the average of
the signals of three repetitions was calculated for each
individual.

Dynamic balance assessment

The CoP data including the torque and ground reaction
force were recorded during the FRT with a six-channel
Kistler force plate at a sampling frequency of 100 Hz.
After coding in MATLAB 2016 software, the amount
of CoP displacement in the anterior—posterior (AP) and
medial-lateral (ML) directions was used for subsequent
analyses.

Orakifar N, et al. Relationship Between Postural Adjustments and Dynamic Balance Control. RJ. 2026; 27(2):286-305.
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Oswestry disability index

The ODI clarifies how low back pain affects the in-
dividual’s capability to do activities of daily living and
includes 10 items rated on a Likert scale ranging from 0
to 5. The total score is divided by the maximum possible
score (i.e. 50), and multiplied by 100 to produce a per-
centage. A score of 10-20% indicates mild disability, a
score of 21-40% shows moderate disability, and a score
of 41-60% reflect severe disability. The psychometric
characteristics of the Persian version of ODI were con-
firmed by Mousavi et al. [30].

Baecke physical activity questionnaire

The BPAQ evaluates a person’s level of physical ac-
tivity with 16 items and 3 domains: physical activity at
work, physical activity in sports, and leisure-time physi-
cal activity. Each item was rated on a 5-point Likert
scale from 1 (never) to 5 (always). The total score range
is 0-15, with higher scores indicating higher physical ac-
tivity. The psychometric properties of the questionnaire
have been reported to be acceptable [31].

Visual analogue scale

The VAS was used to assess the level of low back pain
in participants immediately after the their entrance to the
research site. For this purpose, a 10 cm horizontal line
with the labels “no pain” (left) and “worst pain imagin-
able” (right) was drawn on a paper sheet and participants
were asked to mark a point on this horizontal line to de-
scribe their perceived pain.

2026. Vol 27. Issue 2

Statistical analysis

SPSS software, version 29 was using for statistical
analysis. Given the normal distribution of the data, the
relationship between variables was examined using
Pearson’s correlation test. In this test, a correlation co-
efficient (r) of 0-0.25 shows no correlation, 0.25-0.50
weak correlation, 0.50-0.75 moderate to good correla-
tion, and >0.75 strong correlation. P<0.05 was consid-
ered statistically significant.

Results

In this study, 25 individuals with chronic NSLBP
(15 women and 10 men) with a mean age of about 30
years participated (Table 2). They had a moderate level
of physical activity and mild disability. The results of
Pearson’s correlation test for assessing the relationship
between the delay in the onset of muscle electrical ac-
tivity and the CoP displacement at AP and ML direc-
tions, between the level of muscle electrical activity in
the APA phase and the CoP displacement at AP and ML
directions, and between the level of muscle electrical
activity in the CPA phase and the CoP displacement at
AP and ML directions are presented in Tables 3, 4, and
5, respectively. According to the results, the relationship
between the electrical activity level of the medial ham-
string in the APA phase and the ML CoP displacement
(r=0.38, P=0.019) and the relationship between the elec-
trical activity level of the external hamstring in the CPA
phase and the ML CoP displacement (r=0.46, P=0.009)
was significant and positive. Given that the correlation
coefficient value was less than 0.50, these relationship
were weak. No statistically significant relationship was
observed in other muscles.

Table 2. Demographic and clinical information of the participants (n=25)

Variables MeanzSD
Agely) 29.93+6.97
Height (cm) 170.0349.12
Weight (kg) 73.85£12.72
ODl score 3+1.2
Total BPAQ score 7.23+0.52
VAS score 2+0.33
Distance traveled in the FRT (cm) 1543
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Table 3. Relationship between the delay in the onset of muscle electrical activity and the CoP displacement at the AP and ML directions

Variables Test Results”
Displacement in AP direction P=0.68, r=-0.07
Transverse abdominis/Internal oblique
Displacement in ML direction P=0.93, r=0.01
Displacement in AP direction P=0.45, r=-0.13
Soleus
Displacement in ML direction P=0.68, r=0.07
Displacement in AP direction P=0.67, r=-0.07
Erector spinae

Displacement in ML direction P=0.20, r=0.23

Displacement in AP direction P=0.14, r=-0.26
Medial hamstring

Displacement in ML direction P=0.34, r=0.17

Displacement in AP direction P=0.46, r=-0.13
Lateral hamstring

Displacement in ML direction P=0.78, r=0.05

Archives of

Abbreviations: AP: Anterior-posterior, ML: Medio-lateral, CoP: Center of pressure. Rehabilitation

“Pearson’s correlation test.

ternal hamstrings in both the APA and CPA phases and the
ML CoP displacement. In other words, in individuals with
chronic NSLBP, changes in anticipatory and compensatory
movement control strategies are associated with a greater
CoP displacement in the ML plane and, eventually, with
the occurrence of dynamic balance control disorders in this
direction (plane) during a FRT. In a recent study, deficits in

Discussion

The primary objective of this study was to determine the
relationship between PAs and dynamic balance control
during a FRT in individuals with chronic NSLBP. Based
on the results, a significant positive relationship was found
between the electrical activity level of the medial and ex-

Table 4. Relationship between the level of muscle electrical activity in the APA phase and the CoP displacement at the AP and ML directions

Variables Test Results”

Displacement in AP direction P=0.38, r=-0.16
Transverse abdominis/Internal oblique
Displacement in ML direction P=0.83, r=-0.03
Displacement in AP direction P=0.30, r=-0.18
Soleus
Displacement in ML direction P=0.93, r=-0.01
Displacement in AP direction P=0.26, r=-0.2
Erector spinae

Displacement in ML direction P=0.26, r=0.2
Displacement in AP direction P=0.47,r=0.13

Medial hamstring

Lateral hamstring

Displacement in ML direction
Displacement in AP direction

Displacement in ML direction

P=0.019, r=0.38
P=0.53, r=0.13

P=0.19, r=0.42

Abbreviations: AP: Anterior-posterior, ML: Medio-lateral, CoP: Center of pressure.

*Pearson’s correlation test.

Orakifar N, et al. Relationship Between Postural Adjustments and Dynamic Balance Control. RJ. 2026; 27(2):286-305.
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Table 5. Relationship between the level of muscle electrical activity in the CPA phase and the CoP displacement at the AP and ML

directions

Variables

Test Results”

Transverse abdominis/Internal oblique

Soleus

Erector spinae

Medial hamstring

Lateral hamstring

Displacement in AP direction P=0.19, r=-0.42
Displacement in ML direction P=0.51, r=-0.12
Displacement in AP direction P=0.46, r=-0.13
Displacement in ML direction P=0.98, r=-0.03
Displacement in AP direction P=0.42,r=-0.14
Displacement in ML direction P=0.26, r=0.2

Displacement in AP direction P=0.67, r=0.54
Displacement in ML direction P=0.24, r=0.21
Displacement in AP direction P=0.15, r=0.25
Displacement in ML direction P=0.009, r=0.46

Abbreviations: AP: Anterior-posterior, ML: Medio-lateral, CoP: Center of pressure.

“Pearson’s correlation test.

dynamic balance control in the ML plane was also reported
in individuals with chronic low back pain [32]. Notewor-
thy, in our study, the participants were young and had mod-
erate physical activity and their level of disability was mild.
Therefore, although the observed associations between the
variables were weak, it can be said that the worsening of
motor control deficits with the increase of age, duration of
low back pain, pain severity, and disability in individuals
with chronic low back pain may be more strongly associ-
ated with impaired range of stability and the inability to
maintain dynamic balance. However, this hypothesis re-
quires further investigation.

According to previous studies, the amount of muscle elec-
trical activity during the CPA phase relies on the accessibil-
ity of the muscles’ anticipatory activity. Thus, production
of strong APAs can lead to less compensatory responses
[33, 34]. In other words, the CNS, after examining the ef-
fects of APAs, plans to produce or weaken compensatory
postural activity [35]. Since the production of high levels
of electrical activity after the onset of voluntary movement
and during the CPA phase, in addition to increasing energy
expenditure, can threaten to create a disturbance in the sys-
tem that need to be controlled by other control strategies
when faced with large postural disturbances, optimal use of
anticipatory postural corrections and consequently reduced
compensatory activity of postural muscles is a general rule
of the CNS [35]. However, in cases where anticipatory ac-
tivity is insufficient or the disturbance is large, the produc-
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tion of large muscle activity in the compensatory phase is
inevitable to maintain balance. In these cases, the distur-
bances introduced by the initiation of voluntary movement
can be counteracted by the muscle responses produced af-
ter the disturbance [36].

According to previous studies, the FRT used to measure
the stability of individuals is affected by multiple factors,
including physical (flexibility and strength) and psycho-
logical (fear of falling and depression) [37, 38]. Although
these factors were not directly measured in our study, given
the low mean age (approximately 30 years) and minimal
disability reported using the ODI, it can be assumed that
the PA deficits during the FRT are well compensated by
other factors in individuals with chronic NSLBP. It is rec-
ommended to investigate this hypothesis among older indi-
viduals suffering from low back pain with severe pain and
disability.

This study had some limitations. Age and level of disabil-
ity of the participants was low. Despite the importance of
the CoP displacement as a repeatable indicator in the study
of balance control, which was used in our study, it is rec-
ommended that other CoP variables such as displacement
speed and oscillation area be analyzed in future studies. Due
to laboratory limitations, electrical activity was recorded in
only five muscles in the present study. It is recommended
that electrical activity be recorded in more muscles and bi-
laterally in future studies.

Orakifar N, et al. Relationship Between Postural Adjustments and Dynamic Balance Control. RJ. 2026; 27(2):286-305.
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Conclusion

Changes in the anticipatory and compensatory move-
ment control strategies of the lower limb postural muscles
in individuals with chronic NSLBP are associated with
greater CoP displacement in the ML plane during the FRT.
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9. Pre-activation

10. Feed back

11. Expected perturbation
12. Neutral trunk position
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1. Non-specific low back pain

2. Symptoms

3. Motor control

4. Postural adjustment

5. Overlapping components

6. Anticipatory postural adjustment

7. Compensatory postural adjustment
8. Feed forward
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16. Wireless surface electromyography
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13. Functional reach test
14, Oswestry disability index
15. Beck Physical Activity Questionnaire
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17. Root mean square
18. Integration
19. Inegrated tEMG
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