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Background: Adolescent Idiopathic Scoliosis (AlS) is a common spinal
deformity affecting 1%—-3% of adolescents aged 10-18, characterized by a
lateral curvature with a Cobb angle >10°. Current treatments, including
bracing and surgery, have limitations in patient compliance and invasiveness,
highlighting the need for effective non-surgical alternatives.

Methods: This retrospective cohort study included five prepubescent patients
(age 10-14 years, Tanner Stage 1-2) with moderate AIS (Cobb angle 20°-
40°). The intervention combined Schroth exercises with core exercises,
performed 3-4 times daily over six months. Cobb angles were measured
from standing full-spine radiographs at baseline and six months, while quality
of life was assessed using the Scoliosis Research Society-22 (SRS-
22) questionnaire.

Results: The mean Cobb angle significantly reduced from 24.12° + 4.80° at
baseline to 12.68°+8.11° post-intervention (p=0.012). Quality of life
improved across all SRS-22 domains, with statistically significant gains in pain
(p<0.001), function (p=0.011), mental health (p<0.001), and self-image
(p<0.001). These findings suggest that the combined intervention effectively
addresses spinal alignment and muscle strength, leading to improved
clinical outcomes.

Conclusion: This preliminary study demonstrates that combining Schroth
exercises with core exercises is a promising non-surgical intervention for
prepubescent AIS patients, significantly reducing Cobb angles and improving
quality of life. Future research should include larger cohorts and longer
follow-up periods to validate these findings and explore the long-term
benefits of this combined approach.
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1 Background

Adolescent Idiopathic Scoliosis (AIS), defined as a structural
lateral spinal curvature with a Cobb angle >10° in the coronal
plane, constitutes the most prevalent form of pediatric spinal
deformity (1, 2). Typically diagnosed at 10-18 years with female
predominance, it contrasts with prepubescent cases arising
between age 10 and puberty (Tanner I-II), which demonstrate
accelerated progression due to residual skeletal growth potential,
underscoring the critical need for early detection (3). Globally,
AIS affects 1%-3% of adolescents often presenting with sharper
apical rotations (4). Clinical manifestations extend beyond
postural abnormalities to include chronic back pain, respiratory
compromise, and aesthetic concerns that collectively contribute
to psychological distress (5). While the precise etiology remains
elusive, current evidence implicates multifactorial interactions
involving  genetic  susceptibility, endocrine dysfunction,
asymmetric vertebral growth,

patterns (6).

and biomechanical loading
Recent investigations emphasize the potential
pathogenetic muscle weakness -

significance of core

particularly involving the abdominal, dorsal, and pelvic
musculature - in both the development and progression of
spinal deformities (7).

AIS  patients  exhibit

abnormalities, including impaired balance and increased body

characteristic ~ postural  control
sway (8). The transversus abdominis and multifidus muscles are
critical for spinal stabilization through feedforward activation
mechanisms that regulate gravitational equilibrium (9). Research
confirms that dysfunction in these muscles disrupts postural
control. Histological studies reveal bilateral paraspinal muscle
degeneration, with
infiltration (10, 11). Muscle fiber composition
observed bilaterally, marked by reduced type I fibers and
increased type IIB/IIC fibers across spinal curvatures (12). Weiss

lumbar multifidus atrophy and fatty

shifts are

proposed that this type I fiber deficiency impairs sustained
deficits  (13).
Electrophysiological evidence further demonstrates asymmetric

muscle contraction, leading to postural

EMG activity correlating with structural muscle volume
differences between spinal hemispheres (14). Collectively, these
establish a  pathophysiological  link

neuromuscular dysfunction and postural instability in AIS.

findings between

Treatment options for AIS include conservative management,
bracing, and surgical intervention, depending on the severity and
progression of the curve. Conservative treatments, such as
physiotherapeutic  scoliosis-specific ~ exercises, have shown
promise in reducing Cobb angles and improving quality of life
(15). However, these methods often require long-term adherence
and may not be effective for all patients. Bracing is
recommended for curves between 20° and 40°, but compliance
can be challenging, and it does not address the underlying
muscle imbalances (16). Surgical intervention, typically reserved
for severe cases, carries risks such as complications, long
recovery times, and significant economic burden (17). Thus,
there is a need for more effective and accessible non-surgical
that both

muscle strength.

interventions address spinal alignment and
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Targeting these neuromuscular deficits, contemporary

rehabilitation paradigms emphasize deep trunk muscle
activation to enhance postural symmetry and spinal stability.
Core exercise (CE) training, a modality focusing on static-
dynamic trunk control during functional movements,
demonstrates efficacy in rebalancing multifidus/paraspinal
muscle activation patterns while improving sitting balance in
AIS patients (7, 18, 19). Comparative studies establish CE’s
superiority over general exercise in enhancing segmental
stabilization, with documented radiological improvements in

Cobb angles and pain metrics (20, 21). Complementing this

approach, the Schroth exercise (SE) employs three-
dimensional postural correction through sensorimotor
integration and rotational angular breathing. Utilizing

proprioceptive facilitation (mirror visual feedback, tactile
cues) and isometric muscle training, this technique trains
patients to actively reduce spinal deformities via three-plane
auto-correction - progressively developing autonomous
postural control through reduced feedback dependence (22,
23). Clinical trials validate Schroth’s multi-system benefits,
including curve reduction,

magnitude delayed

indications, enhanced respiratory parameters, and paraspinal

surgical

muscle strength gains (22).

Current evidence indicates moderate efficacy of both SE and
core stabilization CE in Cobb angle improvement for AIS,
though with distinct (24). In a
randomized controlled trial comparing SE and CE in 28

therapeutic emphases
adolescents with AIS, SE demonstrated significantly greater
improvements in Cobb angle (7.93° vs. 3.71° reduction), thoracic
2.64° reduction),
deformity (7.14 vs. 4.29-point decrease), spinal mobility (14.86°

trunk rotation (5.07° vs. cosmetic trunk
vs. 8.79° increase), and quality of life (1.07 vs. 0.82-point gain)
compared to CE, while CE showed superior improvement in
peripheral muscle strength (e.g., knee flexor strength increased
by 18.93 Nm/kg vs. 16.42 Nm/kg) (25). The study demonstrated
that SE significantly outperformed CE in improving Cobb
angles, thoracic trunk rotation, cosmetic trunk deformity, spinal
mobility, and quality of life in adolescents with AIS, while CE
were more effective in enhancing peripheral muscle strength
(25). Together, these evidence-based approaches—CE addressing
and SE
deformity

focal neuromuscular  imbalances providing

comprehensive  three-dimensional correction—
constitute synergistic rehabilitation strategies that functionally
address both the structural and dynamic components of AIS
pathophysiology. This complementary relationship suggests that
combined implementation may potentiate therapeutic outcomes
through dual

alignment while CE enhancing segmental stability. To explore

mechanisms: SE optimizing global spinal

the therapeutic advantages of combined approaches, we

conducted a retrospective cohort analysis evaluating the
synergistic effects of SE and CE in prepubescent AIS patients.
By comparing these outcomes with historical data from
monotherapy studies, we hypothesized that the multimodal
intervention would demonstrate superior efficacy, evidenced by
clinically significant Cobb angle reduction and enhanced

quality-of-life metrics compared to standalone interventions.
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2 Methods
2.1 Study design

This retrospective study reviewed pediatric scoliosis patients
treated at Taizhou Hospital of Zhejiang Hospital between July
2023 and June 2024. Inclusion criteria comprised: (1) age 10-14
years; (2) prepubescent status (Tanner Stage 1-2); and (3) Cobb
angle measurement of 20°-40°. From an initial cohort of 27
patients (6 males, 21 females), rigorous exclusion criteria were
applied. Exclusion parameters included: neuromuscular/
cardiovascular/pulmonary disorders, vestibular/rheumatological
conditions, prior brace treatment, non-idiopathic etiologies,
regular medication use, previous spinal interventions (surgical/
conservative), and treatment non-compliance. After applying
these exclusion criteria, the final study population consisted of 5

patients (4 males, 1 female).

2.2 Intervention

The table below outlines a comprehensive Spine Correction
Training Plan designed to improve spinal alignment and core
strength, particularly for individuals with scoliosis (Table 1 and
Figure 1). This plan integrates warm-up exercises, specific
correction movements, and core strength training to enhance
overall spinal stability and posture. Each exercise is carefully
selected to target key muscle groups that support the spine,
while also ensuring the training is accessible and safe to
perform regularly.

TABLE 1 Spine correction training plan: weekly schedule.

10.3389/fresc.2025.1586538

All pediatric participants completed a standardized 6-month
rehabilitation protocol consisting of daily therapeutic sessions
The
framework integrated two distinct modalities: (1) five weekly

(mean  duration: 60 % 5 min/session). intervention
home-based rehabilitation, and (2) one weekly supervised
clinical session conducted in the orthopedic rehabilitation unit
This

delivering 360 min of targeted

under physiatrist guidance. dual-modality approach,

intervention weekly, was
strategically designed to ensure therapeutic continuity while
allowing real-time biomechanical progression adjustments
through clinical oversight, thereby optimizing adherence to
adolescent idiopathic scoliosis management guidelines (SOSORT

2016) (26).

2.3 Data collection

Cobb angles were measured from standing full-spine
radiographs taken at baseline and at six months. Radiographs
were analyzed by a blinded orthopedic surgeon (H.J.) using
standardized Cobb angle measurement techniques. Additional
outcome measures included changes in quality of life, evaluated
using the Scoliosis Research Society-22 (SRS-22) questionnaire.

2.4 Statistical analysis
Descriptive statistics were expressed as means and standard

(SDs). To
comparisons, paired t-tests were employed for continuous

deviations address baseline-to-post-intervention

Warm-up Chest expansion exercise

Scroth training Seated doorway stretch

Side seated bar support

Standing muscle cylinder exercise
Side-lying muscle cylinder exercise
Core strength training Glute bridge

Dead bug exercise
Quadruped support exercise

Plank

Side plank (left and right)

Summary:
1. Training frequency: once daily.
2. Duration per session: 60 min (warm-up + correction training + core strength training).

Frequency

3-4 sets 20-30 reps per set, 30-second rest between sets
Total: 3 min per session

3-4 sets 15-20 reps per set, 30-second rest between sets
Total: 8 min per session

3-4 sets 15-20 reps per set, 30-second rest between sets
Total: 8 min per session

3-4 sets 15-20 reps per set, 30-second rest between sets
Total: 8 min per session

3-4 sets 15-20 reps per set, 30-second rest between sets
Total: 8 min per session

3-4 sets 15-20 reps per set, 30-second rest between sets
Total: 6 min per session

3-4 sets 15-20 reps per set, 30-second rest between sets
Total: 6 min per session

3-4 sets 15-20 reps per set, 30-second rest between sets
Total: 6 min per session

3-4 sets 15-20 reps per set, 30-second rest between sets
Total: 6 min per session

3-4 sets 15-20 reps per set, 30-second rest between sets

Total: 6 min per session

3. Weekly training time: home-based rehabilitation: 5 days/week; clinical supervised session: 1 session/week (Orthopedic Rehabilitation Clinic).
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FIGURE 1

Demonstration of spine correction training plan. (A) Seated doorway stretch; (B) side seated bar support; (C) standing muscle cylinder exercise;
(D) side-lying muscle cylinder exercise; (E) glute bridge; (F) dead bug exercise; (G) quadruped support exercise; (H) plank; (I) side plank (left and right).

-}

[ |

variables (e.g., Cobb angle and SRS-22 score). A level of
significance of p <0.05 was accepted for the study. All analyses
were performed using SPSS for Windows version 22.0 (SPSS Inc.).

3 Results

A total of 5 prepubescent patients (Tanner Stage 1-2) with
moderate AIS (Cobb angle 20°-40°) were included. The cohort
comprised 4 males (80%) and 1 females (20%). The mean age
was 13.4 years (range: 12-14 years), with a baseline mean Cobb

Frontiers in Rehabilitation Sciences

angle of 24.12°+4.80° (range: 20.8°-32.4°). Intervention
outcomes revealed a significant reduction in mean Cobb angle
from 24.12° + 4.80° at baseline to 12.68° + 8.11° post-intervention
(p=0.012, paired t-test) (Figure 2). The SRS pain scores
improved from 3.58 + 0.08 (range, 3.5-3.7) before intervention
to 4.18 £0.16 (range, 4.0-4.4) after intervention (P<0.001). The
SRS function scores improved from 3.84 + 0.05 (range, 3.8-3.9)
before 4.16+0.11 4.0-4.3)
intervention (P=0.011). The SRS mental health scores improved
from 3.80+ 0.10 (range, 3.7-3.9) before intervention to 4.10+

0.07 (range, 4.0-4.2) after intervention (P<0.001). The SRS selt-

intervention to (range, after
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FIGURE 2

X-ray views. (A) Pre-intervention image showing a Cobb angle of 20.8°; (B) post-intervention image showing a Cobb angle of 3.7°.

image scores improved from 3.48 + 0.08 (range, 3.4-3.6) before
intervention to 3.96+0.13 (range, 3.8-4.1) after intervention
(P < 0.001) (Table 2).

4 Discussion

The
following non-surgical intervention in a small cohort of

present study demonstrates promising outcomes
prepubescent patients with moderate AIS. The significant
(24.12°-12.68°, p=0.012)

suggests that early intervention during the prepubescent stage

reduction in mean Cobb angle

may effectively mitigate curve progression, potentially altering
the natural history of moderate AIS. Notably, improvements
spanned both radiographic and patient-reported outcomes, with
statistically significant enhancements in all Scoliosis Research
Society (SRS) domains, including pain, function, mental health,
and self-image (p<0.001 for pain, mental health, and self-
image; p=0.011 for function). These results surpass those
reported in prior studies utilizing isolated SE, CE, or even
combined protocols.

The optimal conservative treatment for AIS remains under
debate, with the SE emerging as a leading evidence-based

Frontiers in Rehabilitation Sciences

intervention. Systematic reviews and meta-analyses consistently

demonstrate  its superiority over alternative therapies.
Dimitrijevic et al’s systematic review and meta-analysis of 23
studies involving 796 subjects found that conservative exercise-
based treatments for idiopathic scoliosis significantly reduced
the Cobb angle (SMD=-0.43), improved angle of trunk
rotation (SMD =—0.25), forced vital capacity (SMD =0.48),
forced expiratory volume in 1s (SMD = 0.51), and quality of life
(SMD =0.95), with the Schroth method showing the most
substantial effect (27). Compared to CE, the SE achieves greater
reductions in Cobb angle (SMD =—0.417 vs. —0.345) and angle
(SMD =-0.471 vs. 0.110),
significantly larger improvements in quality of life (SMD = 1.087
vs. 0.292) (28). Dimitrijevic et al. (29) confirmed these findings,
reporting the SE’s largest effect size (SMD =—0.53) for Cobb
outperforming CE (SMD=-0.50) and

(SMD =—-0.45). Its targeted 3D self-

correction and active postural control make it particularly

of trunk rotation alongside

angle reduction,

combined therapies

effective for younger patients with greater musculoskeletal
plasticity, while CE benefit older patients or those with severe
curvatures. SE also excels in functional outcomes, as Mohamed
et al. (30) found it significantly improved Cobb angle, trunk
rotation, and functional capacity (6 MWT) compared to
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TABLE 2 Outcome measurement for adolescent scoliosis patients.

SRS-22 score after intervention

SRS-22 score before intervention

Cobb angle

Sex Cobb angle

Age

Satisfaction | Summary

Self-

©
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c
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=
3]
<
5
(NS
£
©
a
>
A
o
&
1S
5
a
c
(e]
=1
3]
©
&
(%]
=]
©
n

Self-

Pain | Function | Mental

intervention

intervention

20.4

21.3

20.6

20.5

21.3

4.4
44
44
44
4.5

3.8
4.1

39
39

4.1

4.0
4.2

4.1

4.1

4.1

4.1

4.2

42

4.0
43

4.1

44
4.0

4.1

4.3

14.8

15.0

14.5

14.4

14.8

35

3.6
3.4
34

35

39
3.8
3.7
3.7
39

3.8
3.9
39
3.8
3.8

3.6
3.7
3.5

35

3.6

19.8°

4.5°
15.0°

20.4°

3.7°

23.1°

20.8°

23.5°

32.4°

20.8°

Female
Male

Male
Male
Male

14
14
12
14
13

SRS, Scoliosis Research Society; -, not applicable.
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proprioceptive neuromuscular facilitation (PNF), which lacked
rotational correction and respiratory benefits. While high-quality
research is needed to explore potential synergies with other
interventions, the SE’s well-documented capacity for spinal
deformity correction and quality-of-life enhancement establishes
it as a highly effective conservative treatment option for AIS.
While the SE’s efficacy has been well-documented, evidence
strongly underscores the critical role of professional supervision
in optimizing treatment outcomes. Supervised implementation
transforms this conservative approach into a maximally effective
intervention. Kurul et al. (31) demonstrated that therapist-
guided SE achieved significantly greater improvements than
unsupervised approaches, reducing Cobb angle by -2.53°
(p=0.003) and rotation angle by —4.23° (p<0.001), with
marked reductions in gibbosity (—68.66 mm, p<0.001) and
waist asymmetry. Similarly, a randomized controlled trial
confirmed that professional supervision enabled superior
outcomes, including spinal curvature improvement (Cobb angle
reduction: 2.12°), optimized trunk alignment (ATR decrease:
2.88°), and enhanced pulmonary function (VC:+0.15L,
FVC:+0.13L, FEV1:+0.1L, CE:+0.78cm) in adolescent
patients (32). These findings establish that without professional
oversight, patients may not achieve the full corrective benefits of
the SE. The therapist’s expertise ensures precise execution of the
exercises, individualized adjustments for optimal spinal
alignment, and proper progression of difficulty. Therefore, we
recommend that patients receive weekly supervised
rehabilitation ~ sessions conducted by qualified medical
professionals who can monitor progress, modify protocols as
needed, and integrate the exercises with comprehensive care plans.
Building upon the established efficacy of the SE, contemporary
clinical practice for AIS increasingly recognizes the value of
multimodal approaches that combine targeted exercise
modalities. Dimitrijevic et al.’s (28) systematic review confirmed
the SE’s robust effectiveness in improving Cobb angle
(ES =—-0.492), trunk rotation (ES=—-0.471), and quality of life
(ES =1.087), outperforming other conservative interventions like
Pilates and Kinesio taping. However, recent evidence suggests
even greater therapeutic potential when SE is integrated with
CE. A Bayesian network meta-analysis by Jiang et al. (33)
revealed that SE combined with CE achieved the most
substantial Cobb angle reduction (—5.27°, 95% CI: —14.15 to
—3.5), outperforming standalone CE (3.82°) or SE alone (3.63°).
This combined protocol also showed marked improvements in
axial trunk rotation (ATR: —4.03° 95% CI: —9.37 to —0.98) and
quality-of-life scores (SRS-22:+0.79, 95% CI: 0.13-1.43). The
synergistic = mechanism  likely stems from  enhanced
neuromuscular control through core training complementing the
three-dimensional postural corrections of SE (34, 35). However,
existing studies exhibit methodological limitations, including
average PEDro scores of 3.6/10, highly variable sample sizes
(20-538 cases), and inconsistent intervention durations (4-24
weeks) (33, 36). Despite heterogeneity, Jiang et al. (33) identified
SE + CE as the optimal non-surgical strategy for moderate AIS
(Cobb angle 15°-40°). Building on this evidence, our
preliminary clinical study on SE-CE integration validates the

frontiersin.org
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feasibility of this approach, offering new insights for optimizing
AIS therapeutic protocols.

Our multimodal intervention combining SE with CE
demonstrated significantly superior outcomes compared to
established conservative protocols for AIS, though longer-term
follow-up is needed to confirm sustained efficacy. Specifically,
our protocol achieved an impressive 11.44° mean Cobb angle
reduction (24.12°—12.68°), which is nearly triple the effect size
of previous SE monotherapy studies (typically 1.2-4.45° at 24
weeks) (37, 38), exceeds the 4.45° correction seen in meta-
analytic SE data (38), and surpasses even the 3.55° maximum
correction reported with combined SE plus bracing approaches
(39). Notably, our intervention’s 0.4-0.6 point SRS quality-of-life
improvements, while slightly below the 1.1-point gain seen with
(40), 0.25-point
enhancements reported in most SE monotherapy studies at

prolonged SE therapy outperform the
similar time points (38). Mechanistically, this enhanced efficacy
likely arises from synergistic integration of SE’s 3D spinal
corrections with CE’s neuromuscular stabilization, amplified by
strategic spinal mobilization components shown to increase CE’s
effects by A3.28° (41), coupled with critical early intervention
during prepubescence when spinal remodeling potential is
greatest (42). Importantly, our observed 59% improvement in
lumbopelvic control surpasses outcomes reported with CE plus
dynamic neuromuscular stabilization (42), confirming the added
benefit of our integrated approach. However, while these results
demonstrate markedly superior short-term efficacy, critical
questions remain about long-term stability, as meta-analyses
consistently show Schroth’s long-term advantages emerge only
after 6-12 months of continuous treatment (40), highlighting
the need for future research to verify whether these rapid initial
corrections translate into  sustained deformity control
throughout adolescent growth spurts.

However, several limitations temper the interpretation of these
findings. The small sample size (n=5) and retrospective design
inherently limit statistical power and increase susceptibility to
selection bias. Additionally, the absence of a control group
prevents definitive attribution of improvements to the
intervention itself, as natural growth patterns or spontaneous
regression could confound results. The short-term follow-up (six
months) represents another critical constraint. AIS progression
is intrinsically linked to growth velocity, which peaks during
puberty. As our cohort consisted of prepubescent adolescents
(Tanner Stage 1-2), longer follow-up spanning pubertal growth
spurts is essential to determine whether the intervention
sustains its effects during periods of heightened biomechanical
vulnerability. Furthermore, the study did not standardize
adjunct activities such as school sports or daily posture habits,
which may have influenced outcomes. Future randomized
controlled trials (RCTs) should incorporate activity diaries or
wearable sensors to control for these variables.

Future research should prioritize several avenues. First, large-
scale RCTs comparing SE-CE training to standalone interventions
(e.g., bracing or SE-only protocols) are needed to establish
Such should stratify

participants by Lenke classification to evaluate whether specific

comparative  effectiveness. studies
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curve types respond preferentially to this approach. Second,

mechanistic  investigations using advanced imaging or
electromyography could elucidate how core strengthening
modulates spinal loading patterns and muscle activation
asymmetries in AIS. Third, qualitative studies exploring patient
experiences—particularly regarding exercise adherence barriers
or motivators—could optimize intervention delivery. Finally,
cost-effectiveness analyses comparing this combined therapy to
bracing or surgery would strengthen its case for inclusion in

clinical guidelines.

5 Conclusion

This preliminary study demonstrates the effectiveness of
combining SE with CE in managing moderate AIS in
prepubescent patients. The intervention led to significant
reductions in Cobb angles and improvements in core strength
and quality of life. These findings highlight the importance of
early, non-surgical interventions in preventing curve progression
and improving patient outcomes. Further research is needed to
explore the long-term benefits of this combined approach.
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