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Abstract
Article History: Objectives: The core muscles of individuals with low back pain show a different activity
Received: 18 November 2024 pattern than the healthy group during load lifting. This issue may be due to changes in spinal
Revised: 28 February 2025 control mechanisms, such as muscle synergies. The present study aimed to compare the
Accepted: 04 March 2025 synergy pattern of selected core muscles and lower limb muscles during load lifting and
ePublished: 21 June 2025 lowering with two different techniques among females with non-specific back pain in

comparison with the healthy group.

Methods: A total of 18 healthy females with non-specific back pain and 18 match controls
participated in this study. The activity of 8 muscles of the core and lower limbs was recorded
while lifting a load of 10% of the subject's mass with stoop and squat techniques. Then, the
pattern of muscle synergies was extracted using the non-negative matrix factorization
algorithm. Pearson's correlation method and independent t-test were used to compare synergy
patterns (P<0.05).
Results: Patients with back pain had a different muscle synergy pattern than those in the
*Corresponding author: Mehrdad healthy group in stoop and squat techniques. The peak muscle synergy patterns of patients in
Anbarian, Department of Sport both techniques were different from those of healthy subjects and were created in a different
. . time cycle of lifting the load.
Blomecha.nlcs/ Facult}l ) of Conclusion: This study indicated that individuals with non-specific back pain use different
Sports Sciences, Bu-Ali Sina synergy patterns during load lifting, and the body's control system may respond differently in
University, Hamedan, Iran patients with non-specific low back pain compared to healthy individuals. The changes
observed in the relative weight of muscles in patients and healthy people may be caused by

. . i the changes in muscle synergy patterns, which require further studies.
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Extended Abstract

Background and Objective

Chronic back pain is persistent discomfort and aching in
the lower or upper back that lasts more than 12 weeks,
as one-third of patients report that one year after an acute
period of the disease, the pain continues. Low back pain
is one of the leading causes of living with disability in
65% of the people in the world. It is known that most of
the injuries caused by excessive activity occur as a result
of lifting activities, which is also known as one of the
main causes of low back pain. In other words, lifting
activities have been identified as risk factors for lower
back pain. Previous studies indicate that various
variables, including the activity of the muscles involved
in the lifting task, have been discussed; however, the
body's control system remains unknown. In recent years,
an issue called muscle synergy, a model for the control
of motor function that reduces the degrees of freedom of
the central nervous system and allows muscle groups to
act as a motor unit, has received attention, which may
help to clarify the neural mechanisms underlying many
injury conditions. The search for a safer lifting technique
has attracted considerable attention due to the high risk
of injury and low back pain associated with frequent
lifting in occupational environments. Despite the well-
known role of lifting in low back problems, the literature
on safer lifting techniques remains controversial. Most
studies have suggested the squat technique as a safer
lifting technique; however, it is known that squat lift is
not always possible due to the lift setup and load size.
Therefore, in the present study, the stoop technique was
also examined due to its more straightforward operation,
lower energy consumption in repetitive lifting tasks, and
better balance. The present work aimed to compare the
synergy pattern of selected core and lower limb muscles
during load lifting with two different techniques among
females with non-specific back pain in comparison with
controls.

Materials and Methods

Electromyography activity of selected core muscles and
some lower limb muscles of 18 healthy females with
non-specific back pain and 18 match controls was
recorded while lifting and lowering a weight equal to
10% of their body weight. Subjects in both groups were
asked to lift the bar using two different methods, called
squat and stoop techniques. The non-negative matrix
factorization (NNMF) method was employed to extract
muscle synergies. The cubic interpolation method was
utilized for time normalization of data, and all data was
divided into 101 points. Using coding in MATLAB
program, the NNMF method was used for each
individual, and synergy patterns and synergy peaks were
obtained. A VAF method was used to determine the
number of synergies needed to build the main matrix.
Pearson's correlation test was employed to compare
synergy patterns, and the independent t-statistical
method was used to compare peak synergies. In
addition, a significant level of P<0.05 was considered.

Results
In the stoop technique, three synergies were extracted

using VAF. There was a high correlation for the first
(r=0.981), second (r=0.837), and third (r=0.980)
synergies, which indicates the degree of similarity. In
the first synergy, the peak of synergy in patients with
non-specific low back pain was higher and with a time
delay compared to healthy subjects in the lowering
phase (P=0.03). In the lift phase, the difference between
the two synergy patterns was also evident up to 35% of
the movement (P=0.011). In the second synergy, a
different synergy peak was observed between both
groups (P=0.027). In this way, the synergy peak in the
healthy group was higher in the range of 20-25 cycles
(P=0.038); however, in patients, the synergy peak was
lower and with a time delay (P=0.034). In the third
synergy, the peak of the synergy pattern was lower in
individuals with non-specific low back pain than in
healthy subjects (P=0.025).

Discussion

The results indicated that for both healthy individuals
and patients with non-specific low back pain groups,
three muscle synergies were required for the task of
lifting and lowering the load, and the pattern of synergy
and peak synergy was different in both lifting techniques
among both groups. A few studies have been conducted
on muscle synergy in individuals with low back pain.
Agostini et al. (2018) examined trunk muscle synergies
in subjects with non-specific low back pain during
walking. Their results revealed that patients had
different synergy during walking compared to healthy
subjects. They suggested that the rehabilitation protocol
and motor control exercises should be used to correct
synergy patterns. According to our knowledge, there
was no similar study in this field to make a further
comparison. It seems that the central nervous system in
individuals with non-specific low back pain sends
muscle synergies in a different way compared to healthy
people. It is possible that the nerve pathways in subjects
with low back pain have changed, and different nerve
blocks have been created in the synergy center of the
central nervous system, which means that the movement
control while lifting the load is different in this group.
Patients adopt different neurological strategies for pain
relief. Considering that the number of synergies has not
changed in healthy individuals and patients during
lifting load, it can be concluded that the neural blocks of
synergies for lifting task do not change in both
techniques; however, the patterns of muscle synergies in
both groups had different peaks and time shifts during
lifting with two techniques. This finding is probably the
reason for the observed differences in the intensity of
muscle activity mentioned in previous studies.

Conclusion

In conclusion, the findings of the present work indicated
that individuals with non-specific back pain use
different synergy patterns during load lifting, and the
body's control system may respond differently in
patients with non-specific low back pain compared to
healthy individuals. The changes observed in the
relative weight of muscles in patients and healthy
individuals may be caused by the changes in muscle
synergy patterns.
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