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ABSTRACT

Chronic nonspecific low back pain (NSCLBP) is commonly associated
with altered gait mechanics and impaired postural control, particularly in overweight
and obese individuals. Resistance-based training such as TRX and anti-inflammatory
supplements like curcumin may offer therapeutic benefits. This study investigated the
effects of a six-week TRX training program combined with curcumin
supplementation on ground reaction forces and center of pressure measures during
walking and static standing in overweight and obese women with NSCLBP.

This quasi-experimental, pretest—posttest study included 36 overweight and
obese women with NSCLBP, who were randomly assigned to three groups: control
(n =12), TRX training plus curcumin supplementation (n = 12), and TRX training
plus placebo (n = 12). GRF variables, dynamic COP measures during walking, and
static COP parameters were assessed at baseline and after the six-week intervention.
The TRX training protocol was performed three times per week by both training
groups, with either curcumin or placebo supplementation administered throughout the
intervention period. Between-group differences in outcome changes (A = posttest —
pretest) were analyzed using one-way analysis of variance, with the significance level
set at P <0.05.

The results indicated that six weeks of TRX training, irrespective of
supplementation, led to significant reductions in selected GRF variables during
walking compared with the control group (P < 0.05). In contrast, no significant
between-group differences were observed for dynamic COP measures during walking
or for static postural COP parameters following the intervention.

A six-week TRX training program, with or without curcumin
supplementation, effectively reduced ground reaction forces during walking in
overweight and obese women with NSCLBP. However, neither TRX training nor
curcumin supplementation produced significant changes in dynamic or static COP
measures. These findings suggest that TRX-based resistance training may primarily
influence kinetic aspects of gait rather than postural control mechanisms in this
populationldren.
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1. Introduction

Low back pain (LBP) is defined as pain or discomfort localized between the lower costal margin and the
gluteal folds, with or without radiation to the lower extremities (1). Among its various subtypes,
nonspecific low back pain accounts for the majority of cases, as no identifiable pathological cause can be
determined in most patients (2). Despite the absence of a clear structural diagnosis, nonspecific low back
pain is frequently accompanied by biomechanical alterations, including changes in gait mechanics, loading
patterns, and postural control strategies (4).

Epidemiological evidence indicates that women with higher body mass index (BMI) exhibit a greater
prevalence of low back pain, suggesting a potential interaction between excess body mass, altered
movement mechanics, and spinal loading (5). Individuals with low back pain often adopt slower walking
speeds as a protective strategy, which may paradoxically increase vertical ground reaction forces during
gait and impose greater mechanical demands on the musculoskeletal system (6). In addition, patients with
chronic nonspecific low back pain (NSLBP) demonstrate reduced postural stability compared with healthy
individuals, and this instability appears to be closely associated with pain severity and sensorimotor
dysfunction (9). NSLBP has also been identified as a condition that disrupts balance control across the
lifespan, particularly in the presence of age- and weight-related neuromuscular decline (10).

Given the altered force transmission and pressure distribution observed during walking in individuals with
NSLBP, therapeutic interventions aimed at modifying ground reaction force characteristics have gained
increasing attention (12). Exercise-based interventions are widely recognized as effective strategies for
improving functional performance, reducing pain, and enhancing neuromuscular control in patients with
low back pain (13,14). Among these approaches, total body resistance exercise using suspension systems
such as TRX has been proposed to enhance core stability, muscle coordination, and load distribution during
dynamic tasks.

In parallel, growing interest has emerged in the use of herbal and nutritional supplements as adjunctive
therapies for musculoskeletal disorders. Curcumin, a bioactive polyphenolic compound derived from
turmeric, exhibits well-documented antioxidant and anti-inflammatory properties and has been investigated
for its potential role in pain modulation and tissue protection (19). Previous research has reported that
specific formulations of curcumin, such as nanobubble curcumin extract, may reduce peak vertical ground
reaction forces during walking, thereby potentially lowering mechanical stress on the lower limb
musculoskeletal system (20). However, existing studies have predominantly examined the effects of either
resistance training or curcumin supplementation in isolation. For example, prior investigations by Gulmez
et al. (2017), Peng et al. (2019), Doyle et al. (2023), and Senpasit et al. (2023) have focused on single-
modality interventions, limiting insight into potential synergistic effects (17,20-22). To date, the combined
influence of TRX-based resistance training and curcumin supplementation on gait kinetics and postural
control in individuals with NSLBP remains largely unexplored.

Therefore, the present study aimed to investigate whether six weeks of total body TRX resistance training
combined with curcumin supplementation would influence ground reaction forces and center of pressure
behavior during walking and static standing in overweight and obese women with chronic nonspecific low
back pain.

2. Methods

The statistical population of this study consisted of women with chronic nonspecific low back pain
(NSLBP) who had attended specialized orthopedic clinics in Birjand, Iran, for the treatment of chronic low
back pain during the previous year. The study adopted a quasi-experimental pretest—posttest design. A total
of 36 overweight and obese women (mean age: 44 years) who met the inclusion criteria were recruited and
randomly allocated into three groups of equal size (n = 12): a control group, a TRX training plus curcumin
supplementation group (Training + Curcumin), and a TRX training plus placebo group (Training +
Placebo). Prior to participation, written informed consent was obtained from all participants, and the study
protocol complied with ethical standards for research involving human subjects. Inclusion criteria included
a body mass index (BMI) greater than 25 kg/mz, physician-confirmed diagnosis of chronic nonspecific low
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back pain, absence of a history of lumbar surgery, lumbar disc herniation, congenital structural
abnormalities, or acute spinal trauma, and no use of sedative or analgesic medications during the study
period. Additional exclusion criteria for participants assigned to the curcumin group included a history of
active gastric ulcer, gastrointestinal bleeding, gallstones or bile duct obstruction, and the use of
anticoagulants, hydantoins, lithium, corticosteroids, methotrexate, or colchicine (23).

Ground reaction forces (GRFs) during walking were recorded using an Iranian-manufactured force plate
(Danesh Salar Iranian, model DSI). Participants initiated walking approximately seven steps before
reaching the force plate to ensure a steady-state gait pattern, and data were sampled at a frequency of 200
Hz to capture natural walking dynamics (24). Each participant completed three successful walking trials,
during which they contacted the force plate naturally without targeting it and continued walking beyond
the platform. Heel contact and toe-off events were identified using a vertical GRF threshold of 10 N (25).
Static center of pressure (COP) variables were assessed by instructing participants to stand quietly on the
force plate for 10 seconds. Temporal characteristics of GRF and COP variables were normalized to the
percentage of total foot—ground contact time and processed using MATLAB software (MATLAB R2010b;
MathWorks Inc., Natick, MA, USA).

Participants in the Training + Curcumin and Training + Placebo groups completed a six-week TRX-based
resistance training program consisting of three supervised sessions per week at an intensity of 50-60% of
maximal heart rate. Each session included a 10-minute warm-up involving stretching exercises targeting
the lower back, pelvis, gluteal muscles, and thighs, followed by 40-60 minutes of TRX exercises and a 5-
minute cool-down period (26). Throughout the intervention period, participants in the Training + Curcumin
group consumed 500 mg curcumin capsules daily, whereas those in the Training + Placebo group received
visually identical placebo capsules (23,27).

3. Results

The results of the present study indicated that six weeks of TRX training, with or without curcumin
supplementation, led to significant reductions in selected ground reaction force variables during walking
in overweight and obese women with chronic nonspecific low back pain (P < 0.05). However, no
significant between-group differences were observed for center of pressure measures during walking or
during static standing. In addition, no statistically significant differences were found between the Training
+ Curcumin and Training + Placebo groups in any of the assessed outcome variables (Table 1).

4. Discussion

The findings of this study indicate that a six-week TRX-based resistance training program, with or without
curcumin supplementation, significantly reduced ground reaction force variables during walking in
overweight and obese women with chronic nonspecific low back pain. In contrast, no significant effects
were observed on center of pressure measures during either walking or quiet standing. These results suggest
that TRX training primarily influences gait Kkinetics rather than postural control parameters in this
population. Furthermore, curcumin supplementation at a daily dose of 500 mg did not provide additional
benefits beyond those achieved through TRX training alone. Future studies with longer intervention
periods and more sensitive balance assessments may help clarify the potential role of nutritional
supplementation in postural control adaptations.
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Table 1. Results of Tukey's post hoc test regarding the location of the difference in ground reaction forces during walking and
some variables of changes in the center of pressure in the static state between the pre-test and post-test results in the three groups

Variable Group P
First peak force (N/KQg) Control * Training+Curcumin 0.26
Control * Training+Placebo *0.006
Training+Curcumin * Training+Placebo 0.33
Control * Training+Curcumin 0.29
Second peak of force (N/Kg) Control * Training+Placebo *0.005
Training+Curcumin * Training+Placebo 0.29
Control * Training+Curcumin 0.35
Control * Training+Placebo *0.004
Third peak of power (N/Kg) Training+Curcumin * Training+Placebo 0.2
Control * Training+Curcumin 0.39
Control * Training+Placebo *0.001
Training+Curcumin * Training+Placebo *0.03
Time to reach the first peak of Force (ms) Control * Training+Curcumin 0.41
Control * Training+Placebo *0.001
Training+Curcumin * Training+Placebo *0.01
Control * Training+Curcumin 0.44
Time to reach the second peak of Force (ms) Control * Training+Placebo *0.01
Training+Curcumin * Training+Placebo *0.002
Control * Training+Curcumin 0.99
Control * Training+Placebo *0.001
Time to reach the third peak of Force (ms) Training+Curcumin * Training+Placebo *0.001
Control * Training+Curcumin 0.93
Control * Training+Placebo *0.001
Training+Curcumin * Training+Placebo *0.001
HST (Heel Strike Transition) (ms) Control * Training+Curcumin 0.51
Control * Training+Placebo *0.001
Training+Curcumin * Training+Placebo *0.003
Control * Training+Curcumin 0.27
Rate Force Development (N/Kg/s) Control * Training+Placebo *0.001
Training+Curcumin * Training+Placebo *0.03
Control * Training+Curcumin 0.99
First peak of anterior-posterior force (N/Kg) Control * Training+Placebo *0.04
Training+Curcumin * Training+Placebo *0.05
Control * Training+Curcumin
Control * Training+Placebo 0.44
Second peak of the anterior-posterior force Training+Curcumin * Training+Placebo
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