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1. Introduction

Lumbar scoliosis

Lumbar scoliosis is a three-dimensional spinal deformity that alters spinal biomechanics
and may contribute to chronic lumbar radiculopathy, leading to persistent pain and
impaired postural control. This study evaluated the effectiveness of an Integrated Lumbar
Scoliosis Correction Program (ILSCP) on pain and postural stability compared with
conventional physiotherapy. Forty participants aged 25-55 years with clinically confirmed
chronic lumbar radiculopathy associated with lumbar scoliosis were randomly allocated
into two groups. Group A (n=20) received ILSCP, consisting of postural awareness training,
scoliosis-specific corrective exercises, neuromuscular control training, and functional
postural correction. Group B (n=20) received conventional physiotherapy including
mobility exercises, stretching, and strengthening. Pain intensity was assessed using the
Numerical Pain Rating Scale (NPRS), while postural stability was evaluated through
posturographic sway velocity measurements. Baseline demographic and clinical
characteristics, including age, sex distribution, Cobb angle, and duration of radiculopathy,
were comparable between groups. After six weeks, Group A demonstrated a reduction in
NPRS scores from 7.42 + 0.88 to 3.36 * 0.92 (p<0.0001), whereas Group B improved from
7.38 £ 0.91 to 4.89 *+ 1.04 (p<0.0001). Post-treatment pain scores were significantly lower
in Group A than in Group B (p<0.0001). Sway velocity decreased from 12.84 + 2.96 mm/s
to 7.12 + 1.85 mm/s in Group A, compared with 13.10 + 3.14 mm/s to 10.68 + 2.74 mm/s
in Group B. The Integrated Lumbar Scoliosis Correction Program was more effective than
conventional physiotherapy in reducing pain and improving postural stability in
individuals with chronic lumbar radiculopathy associated with lumbar scoliosis.

posture, muscle balance, and functional outcomes

[2].

is a three-dimensional

spinal deformity characterized by lateral
curvature, axial rotation, and alterations in sagittal
alignment, which can significantly affect spinal
biomechanics and neuromuscular control [1].
Although scoliosis is most discussed in the
adolescent  population, its = biomechanical
consequences often persist into adulthood and
may contribute to degenerative changes, pain
syndromes, and neural compromise. Recent
advances in conservative management emphasize
active, exercise-based interventions that aim not
only to limit curve progression but also to improve

Physiotherapeutic scoliosis specific exercises
(PSSE) have gained substantial attention as a
targeted, non-surgical approach addressing the
three-dimensional nature of spinal deformity. [3].
Systematic reviews and meta-analyses have
demonstrated that PSSE can positively influence
spinal alignment, trunk asymmetry, and quality of
life by integrating principles of active self-
correction, postural awareness, and task-oriented
training [4] Evidence from clinical studies supports
the effectiveness of such exercises in mild to
moderate scoliosis, highlighting improvements in
postural control and muscular symmetry [5] When
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combined with other conservative strategies,
including bracing, PSSE has shown enhanced
outcomes in curve management and functional
performance [6].

More recently, integrated approaches
combining scoliosis-specific exercises with manual
therapy and corrective strategies have been
explored, demonstrating superior effects on spinal
mobility, pain reduction, and postural correction
compared to exercise alone [7]. Three-dimensional
corrective exercise therapy further reinforces the
concept that scoliosis management should address
multiplanar deformities rather than isolated lateral
curvature [8].

Chronic lumbar radiculopathy is a prevalent

condition characterized by radiating pain, sensory
disturbances, and functional limitations resulting
from nerve root compression or irritation.
Conservative management remains the first-line
treatment, with evidence supporting interventions
such as mechanical traction, exercise therapy, and
patient education [9]. Systematic reviews have
highlighted the role of multimodal physiotherapy
approaches in reducing pain and disability in
lumbar disc herniation with radiculopathy [10].
Neural mobilization techniques and spinal
manipulation have also demonstrated efficacy in
improving neural dynamics and pain outcomes in
chronic lumbar radiculopathy [11,12].
Corrective exercise approaches such as Schroth-
based training and active self-correction have
shown benefits beyond curve reduction, including
improvements in muscle endurance, posture, and
quality of life [13,14]. Long-term structured
physiotherapy programs further support sustained
improvements in spinal alignment and functional
posture [15].

Furthermore, several studies have
investigated Schroth-based and other scoliosis-
specific exercise approaches in populations with
chronic spinal pain and postural dysfunction,
reporting favorable effects on pain, posture, and
functional outcomes.

However, the available evidence primarily
focuses on scoliosis management or non-specific
low back pain populations, while studies
specifically evaluating integrated lumbar scoliosis
correction programs in individuals with chronic
lumbar radiculopathy remain limited.

Therefore, the existing literature does not
establish whether incorporating scoliosis-specific
correction principles into the rehabilitation of
chronic lumbar radiculopathy provides additional
benefits beyond those achieved with conventional
physiotherapy alone. This represents an important
gap in the current evidence base and warrants
further investigation.
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Based on the available evidence, the present
study was designed to test the hypothesis that an
Integrated Lumbar Scoliosis Correction Program
would result in significantly greater reductions in
pain intensity and improvements in postural
stability than conventional physiotherapy in
individuals with chronic lumbar radiculopathy.
The null hypothesis (HO) stated that there would
be no significant difference between the two
treatment groups, whereas the alternative
hypothesis (H1) stated that the Integrated Lumbar
Scoliosis Correction Program would produce
superior outcomes.

2. Materials And Methods
2.1. Participants and Research Process

A total of forty individuals aged 25-55 years
with clinically and radiologically diagnosed chronic
lumbar radiculopathy (symptom duration > 3
months) associated with lumbar scoliosis were
recruited for the study. Participants were screened
based on inclusion and exclusion criteria. Inclusion
criteria included unilateral or bilateral lumbar
radicular pain, presence of lumbar scoliosis with
postural asymmetry, and willingness to participate.
Exclusion criteria included previous spinal surgery,
severe structural scoliosis requiring surgical
intervention, inflammatory spinal disorders, and
neurological deficits requiring immediate medical
management.

Participants were randomly allocated into
two groups using a simple randomization method.
Group A (n = 20) received the Integrated Lumbar
Scoliosis Correction Program, while Group B (n =
20) received conventional physiotherapy. Baseline
assessments were conducted prior to intervention,
and post-treatment assessments were carried out
after six weeks.

An assessor who was not involved in
treatment delivery performed all outcome
measurements to minimize assessment bias.
However, due to the nature of the exercise-based
interventions, participant and therapist blinding
was not feasible.

A priori sample size estimation was
performed using data from previous studies
investigating pain  outcomes in  lumbar
radiculopathy and scoliosis-specific rehabilitation.
Based on an expected moderate-to-large treatment
effect, a significance level of 0.05, and a statistical
power of 80%, a minimum of 18 participants per
group was required. To account for potential
dropouts, 20 participants were recruited in each
group.
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2.2. Data Collection Techniques

Pain intensity was assessed using the
Numerical Pain Rating Scale (NPRS). Postural
stability was assessed using computerized digital
posturography (sway velocity parameter), which
quantified the speed of center-of-pressure
displacement during quiet standing. Sway velocity
was recorded in mm/s and used as an objective
measure of postural control. Spinal alignment and
functional posture were documented at baseline
and after completion of the intervention. Both
groups underwent supervised therapy sessions
five days per week for six weeks.

Each supervised session lasted approximately

45-60 minutes. Attendance was recorded
throughout the intervention period, and
participants were encouraged to maintain
compliance with the prescribed treatment
schedule.

Although the intervention frequency of five
sessions per week for six weeks was relatively
intensive, it was selected to ensure adequate motor
learning, postural retraining, and neuromuscular
adaptation. The feasibility and long-term
implementation of such a program in routine
clinical practice should be explored in future
studies.

Table 1. Therapeutic intervention for group A (Integrated Lumbar Scoliosis Correction Program)

Weeks Exercises Repetition
e Pelvic alignment exercises

0-2 weeks e Postural awareness and self-correction training 10 repetitions, 3 sets
e Breathing with axial elongation
e Scoliosis-specific corrective exercises

3-4 weeks e Asymmetric core stabilization 10 repetitions, 3 sets
e Neuromuscular control drills
e Functional postural correction

5-6 weeks ¢ Dynamic balance with spinal correction 10 repetitions, 3 sets

e Integrated trunk-pelvic coordination

Breathing with axial elongation was
performed in sitting and standing positions under
therapist supervision. Each repetition consisted of
deep diaphragmatic breathing combined with
active spinal elongation and postural self-

correction, maintained for 5-10 seconds. Scoliosis-
specific corrective exercises were individualized
according to the direction of lumbar curvature and
included active self-correction, trunk elongation,
and curve-specific stabilization techniques.

Table 2. Therapeutic Intervention for Group B (Conventional Physiotherapy)

Weeks Exercises Repetitions
0-2 weeks * Moistheat th.erapy . 10 repetitions, 3 sets
e Lumbar mobility exercises
° Lurrllbar stretching . 10 repetitions, 3 sets
3-4 weeks e Basic core strengthening
5-6 weeks * Progressive strengthemng 10 repetitions, 3 sets
General posture advice
Participants in Group B  received research strictly adhered to the ethical principles

conventional physiotherapy only and did not
receive scoliosis-specific corrective exercises,
active self-correction training, or brace-assisted
postural correction.

2.3. Institutional Ethics Statement

The study was approved by ethical and
Protocol committee of Krishna Vishwa Vidyapeeth,
Karad with reference number [KVV/IEC/72/2025].
Participant provided informed consent, with the
volunteer form covering research details, risks,
benefits, confidentiality, and participant rights. The

34

of the Declaration of Helsinki, prioritizing
participant's rights and well-being in design,
procedures, and confidentiality measures.

2.4. Statistical Analysis

IBM SPSS Statistics version 26 was used to
evaluate the data. All the deviation in each group
from pre- to post-intervention were assessed using
paired t-tests, while differences between groups
were evaluated with unpaired t-tests. A 95%
confidence interval was applied for all analyses,



International Journal of Active & Healthy Aging - 2026, 4(1), 32-38

and the results are presented as mean + standard experienced a marked reduction in pain. The mean
deviation. NPRS score decreased from 7.42 + 0.88 at pre-test
to 2.36 * 0.92 at post-test. The difference was
4. Results statistically highly significant (t = 18.27, p 0.0001),
indicating that the intervention was extremely
The results in Table 3 demonstrate that effective in alleviating pain in subjects with chronic
participants in Group A, who underwent the lumbar radiculopathy.

integrated lumbar scoliosis correction program,

Table 3. Baseline demographic and clinical characteristics of participants

Variable Group A Group B p-value

Age 42.15+8.21 41.70£7.94 0.861

Male/Female 11/9 10/10

Cobb Angle (°) 14.85 + 3.72 15.20 + 3.95 0.772

Duration of Radiculopathy (months) 8.95 +2.84 9.20 +£3.11 0.790

There were no statistically significant intervention. Therefore, post-treatment changes

differences between Group A and Group B in terms can be attributed to the effects of the respective
of age, sex distribution, Cobb angle, and duration of treatment programs rather than baseline
radiculopathy at baseline (p > 0.05). This indicates differences as seen in Table 3.

that both groups were comparable before the

Table 4. Pre-test and Post-test NPRS Scores in Group A (Integrated Lumbar Scoliosis Correction Program)

Scale Pre-Test Post-Test T-value P-value Interpretation
NPRS 7.42 +0.88 3.36 + 0.92 1827 <0.0001 Considered extremely
significant
The results in Table 4 demonstrate that to 3.36 = 0.92 at post-test. The difference was

participants in Group A, who underwent the statistically highly significant (t = 1827, p <
integrated lumbar scoliosis correction program, 0.0001), indicating that the intervention was
experienced a marked reduction in pain. The mean extremely effective in alleviating pain in subjects
NPRS score decreased from 7.42 + 0.88 at pre-test with chronic lumbar radiculopathy.

Table 5. Pre-test and Post-test NPRS Scores in Group B (Conventional Physiotherapy Program)

Scale Pre-Test Post-Test T-value P-value Interpretation
NPRS 7.38+0.91 4.89 +1.04 9.12 <0.0001  Comsidered extremely
significant

Table 5 shows that participants in Group B, statistically significant (t = 9.12, p < 0.0001),
receiving conventional physiotherapy, also suggesting that conventional physiotherapy can
reported a significant decrease in pain. The mean effectively reduce pain, though the extent of
NPRS score reduced from 7.38 + 0.91 at pre-test to reduction was less pronounced than that observed
489 + 1.04 at post-test. The change was in Group A.
Table 6. Comparison of Post-test NPRS Scores Between Group A and Group B

Scale Pre-Test Post-Test  T-value P-value Interpretation

NPRS 336+092  489+1.04  7.84 <0.0001 Considered extremely

significant

129
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Table 6 presents the post-test comparison
between Group A and Group B. The mean NPRS
score in Group A was 3.36 * 0.92, compared to
4.89 + 1.04 in Group B. The difference between the
groups was statistically highly significant (t = 7.84,
p < 0.0001), indicating that the integrated lumbar
scoliosis correction program was more effective

than conventional physiotherapy in reducing pain
among participants. Postural outcomes were
assessed using posturography. The key parameter
measured was sway velocity, which reflects the
speed of center-of-pressure displacement during
quiet standing and serves as a sensitive indicator
of postural stability.

Table 7. Comparison of Pre and Post-test sway velocity scores between Group A and Group B

Variable Pre-Treatment Post-Treatment P-Value Interpretation
Group A 12.84 + 2.96 7.12+1.85 <0.0001 Considered extremely significant
Group B 13.10 £ 3.14 10.68 + 2.74 0.789 Considered NOT significant

Table 7 interprets a numerical reduction in sway
velocity was observed in Group B; however, this
change was not statistically significant. However,
Group A showed a significantly greater reduction
in sway velocity compared to Group B (p<0.0001),
indicating that the Integrated Lumbar Scoliosis
Correction Program was more effective in
improving postural stability in individuals with
chronic lumbar radiculopathy.

4. Discussion

The present literature highlights the
significant role of spinal alignment abnormalities,
particularly lumbar scoliosis, in the development
and persistence of chronic lumbar radiculopathy.
Multiple studies confirm that asymmetric spinal
loading and altered lumbar curvature are
associated with increased mechanical stress on
intervertebral discs, facet joints, and neural
structures, contributing to persistent radicular
pain and functional disability [1] Lumbar scoliosis
alters normal trunk biomechanics and
neuromuscular control, leading to uneven muscle
activation patterns and compromised spinal
stability, which may exacerbate nerve root
irritation [11] These biomechanical alterations
emphasize the importance of addressing postural
deviations as part of comprehensive conservative
management rather than focusing solely on
symptom relief.

Assessment of postural alignment and spinal
deformity remains challenging due to variability in
clinical measurement techniques and limited use of
three-dimensional evaluation methods. Accurate
identification of curve patterns and functional
postural asymmetry is essential for -effective
intervention planning. Recent literature stresses
the need for validated, reproducible assessment

tools to guide individualized rehabilitation
strategies and monitor treatment outcomes [8].
Integrated evaluation combining clinical

observation with functional and postural analysis
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is therefore critical in patients with lumbar
radiculopathy associated with scoliosis.

Rehabilitation approaches focusing on
scoliosis-specific correction, neuromuscular
reeducation, and active self-correction are strongly
supported by current evidence. Physiotherapeutic
scoliosis-specific exercises have demonstrated
significant improvements in spinal alignment, pain
reduction, and functional capacity across various
populations. These exercises aim to restore three
dimensional spinal control, enhance muscular
symmetry, and improve postural awareness,
thereby reducing mechanical stress on neural
tissues. Studies also indicate that motor control
based interventions targeting trunk and pelvic
stabilization contribute to improved spinal load
distribution and symptom reduction in chronic low
back conditions [9].

Systematic reviews and randomized
controlled trials further suggest that structured,
individualized exercise programs are more
effective than generalized strengthening or passive
modalities in managing chronic spinal disorders
[7]- Monticone et al. reported that active self-
correction combined with task-oriented exercises
resulted in superior outcomes in spinal alignment
and pain compared to conventional care [14].
Similarly, Negrini and colleagues emphasized that
scoliosis-specific exercise programs can effectively
reduce pain and improve posture in adults with
spinal deformities, supporting a patient-centered
and curve-specific rehabilitation approach [5].

The findings of the present study
demonstrated that both interventions resulted in
improvements in pain and postural stability;
however, the Integrated Lumbar Scoliosis
Correction Program produced superior outcomes
compared to conventional physiotherapy. Baseline
characteristics, including age, sex distribution,
Cobb angle, and duration of radiculopathy, were
comparable between groups, minimizing the
influence of pre-existing differences on treatment
outcomes. Participants in Group A exhibited a
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significant reduction in pain intensity, with NPRS
scores decreasing from 7.42 = 0.88 to 3.36 + 0.92,
whereas Group B showed a reduction from 7.38 *
0.91 to 4.89 * 1.04. Furthermore, postural stability
improved substantially in Group A, as evidenced by
a reduction in sway velocity from 12.84 + 2.96
mm/s to 7.12 £+ 1.85 mm/s, compared with a
smaller improvement in Group B from 13.10 + 3.14
mm/s to 10.68 * 2.74 mm/s. The post-treatment
difference in NPRS scores between the groups was
highly significant (p < 0.0001), indicating greater
effectiveness of the integrated intervention. The
magnitude of pain reduction observed in Group A
exceeded the commonly reported Minimal
Clinically Important Difference (MCID) of 2-3
points for lumbar radiculopathy, suggesting that
the improvement was not only statistically
significant but also clinically meaningful.

Despite  the  demonstrated  benefits,
heterogeneity in exercise protocols, intervention
duration, and outcome measures limits direct
comparison across studies [13]. This variability
highlights the need for standardized treatment
guidelines and clearer classification of scoliosis-
related dysfunctions in adults with lumbar
radiculopathy. Future research should focus on
long-term follow-up and integration of quantitative
postural and functional assessments to enhance
clinical precision and reproducibility.

In summary, lumbar scoliosis is a significant
contributing  factor to  chronic  lumbar
radiculopathy and associated postural dysfunction.
Evidence consistently supports the wuse of
integrated scoliosis correction programs
incorporating postural re-education,
neuromuscular training, and active self-correction
to improve pain and spinal alignment.
Individualized, function-oriented rehabilitation
strategies offer the most promising outcomes for
reducing symptoms and preventing long-term
disability in this population.

Strengths

This study reinforces the clinical relevance of
an Integrated Lumbar Scoliosis Correction
Program by demonstrating meaningful
improvements in pain and posture. Its active, non-
invasive, and posture-specific approach supports
its feasibility and applicability in routine
physiotherapy practice.

Limitations
First, the relatively small sample size and

short intervention duration may limit the
generalizability of the findings. Second, blinding of
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participants and therapists was not feasible, which
may have introduced performance and expectation
bias. Third, the absence of long-term follow-up
prevents determination of whether the observed
improvements were maintained over time. This
may represent a potential confounding factor,
making it difficult to attribute the observed effects
solely to the exercise-based scoliosis correction
program. Future studies should control for such
factors to better isolate the specific contribution of
each intervention component.

5. Conclusion

The Integrated Lumbar Scoliosis Correction
Program was found to be significantly more
effective than conventional physiotherapy in
reducing pain and improving postural stability as
measured by sway velocity in individuals with
chronic lumbar radiculopathy. By addressing
spinal alignment, neuromuscular control, and
postural stability, this approach offers a
comprehensive  and  functionally  relevant
rehabilitation strategy. Incorporation of scoliosis-
specific corrective exercises is recommended for
optimal management of chronic lumbar
radiculopathy.
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