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Abstract

Objectives: Balance control is a crucial issue in patients with low back pain. Despite existing
studies, the mechanism of balance control in patients with low back pain, especially under
different loading conditions at various heights, remains unclear. Therefore, this study aimed
to investigate the effect of height on balance during loading.

Methods: In this cross-sectional study, 54 low back pain patients and 20 healthy male
individuals participated. Balance control was assessed using a force plate system. The
participants were randomly instructed to lower the load from above the head to waist level
and from waist level to the ground. The load was approximately 10% of the participants' body
weight. The P value was established 5% level of significance.

Results: The results showed that during lifting from above the head to waist level and from
waist level to the ground, there were significant differences (P<0.05) in variables such as
medial-lateral and anterior-posterior velocity, total mean velocity, and center of pressure
displacement in the anterior-posterior direction between the two groups. Intra-group
comparisons of variables in healthy individuals and low back pain patients indicated
significant differences (P<0.05) in all variables except anterior-posterior velocity in healthy
individuals. Both groups exhibited increased postural sway while lowering at a lower height.

Conclusion: The present study demonstrates that both healthy individuals and low back pain
patients display less balance when loading at a lower height with a flexed lumbar spine,
indicating that considering these findings could contribute to rehabilitation, determining
occupational conditions, and preventing workplace-related accidents.

Keywords: Balance control, Eccentric contraction, Low back pain, Postural control, Load
height, Force plate, Load, Center of pressure
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Extended Abstract

Background and Objective

Workplace environments and occupational tasks expose
individuals to chronic lower back pain, a major cause of
disability with significant costs. Approximately 50% to
80% of adults experience this condition at some point in
their lives. Physical factors, such as excessive
compressive forces, repetitive movements, and
awkward postures, are among the most important risk
factors. Patients with lower back pain exhibit alterations
in proprioception, trunk muscle control, and postural
balance, which can lead to pain, disability, and the
chronification of symptoms. Carrying and placing loads
poses a challenge to balance maintenance, potentially
leading to postural instability. Studies have shown that
placing loads, especially from a low height, applies
greater forces and torques on the spine, increasing the
risk of injury. However, limited research has examined
the influence of different load-lowering heights on
balance, particularly in patients with lower back pain.
This study aims to investigate this effect. The first
hypothesis states that placing a load from a lower height
elicits greater balance responses in patients with lower
back pain. The second hypothesis is that healthy
individuals also  demonstrate greater balance
fluctuations under these conditions.

Materials and Methods

Participants

This cross-sectional study included 54 men with chronic
non-specific lower back pain and 20 healthy men. The
mean age of the participants in the lower back pain
group was 33.37+£9.23 years, while it was 31.75+7.43
years in the healthy group. The sample size was
determined based on the average velocity of the center
of pressure (CoP) displacement, with a confidence level
0f 97.5% and a power of 95%. Participants were selected
through non-random convenience sampling from
patients at a physiotherapy clinic and healthy individuals
from the university. The inclusion criteria were chronic
lower back pain for more than 12 weeks without pain
radiating down the leg. Individuals with cognitive
impairment, radicular pain, neurological symptoms,
spinal surgery, cardiovascular problems, and the use of
medications affecting balance were excluded from the
study. Healthy participants were required to lack a
history of chronic lower back pain or postural control
exercises in the past two years. The age range for all
participants was between 18 and 55 years. Before
participating, all individuals were explained the test, and
then an informed consent form was signed. This
research was designed and conducted according to the
principles of the Declaration of Helsinki, and ethical
approval was obtained from the Ethics Committee of the
University.

Instruments and Method

A Kistler 9260AA6 force plate system was used to
assess variables related to the CoP and to examine
balance control. The system recorded data at a sampling
frequency of 100 Hz. Initially, participants were
familiarized with the test protocol to ensure the correct
performance of the tasks. The test consisted of two
motor tasks in which participants had to transfer a box
from overhead to waist level and then from waist level

to the ground. To maintain standardization, the box was
suspended using a rope at the level of the anterior
superior iliac spines. In this test, participants were
assessed in two positions: 1) overhead: arms were
extended and elbows were completely straight, and
waist level: the box was in front of the subject without
contact with the body. Each individual stood barefoot on
the force plate with a pelvic-width distance between
their heels. They had to keep their knees and elbows
straight when lowering the box. The weight of the box
was equivalent to 10% of each subject's body weight.
Each test was performed in triplicate, and the recorded
data were averaged. To prevent fatigue, a one-minute
rest period was allowed between each repetition.

Data Processing

The data recorded from the force plate were processed
using MATLAB software (R2018a). To examine
posture  control, eight center-of-pressure-related
variables were calculated, including the mean and
standard deviation of CoP displacement and velocity in
both the anterior-posterior (AP) and medial-lateral (ML)
directions, the total phase plane portrait, and the phase
plane portrait in each of the AP and ML directions.

Statistical Analysis

Statistical analyses were performed using SPSS
software version 20. Quantitative data were described
using mean and standard deviation, while qualitative
data were presented using frequency and percentage.
The normality of the data distribution was assessed
using the Kolmogorov-Smirnov test. Paired t-tests and
Wilcoxon signed-rank tests were used to compare
within-group data, and independent t-tests and Mann-
Whitney U tests were employed to compare between-
group data. The significance level was determined at
0.05.

Results

The mean and standard deviation of the demographic
characteristics of the participants are presented in table
1. No significant differences were observed between the
two groups (P>0.05).

Between-group comparison: During load placement, the
ML and AP velocity and displacement variables of the
CoP showed a significant difference in reduced
fluctuation in patients compared to the healthy group
(P<0.05) (Tables 2 and 3).

Within-group comparison: In both groups, increased
fluctuation was observed when placing the load at a
lower level. In patients, all variables were significantly
different (P<0.05) except for the AP velocity in the
healthy group (Tables 4 and 5). Based on previous
studies, the mean total velocity is the most reliable
indicator of postural control, especially in challenging
tasks for patients with lower back pain.

Discussion

This study showed that the CoP fluctuation was
significantly different between patients and healthy
individuals when placing a load from high and low
heights. In both groups, the fluctuation was greater when
placing the load from a lower height. This increased
fluctuation may be due to the effect of eccentric muscle
contractions, changes in movement kinematics, and the




additional load placed on the musculoskeletal system.
Moreover, in the between-group comparison, patients
showed reduced CoP fluctuation, likely due to different
control strategies in these individuals. Light loads can
improve trunk proprioception and reduce postural
fluctuation. This study was limited by its single-sex
sample and the use of a standardized external load (10%
of body weight), potentially impacting the observed
results. Future research should expand the range of

lifting heights and directly assess spinal forces.

Conclusion

The present study indicated that both healthy individuals
and those with lower back pain exhibited reduced
balance during loading at lower heights when the back
was flexed. It appears that considering these findings for
rehabilitation, determining occupational conditions, and
preventing accidents during work could be beneficial.

Please cite this article as follows: Shahbazi M, Sarrafzadeh J, Akhlaghi S, Negahban H. The Impact of Eccentric Contraction
Caused by Lowering the Load from Different Heights on Postural Control Strategies in Low Back Pain Patients and Healthy People.
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