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ABSTRACT

Introduction and Purpose: Core stability is crucial for preventing and
alleviating low back pain. Therefore, this study aims to examine the
effects of suspended core stability exercises on the static and dynamic
balance, core stability, pain level in females with Non-Specific Chronic
Low Back Pain (NSCLBP).

Methodology: 21 females with NSLBP were randomly divided into
experimental(n:11, age:35/1£8/2) and control (n:11, age:32/9+7/6)
groups. The static and dynamic balance, core stability, pain level were
measured by Biodex balance system, valid tests of Core stability and
Visual analogue scale (VAS) respectively. Mixed ANOVA were used for
data analysis.

Results: Based on the results of the study, unlike the control group,
there was a significant difference in static and dynamic balance, core
stability, pain level variables from pre-test to post-test in the experimental
group. Also, this difference was observed between the experimental and
control groups(P<0/05).

Conclusion: According to the results of this research, Suspended Core
Stability Exercises with TRX, may improve core stability, static and
dynamic balance and decrease pain in female with NSCLBP. This may
be due to the instability of these exercises, which enhances muscle
activation in the core while also involving changes in body position and
movements of the upper and lower limbs.
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Extended Abstract

Introduction and Purpose

Chronic low back pain (LBP) represents one of the most significant public health
challenges globally, being a leading cause of disability and years lived with disability,
particularly among women. Non-specific chronic low back pain (NSCLBP), clinically
defined as pain persisting beyond 12 weeks without an identifiable pathoanatomical
source, contributes to a debilitating cycle of physical deconditioning. This cycle is
characterized by reduced daily activity levels, diminished functional capacity for work
and domestic tasks, and pronounced impairments in muscular endurance, spinal
flexibility, and lumbopelvic proprioception. These neuromuscular deficits frequently
manifest as postural instability, aberrant movement patterns, and compromised control
of the trunk, which further perpetuate the pain experience and functional limitations.

The rehabilitation of NSCLBP has increasingly emphasized the critical role of core
stability—the ability to maintain control and alignment of the trunk and pelvis over a
fixed base of support. A robust and well-coordinated core musculature acts as a stable
foundation for limb movement, effectively absorbing and distributing mechanical loads
to protect the passive structures of the spine. While traditional core strengthening is
often conducted on stable surfaces, contemporary paradigms have shifted towards
incorporating unstable environments. Training on surfaces such as Swiss balls, foam
pads, and suspension systems introduces a heightened neuromuscular challenge,
thereby promoting the reactivation of deep stabilizer muscles that are often inhibited in
chronic pain states and enhancing proprioceptive feedback.

Suspension exercise therapy is a prominent example of this approach. It utilizes a
system of straps to suspend a portion of the user's bodyweight, facilitating a wide range
of closed-chain, multi-joint exercises. The non-elastic TRX Suspension Trainer® is a
widely recognized tool in this category, where exercises are performed using body
weight as resistance against gravity. The fundamental principle is the creation of
instability, which necessitates continuous, sub-maximal adjustments from the core

musculature to maintain equilibrium and control throughout each movement pattern.
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Although a substantive body of evidence supports the efficacy of elastic-based
suspension systems (such as Redcord Neurac) in managing NSCLBP, a conspicuous
gap exists in the literature regarding non-elastic systems like the TRX. This distinction is
physiologically significant; the absence of elastic recoil means the instability is
generated purely through the pendulum effect of the user's body, requiring a different
type of neuromuscular control focused on managing the center of mass without the
dampening effect of elastic bands. Therefore, the primary objective of this randomized
controlled trial was to rigorously investigate the effects of an 8-week supervised core
stability exercise program, implemented with the non-elastic TRX system, on static and
dynamic balance, a comprehensive set of core stability metrics, and perceived pain
intensity in a targeted population of women with NSCLBP.

Methodology

Study Design and Participants

This study was conducted as a single-blind, randomized controlled trial (registered
under IRCT2017061734594N1) employing a pre-test/post-test design. The participant
pool consisted of twenty-one female volunteers diagnosed with NSCLBP, aged between
29 and 45 years. They were randomly allocated to either an experimental group (n=11;
mean age 35.1 = 8.2 years) or a control group (n=10; mean age 32.9 + 7.6 years).
Participants were selected based on stringent criteria, including a minimum three-month
history of NSCLBP, a sedentary lifestyle, and the absence of specific spinal pathologies,
pregnancy, or recent surgery. The control group was instructed to maintain their usual
daily activities and received no structured intervention during the study period.
Intervention Protocol

The experimental group participated in a structured, 8-week TRX suspension training
program, comprising three supervised sessions per week, each lasting 45-60 minutes.
Every session was systematically divided into a warm-up (dynamic stretching, light
aerobic activity), a main exercise component (30 minutes of suspended core stability
exercises), and a cool-down (static stretching).

The exercise protocol was specifically tailored for NSCLBP rehabilitation. It integrated
myofascial release techniques, targeted stretching and strengthening of key muscles
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(e.g., iliopsoas, hamstrings), and focused on specific spinal stabilizer activation and
lumbopelvic proprioceptive re-education. A core principle reinforced throughout was the
conscious drawing-in and bracing of the abdominal muscles to pre-activate the deep
stabilizers.

To ensure safety and progressive overload, the program was systematically advanced
through three distinct phases:

. Beginner (Weeks 1-2): Static holds (e.g., suspended plank) focusing on form
and core engagement.

. Intermediate (Weeks 3-6): Reduced base of support (e.g., single-leg support)
increasing stabilizer demand.

. Advanced (Weeks 7-8): Controlled dynamic movements (e.g., knee tucks)
integrating strength and motor control.

Outcome Measures

A comprehensive battery of validated outcome measures was administered before and
after the 8-week intervention.

. Balance: Static and dynamic balance were objectively quantified using the
Biodex Balance System, a computerized force platform. The Overall Stability Index was
recorded for both conditions, with lower scores indicating superior balance control.

. Core Stability: This was assessed through a series of functional tests: the
Sorensen test for back extensor endurance; a 60-degree trunk flexion test for abdominal
endurance; prone bridge and side bridge tests for anterior and lateral core endurance;
and isometric strength of hip external rotation and abduction, measured quantitatively
using a hand-held dynamometer (HHD).

. Pain Intensity: The subjective experience of pain was measured using the
standard 100-mm Visual Analogue Scale (VAS).

Statistical Analysis
SPSS (Version25) analyzed data using Mixed ANOVA for within-group and between-
group differences. The critical threshold for statistical significance was set at p < 0.05 for
all analyses.

Results
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Baseline demographic data confirmed that the two groups were statistically comparable
at the outset. The Mixed ANOVA yielded significant main effects for both time and
group. Most importantly, a statistically significant group-by-time interaction was
observed for every dependent variable: static balance, dynamic balance, pain (VAS),
and all core stability measures.

Within the experimental group, post-hoc analyses confirmed significant improvements
(p = 0.05) from pre-test to post-test:

. Static Balance Index improved from 1.20 £ 0.29 t0 0.76 + 0.15.

. Dynamic Balance Index improved from 1.77 + 0.29 to 1.26 + 0.25.

. Pain (VAS) demonstrated a substantial decrease from 52.73 + 16.03 to 15.09 £
17.44.

. Core Stability showed marked enhancements across all tests. For instance,
Sorensen test endurance increased from 37.72 + 18.23 seconds to 94.18 + 51.54
seconds, and side bridge endurance increased from 15.95 + 8.84 seconds to 46.23 +
13.14 seconds.

Conversely, the control group exhibited no statistically significant improvements in any
of the measured variables over the same period. The between-group analysis at post-
test confirmed that the experimental group performed significantly better than the
control group on all outcome measures (p < 0.05), providing robust evidence for the
efficacy of the TRX intervention.

Discussion

The results of this study provide compelling evidence that an 8-week supervised core
stability program using the non-elastic TRX suspension system is a highly effective
intervention for females with NSCLBP, producing concurrent and significant
improvements in balance, core stability, and pain.

These findings are consistent with, and extend, the literature on elastic suspension
training, underscoring that the core principle of instability is a potent stimulus for
neuromuscular adaptation, irrespective of the specific equipment used. The observed
benefits are likely mediated by the unique demands of the TRX system. The inherent
instability necessitates continuous co-contractions of both deep (e.g., transversus
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abdominis, multifidus) and superficial core muscles to control the body's position in
space. This sustained activation serves as a powerful form of dynamic proprioceptive
re-education, forcing the nervous system to improve its sensorimotor integration, refine
the timing of muscular responses, and enhance coordination between the trunk and
pelvis.

The significant gains across all core stability tests indicate that the TRX protocol
effectively enhanced the strength, endurance, and motor control of the entire
lumbopelvic-hip complex. This increased core robustness directly contributes to
improved balance by providing a more stable and responsive platform from which the
body can execute and control movement, thereby reducing reliance on maladaptive
compensatory strategies. The dramatic reduction in pain can be attributed to a
multifactorial mechanism: the strengthened muscular "corset" reduces abnormal
mechanical loads on pain-sensitive spinal structures; improved neuromuscular control
prevents micro-traumas from aberrant movements; and the regained confidence in
movement and enhanced physical function likely contribute to a positive modulation of
the pain experience itself.

A pivotal contribution of this research is its demonstration that the non-elastic TRX
system, often perceived as a high-intensity fithess tool, can be successfully adapted into
a safe, graded, and highly effective clinical rehabilitation protocol for a non-athletic
population suffering from chronic pain.

Conclusion

In conclusion, suspended core stability exercises using the non-elastic TRX system
constitute a potent, viable, and multifaceted therapeutic intervention for women with
non-specific chronic low back pain. The program simultaneously addresses key
impairments by significantly enhancing core muscle performance, improving both static
and dynamic postural balance, and reducing pain intensity. This study effectively
bridges the gap between performance training and clinical practice, demonstrating that
with a therapeutically-oriented and progressively graded protocol, TRX training can be
safely and effectively implemented in a rehabilitation context. Therefore, clinicians and
sports therapists are encouraged to confidently integrate TRX-based suspension
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training into tailored rehabilitation programs for this demographic. Future research
should focus on determining the long-term sustainability of these benefits and directly

comparing the efficacy of TRX with other established exercise modalities for NSCLBP.
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