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Abstract

Pediatric idiopathic scoliosis is the most common structural spinal deformity of
childhood and adolescence, and its management has shifted substantially over the past
decade toward individualized, growth-aware strategies. This review summarizes the
contemporary spectrum of care, spanning observation, physiotherapeutic scoliosis-
specific exercises, rigid bracing, and surgical correction. We give particular attention
to two converging trends: the integration of Schroth-type exercise with reduced brace-
wear regimens for mild-to-moderate curves, and the rise of vertebral body tethering as
a motion-sparing, fusion-sparing alternative for skeletally immature patients with
larger curves. Evidence indicates that bracing reliably reduces progression to surgical
thresholds, that combined exercise-and-brace protocols improve curve and quality-of-
life outcomes, and that tethering can achieve meaningful correction while preserving
spinal mobility, albeit with non-trivial reoperation rates. Patient selection, skeletal
maturity, and adherence remain decisive. We propose a maturity-anchored treatment
framework and outline priorities for higher-quality comparative research.
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Introduction

Idiopathic scoliosis, a three-dimensional structural deformity of the spine without an
identifiable underlying cause, affects an estimated 0.5—-3% of children and adolescents,
with adolescent idiopathic scoliosis (AIS) representing the predominant form [25, 26].
Curves are typically defined by a coronal Cobb angle of at least 10° accompanied by
axial vertebral rotation, and the natural history is strongly governed by curve
magnitude and remaining skeletal growth [27, 29]. Larger curves identified earlier in
the growth period carry the highest risk of progression, and untreated severe deformity
may lead to trunk asymmetry, pain, and, in extreme cases, cardiopulmonary
compromise [27, 28].

For decades, management followed a relatively rigid ladder: observation of mild
curves, rigid bracing of moderate curves in growing children, and posterior spinal
fusion for severe or progressive deformity [12, 28]. The landmark BrAIST trial
established a robust, dose-dependent benefit of bracing in reducing progression to the
surgical threshold, transforming brace prescription from a contested practice into an
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ence-based standard [12]. In parallel, physiotherapeutic scoliosis-specific
exercises (PSSE), most prominently the Schroth method, gained traction as an active
treatment that targets postural control and three-dimensional auto-correction [14, 15,
20].
Two developments have reshaped the field. First, controlled trials now suggest that
combining intensive Schroth exercise with reduced brace-wear schedules can match or
exceed full-time bracing for mild-to-moderate curves, easing the substantial wear-time
burden on adolescents [16, 17, 24]. Second, vertebral body tethering (VBT), a growth-
modulating, motion-sparing technique cleared by regulators in 2019, has emerged as a
fusion-sparing surgical option for skeletally immature patients with curves that exceed
bracing thresholds [1, 7, 31]. This review synthesizes current evidence across the full
management spectrum and offers a maturity-anchored framework to guide
contemporary decision-making.
Methods
We conducted a narrative review of the recent literature on the management of pediatric
idiopathic scoliosis. PubMed, Embase, and Web of Science were searched for English-
language publications, with emphasis on randomized controlled trials, prospective
cohorts, systematic reviews, and consensus guidelines published predominantly
between 2020 and 2026 [7, 11]. Search terms combined “adolescent idiopathic
scoliosis,” “bracing,” “Schroth,” “scoliosis-specific exercise,” “vertebral body
tethering,” and “spinal fusion.” Reference lists of key articles were screened for
additional sources.
Studies were grouped by treatment modality and appraised narratively for design,
sample size, curve and quality-of-life outcomes, and reported complications. To
support comparison, the principal modalities were tabulated by indication, mechanism
of action, advantages, and limitations (Table 1). Quantitative values presented in the
figures are illustrative composites drawn from the cited literature and are intended to
convey typical patterns rather than pooled effect estimates. Given the heterogeneity of
designs and outcome measures, no formal meta-analysis was performed.

Table 1. Comparison of contemporary management modalities for pediatric
idiopathic scoliosis.

Observation <25° low risk Serial monitoring Non-invasive;  Risk of missed
avoids  over- progression
treatment
PSSE / Schroth  10-40° 3D auto- Improves Adherence-dependent;
correction, posture, QoL; modest curve effect

postural training  low cost
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Rigid bracing 25-40°, Corrective Strong Wear-time burden;
immature external force evidence to halt skin/psychosocial
progression issues
Brace + PSSE  25-40° Combined Better Cobb & Time-intensive
external + active ATR than brace regimen
alone
VBT 40-70°, Growth Preserves Tether breakage;
immature modulation, mobility; reoperation; selection-

motion-sparing  fusion-sparing  sensitive

Posterior fusion >50-70° / Rigid Durable, Permanent  stiffness;
mature instrumented definitive adjacent-segment load
correction correction
Results

Bracing and conservative care. Across the synthesized literature, rigid
thoracolumbosacral bracing consistently reduced the proportion of curves progressing
to the surgical threshold of 50°, with benefit increasing with daily wear time. Reported
treatment success in well-conducted cohorts commonly exceeded 70% in adherent
patients, although skin irritation, restricted activity, and psychosocial strain frequently
limited compliance. Observation alone remained appropriate for small curves at low
progression risk, where the priority was timely detection of change rather than
intervention.

Scoliosis-specific exercise. Schroth-based and other PSSE programs produced modest
but reproducible improvements in Cobb angle, angle of trunk rotation, and patient-
reported quality of life compared with usual care. The strongest signals emerged when
exercise was combined with bracing: trials of part-time bracing supplemented by
intensive Schroth sessions reported curve and rotation outcomes comparable to, or
better than, conventional full-time bracing while halving daily brace-wear demands.
Effects were highly dependent on supervision and adherence, and most trials remained
small.

Vertebral body tethering. In skeletally immature patients with curves of roughly 40—
70°, VBT achieved substantial coronal correction while preserving segmental motion.
Reported series described major-curve reductions from a preoperative mean near 50°
to the mid-20s at medium-term follow-up, with most patients avoiding fusion. The
principal trade-offs were a clinically meaningful rate of reoperation—driven chiefly by
tether breakage and over- or under-correction—and outcomes that were sensitive to
patient selection and surgeon experience.

Surgical fusion. Posterior spinal fusion continued to provide durable, definitive
correction for severe or mature curves, with high rates of deformity control. Its
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cipal cost was permanent loss of segmental motion across the fused levels, with
attendant long-term considerations for adjacent-segment loading. Figure 1 summarizes
the maturity- and magnitude-anchored treatment framework, and Figure 2 illustrates
typical pre- and post-treatment curve magnitudes across modalities.

25-40° 40-70°

Moderate Immature, severe

Reassurance, Observation, Bracing + VBT or Posterior spinal
periodic review PSSE (Schroth) PSSE fusion fusion

v

Increasing curve magnitude and progression risk

Figure 1. Maturity- and magnitude-anchored framework for management of pediatric
idiopathic scoliosis.
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Figure 2. lllustrative mean major-curve Cobb angle before treatment and at follow-
up across modalities (composite, schematic).
Discussion
The contemporary management of pediatric idiopathic scoliosis is best understood not
as a fixed ladder but as a continuum calibrated to curve magnitude, progression risk,
and—above all—remaining skeletal growth [11, 27]. The enduring contribution of the
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T trial was to anchor bracing decisions in high-quality evidence, and subsequent
guidelines have reinforced bracing as the cornerstone of non-operative care for
moderate curves in growing children [11, 12, 13]. The persistent challenge is
adherence: the very wear times that drive efficacy are those adolescents find hardest to
sustain [13].

It is against this backdrop that scoliosis-specific exercise has become clinically
relevant. Multiple randomized trials and meta-analyses now support a genuine, if
modest, effect of Schroth-type programs on curve, trunk rotation, and quality of life
[14, 16, 19, 20]. The most practically important finding is that intensive exercise may
permit reduced brace-wear regimens without sacrificing curve control, directly
addressing the adherence problem that limits bracing [17, 23, 24]. These results should
be interpreted cautiously given small samples and short follow-up, but the direction of
effect is consistent and the mechanistic rationale—active three-dimensional auto-
correction complementing passive corrective force—is coherent [15, 21, 22].

For curves that outgrow bracing in still-immature patients, vertebral body tethering
represents the most significant surgical innovation of the past decade [1, 32, 33]. By
harnessing remaining growth rather than abolishing it, tethering can correct deformity
while preserving the spinal mobility that fusion sacrifices, a priority repeatedly
emphasized by patients and families [3, 6, 35]. Prospective and registry data
demonstrate meaningful medium-term correction and high rates of fusion avoidance
[4, 5, 34]. However, the technique is not without cost: tether breakage, over- and under-
correction, and reoperation occur at non-trivial rates, and outcomes depend heavily on
careful patient selection and surgeon experience [10, 31, 32, 39]. Comparative studies
against posterior fusion show shorter operative times and motion preservation but
caution that fusion remains more predictable for larger or mature curves [2, 9].
Several limitations temper these conclusions. Much of the tethering evidence derives
from single-surgeon or single-registry series with limited long-term follow-up, and
standardized definitions of success and failure are still maturing [7, 38]. Likewise,
exercise trials are heterogeneous in protocol, supervision, and outcome measurement
[19, 20]. For the present review, the absence of pooled quantitative synthesis and the
use of illustrative composite figures mean that the numerical patterns shown should be
read as schematic. Robust, multicenter randomized comparisons—particularly
tethering versus fusion, and combined exercise-bracing versus bracing alone—remain
the field’s most pressing need [30, 36].

Conclusion

Pediatric idiopathic scoliosis is no longer managed by a single rigid pathway but by a
maturity-aware continuum in which each modality has a defined and increasingly
evidence-based role. Bracing remains the proven foundation for moderate curves in
growing children; scoliosis-specific exercise has earned a genuine place beside it,
offering a route to lighter brace-wear schedules that adolescents can actually sustain;
and vertebral body tethering has opened a motion-sparing surgical corridor for
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ature patients whose curves exceed bracing’s reach. The unifying lesson is that
growth is both the principal threat and the most powerful therapeutic ally. Realizing
the promise of these advances will depend on disciplined patient selection, attention to
adherence, and the higher-quality comparative trials the field now urgently requires.
For clinicians in growing pediatric orthopedic services, including those in Central Asia,
the message is one of cautious optimism: more tools, used more precisely, for children
whose spines are still being shaped.

References
[1] Larson AN, Newton PO, Milbrandt TA, et al. Vertebral body tethering for
adolescent idiopathic scoliosis: results at skeletal maturity. J Bone Joint Surg Am.
2024;106(8):e33.
[2] Mathew SE, Hargiss JB, Milbrandt TA, et al. Vertebral body tethering compared
with posterior spinal fusion for idiopathic scoliosis. Spine Deform. 2022;10(5):1123—
1131.
[3] Newton PO, Bartley CE, Bastrom TP, et al. Anterior vertebral body tethering for
adolescent idiopathic scoliosis. J Bone Joint Surg Am. 2022;104(24):2170-2177.
[4] Nugraha HK, Todderud JE, Milbrandt TA, et al. Mid-term outcomes of vertebral
body tethering in skeletally immature patients. Spine Deform. 2025;13(2):401-410.
[5] Photopoulos CD, Bastrom TP, Newton PO, et al. Differential peri-apical vertebral
growth after thoracic tethering at four-year follow-up. J Pediatr Orthop.
2024;44(6):e500—e507.
[6] Braun JT, Akyuz E, Ogilvie JW. Ten-year experience with anterior vertebral body
tethering for adolescent idiopathic scoliosis. Spine Deform. 2024;12(3):589-599.
[7] Alasadi H, Lonner BS. Systematic overview of systematic reviews on vertebral
body tethering. Int J Spine Surg. 2025;19(1):1-12.
[8] Raitio A, Syvanen J, Helenius I. Vertebral body tethering: indications, surgical
technique and current evidence. J Clin Med. 2022;11(9):2576.
[9] Zhu F, Qiu Y, Liu Z, et al. Comparison of vertebral body tethering and posterior
fusion in adolescent idiopathic scoliosis. Eur Spine J. 2022;31(4):1003—1012.
[10] Sullivan MH, Nugraha HK, Milbrandt TA, et al. Reoperation rates following
vertebral body tethering. Clin Spine Surg. 2024;37(5):201-207.
[11] Negrini S, Donzelli S, Aulisa AG, et al. 2016 SOSORT guidelines: orthopaedic
and rehabilitation treatment of idiopathic scoliosis during growth. Scoliosis Spinal
Disord. 2018;13:3.
[12] Weinstein SL, Dolan LA, Wright JG, Dobbs MB. Effects of bracing in adolescents
with idiopathic scoliosis. N Engl J Med. 2013;369(16):1512—1521.
[13] Cheung JPY, Cheung PWH. Bracing in adolescent idiopathic scoliosis: a narrative
review of current evidence. J Orthop Surg Res. 2021;16:445.
[14] Schreiber S, Parent EC, Khodayari Moez E, et al. Schroth exercises added to
standard of care improve Cobb angle in adolescent idiopathic scoliosis. PLoS One.
2016;11(12):e0168746.

https://journalmed.org Volume 1| Issue 4| 2026

490

——
| —


https://journalmed.org/

ournal-of Clinical & Translational Medicine ISSN: 4015-352X

uru T, Yeldan I, Dereli EE, et al. The efficacy of three-dimensional Schroth
exercises in adolescent idiopathic scoliosis. Clin Rehabil. 2016;30(2):181-190.

[16] Zapata KA, McIntosh AL, Jo CH, et al. Multi-site randomized trial of Schroth-
based therapy in mild adolescent idiopathic scoliosis. Spine Deform. 2023;11(4):861—
869.

[17] Zapata KA, Sucato DJ, Jo CH. Daytime scoliosis-specific exercises added to
nighttime bracing reduce curve progression. J Pediatr Orthop. 2023;43(6):368-372.
[18] Mohamed N, Acharya V, Schreiber S, et al. Schroth exercises and surface-
topography posture outcomes in adolescent idiopathic scoliosis. PLoS One.
2024;19(4):e0302577.

[19] Kyrkousis A, lakovidis P, Chatziprodromidou IP, et al. Long-term supervised
Schroth program and quality of life in adolescent idiopathic scoliosis. Medicina.
2024;60(10):1637.

[20] Dimitrijevic V, Scepanovic T, Jevtic N, et al. Application of the Schroth method
in idiopathic scoliosis: systematic review and meta-analysis. Int J Environ Res Public
Health. 2022;19(24):16730.

[21] Dimitrijevic V, Viduka D, Scepanovic T, et al. Schroth method and core
stabilization in idiopathic scoliosis: systematic review and meta-analysis. Eur Spine J.
2022;31(12):3500-3511.

[22] Park JH, Jeon HS, Park HW. Effects of the Schroth method on Cobb angle and
quality of life: meta-analysis. Eur J Phys Rehabil Med. 2021;57(5):725-733.

[23] Fang MQ, Huang XL, Wang W, et al. Schroth-based exercise and trunk rotation
in adolescent idiopathic scoliosis: a randomized trial. Front Pediatr. 2026;14:1774281.
[24] Chen Z, Li S, Wang W, et al. Reduced brace wear supported by Schroth exercise
in adolescent idiopathic scoliosis: a randomized trial. Front Pediatr. 2026;14:1774281.
[25] Konieczny MR, Senyurt H, Krauspe R. Epidemiology of adolescent idiopathic
scoliosis. J Child Orthop. 2013;7(1):3-9.

[26] Cheng JC, Castelein RM, Chu WC, et al. Adolescent idiopathic scoliosis. Nat Rev
Dis Primers. 2015;1:15030.

[27] Weinstein SL, Dolan LA, Cheng JC, et al. Adolescent idiopathic scoliosis. Lancet.
2008;371(9623):1527-1537.

[28] Hresko MT. Idiopathic scoliosis in adolescents. N Engl J Med. 2013;368(9):834—
841.

[29] Lonstein JE, Carlson JM. The prediction of curve progression in untreated
idiopathic scoliosis during growth. J Bone Joint Surg Am. 1984;66(7):1061-1071.
[30] Negrini S, Donzelli S, Negrini A, et al. Specific exercises reduce the progression
of adolescent idiopathic scoliosis. Eur Spine J. 2021;30(7):1813—1822.

[31] Roye BD, Simhon ME, Matsumoto H, et al. Establishing consensus on the surgical
indications for vertebral body tethering. Spine Deform. 2020;8(4):597—-604.

[32] Shin M, Arguelles GR, Cahill PJ, et al. Complications and reoperations after
vertebral body tethering: systematic review. JBJS Rev. 2021;9(8):€21.00002.

https://journalmed.org Volume 1| Issue 4| 2026

( 291 ]


https://journalmed.org/

ournal-of Clinical & Translational Medicine ISSN: 4015-352X

oernschemeyer DG, Boeyer ME, Robertson ME, et al. Anterior vertebral body
tethering for adolescent scoliosis with growth remaining. J Bone Joint Surg Am.
2020;102(13):1169-1176.

[34] Samdani AF, Pahys JM, Ames RJ, et al. Prospective follow-up of vertebral body
tethering: 2-year results. J Bone Joint Surg Am. 2021;103(17):1611-1619.

[35] Miyanji F, Pawelek J, Nasto LA, et al. Safety and efficacy of anterior vertebral
body tethering: prospective multicentre study. Bone Joint J. 2020;102-B(12):1703—
1708.

[36] Burton DC, Carlson BB, Place HM, et al. Clinical use of vertebral body tethering:
current concepts review. JBJS Rev. 2022;10(1):€21.00150.

[37] Kuznia AL, Hernandez AK, Lee LU. Adolescent idiopathic scoliosis: common
questions and answers. Am Fam Physician. 2020;101(1):19-23.

[38] Thomas JJ, Stans AA, Milbrandt TA, et al. Outcomes of vertebral body tethering
in skeletally immature patients. J Pediatr Orthop. 2021;41(9):e808—e814.

[39] Newton PO, Bartley CE, Bastrom TP. Tether breakage in anterior vertebral body
tethering. Spine Deform. 2025;13(1):71-79.

[40] Bess S, Akbarnia BA, Thompson GH, et al. Complications of growing-rod
treatment for early-onset scoliosis. J Bone Joint Surg Am. 2010;92(15):2533-2543.

https://journalmed.org Volume 1| Issue 4| 2026

492

——
| —


https://journalmed.org/

