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Abstract:   
The primary goal of nonoperative treatment of adolescent idiopathic scoliosis (AIS) is to prevent curve progression. 
The risk of progression and estimation of growth remaining should be performed through a combination of serial X-
rays, menarche history, serial height measurement, triradiate cartilage status, Risser grade, and Sanders Skeletal Matu-
ration Stage with a left-hand bone age X-ray. For AIS patients with growth remaining and a curve magnitude between 
25 and 45 degrees, conservative treatment with a rigid thoracolumbosacral orthosis (TLSO) is indicated. Rigid TLSOs 
(e.g., Wilmington, Boston, Rigo-Cheneau) are superior to other brace types, but there is insufficient evidence to rec-
ommend a specific type of rigid TLSO. Brace wear for at least 13 hours per day is indicated until skeletal maturity to 
limit curve progression. Physiotherapeutic scoliosis-specific exercises (PSSE) should be considered in addition to 
bracing for patients with moderate curves because there is growing evidence that PSSE improve overall patient-per-
ceived back status when used as an adjunct to brace treatment. However, PSSE have not been shown to decrease the 
likelihood of curve progression for patients with mild curves; therefore, insufficient evidence exists to recommend 
PSSE for asymptomatic patients with mild curves. The nonoperative treatment of AIS remains an active area of inves-
tigation, and further research is needed to better compare brace types, optimize brace weaning, and understand the ef-
fectiveness of PSSE.  

Key Concepts: 
• For adolescent idiopathic scoliosis patients with growth remaining and a curve magnitude between 25 and 45 de-

grees, conservative treatment with a rigid thoracolumbosacral orthosis (TLSO) is indicated until skeletal maturity
to limit curve progression.

• The success of brace treatment is time dependent, and rigid TLSOs should be worn for at least 13 hours per day.
Electric brace-wear sensors are helpful in routine clinical practice to assist with counseling patients and families.

• Rigid TLSOs (e.g., Wilmington, Boston, Rigo-Cheneau) are superior to other brace types, but there is insufficient
evidence to recommend a specific type of rigid TLSO.

• Physiotherapeutic scoliosis-specific exercises (PSSE) should be considered in addition to bracing for patients with
moderate curves.

• Insufficient evidence exists to recommend for or against PSSE for patients with mild curves.
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Introduction 
Adolescent idiopathic scoliosis (AIS) is a three-dimen-
sional spinal deformity defined by coronal plane angula-
tion of at least 10 degrees (measured by the Cobb 
method) first detected in a patient between 10 and 17 
years of age with no identifiable congenital, neuromus-
cular, or syndromic etiology. Most AIS curves remain 
mild, but patients with coronal curve magnitude greater 
than 50 degrees at skeletal maturity are likely to have 
progressive spinal deformity as adults. The risk of curve 
progression is generally highest during the prepubescent 
period of peak height velocity. Therefore, active obser-
vation with serial examination and/or X-rays is indicated 
for patients with curve magnitude less than 25 degrees 
without progression, which account for the majority of 
cases. Operative treatment with spinal fusion is generally 
reserved for patients with curve magnitude greater than 
45–50 degrees. For patients with growth remaining and a 
curve magnitude between 25 and 45 degrees, conserva-
tive treatment with bracing and/or physiotherapeutic sco-
liosis-specific exercises (PSSE) is indicated. The pri-
mary goal of conservative treatment is to prevent curve 
progression. Other goals expressed by the Society for 
Scoliosis Orthopaedic and Rehabilitation Treatment 
(SOSORT) include prevention of respiratory dysfunc-
tion, prevention of spinal pain, and improvement of aes-
thetics.1 

Brace Treatment 
A wide variety of scoliosis brace designs are available, 
and they can be classified according to biomechanical 
intent, material rigidity, spine region affected, and open-
ing number and location. Early Milwaukee-style cervi-
cothoracolumbosacral orthoses were traction based, and 
they were poorly tolerated by patients. These have 
largely been replaced by single-opening, rigid underarm 
thoracolumbosacral orthoses (TLSO), such as the pre-
fabricated modular system developed at Boston Chil-
dren’s Hospital2 and the custom molded system from the 
Alfred I. duPont Institute, which provide two-dimen-
sional control (coronal and sagittal) (Figure 1).3,4 More 
recently designed Rigo-Cheneau-style braces are 

intended to provide three-dimensional (coronal, sagittal, 
and axial) control (Figure 2). These braces are designed 
according to the Rigo scoliosis classification: imbal-
anced thoracic, double curve, balanced thoracic and false 
double, and single lumbar or thoracolumbar. Other avail-
able brace types include night-time bending braces (e.g., 
Charleston, Providence), which apply large bending 
forces, as well as softer, motion-based systems intended 
to promote postural change (e.g., SpineCor). 

Brace treatment is proposed to be effective via three 
mechanisms: (1) end-point control that resists curve 

Figure 1. The Wilmington 
brace is a custom  
underarm thoraco-lumbo-
sacral total-contact  
orthosis that provides a 
corrective scoliosis mold 
from a Risser-type cast 
with a fit high in the  
axilla and low over the 
greater trochanters and 
public symphysis. 

Figure 2. The Rigo-
Cheneau-style brace is a 
custom thoraco-lumbo-
sacral orthosis that uses 
contact points for scolio-
sis correction, derotation 
and sagittal alignment, as 
well as relief areas for 
soft tissue migration and 
breathing.  
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progression by reducing spine swaying, (2) in-brace cor-
rection that reduces spine buckling, and (3) transverse 
loading to mold and derotate the rib cage and spine. 
These mechanisms are thought to modulate remaining 
spinal growth and are therefore only useful in patients 
with substantial growth remaining.5 Most experts recom-
mend confirming in-brace coronal plane correction of at 
least 50% in a non-bending rigid TLSO or at least 75% 
correction in a bending brace and modifying (or re-fabri-
cating) the brace if initial correction is not obtained (Fig-
ures 3 and 4). Recent interest extends beyond in-brace 
coronal deformity correction to both the sagittal and ax-
ial planes. While there are not yet parameters for ideal 
correction, patients with mismatched pelvic incidence 
and lumbar lordosis in brace, and those who become 
hypo-kyphotic during bracing, have been shown to be at 
increased risk of scoliosis progression.6 There is also 
prospective data showing increased pre-brace apical ver-
tebral rotation and decreased apical vertebral rotation 
correction velocity in brace, present increased risk for 
scoliosis progression.7 Despite the partial radiographic 
correction achieved during brace wear, realistic goals 
and expectations of brace treatment should be set. Fol-
lowing discontinuation of bracing, the curve magnitude 
will be similar to that before treatment initiation,8 and 
permanent curve correction should not be expected in 
most AIS patients. 

 Early studies on the effectiveness of brace treatment in 
the prevention of curve progression had conflicting re-
sults. In both retrospective and prospective studies, pa-
tients with moderate curves were two to three times less 
likely to have curve progression requiring surgery.9,10 
However, some retrospective analyses found no differ-
ence in curve progression and rates of surgery.11,12 The 
inclusion of patients with mild curves in these studies 
likely caused studies to underestimate the effectiveness 
of bracing for moderate curves. The conflicting conclu-
sions contributed to wide variation in opinion among 
scoliosis care providers regarding the effectiveness of 
bracing13 and an effort to standardize the criteria for 
studies of bracing was completed.14   

The prospective Bracing for Adolescent Idiopathic Scoli-
osis Trial (BrAIST) provided the foundation for modern 
bracing recommendations. It included patients ages 10–15 
years, Risser stage 0-2, with a curve between 20 and 40 
degrees15 studied at 25 centers. Both patients who 

Figure 3. Radiographs of an 11-year-old girl with Adolescent 
Idiopathic Scoliosis with progression of TS-12 curve to 29 de-
grees (A). Radiographs in a custom-molded Wilmington brace 
demonstrate ˃50% curve correction (B). The Wilmington 
brace sits close to the skin and is tolerated well by this patient 
˃20 hours per day (C). 
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agreed to undergo randomization between brace treatment 
and active observation as well as those who refused ran-
domization but agreed to participate if allowed to choose 
(between bracing and observation) were included. Braces 
used in the study were Boston-style (posterior-opening 
rigid plastic TLSO with three-point molding) or Wilming-
ton (anterior-opening custom molded Orthoplast), and 
brace-wear compliance was recorded using a temperature 
sensor embedded in the brace. The primary outcome was 
prevention of curve progression to greater than 50 degrees 
at skeletal maturity. During interim analysis, it was found 
that patients were more likely to have a successful out-
come when treated with bracing (72%) compared to ob-
servation (48%), and therefore the study was terminated 
earlier than planned. The BrAIST study remains a land-
mark in establishing level 1 evidence for the effectiveness 
of bracing for moderate AIS; furthermore, a Cochrane 
systematic review concluded that brace treatment for 
moderate AIS is effective.16  

Multiple studies have demonstrated a time-dependent re-
sponse to success of brace treatment. Although a study 
on the Wilmington brace found no difference in curve 
progression or surgery with full (23 hours per day) or 
part-time (12-16 hours per day) wear prescription,17 sub-
sequent studies have identified 12–13 hours per day as a 
threshold for effective brace wear. The BrAIST data 
showed 90% success among patients who wore their 
brace for at least an average of 12.9–17.7 hours per day 
and a slightly higher success rate for those who wore it 

at least 18 hours per day.15 Similarly, Katz et al. found 
that the rate of surgery was lower among patients who 
wore their brace for at least 12 hours per day (6%) com-
pared to those who wore it for 7 to 12 hours per day 
(25%) or less than 7 hours per day (32%).18 Addition-
ally, studies have documented that patients overreport 
their average daily hours of brace wear to their physician 
and wear the brace fewer hours than prescribed.19 Brace 
wear monitor data can provide feedback to the patient, 
family, orthotist, and physician. Therefore, most experts 
recommend that brace wear should be monitored using 
electronic sensors in routine clinical practice.20 Counsel-
ing patients and families about their wear time and op-
portunities to improve compliance will make brace treat-
ment more effective. 

The decision to begin brace treatment should be made 
after a thorough discussion between the physician, pa-
tient, and family regarding the progression risk of AIS 
and the available treatment options. The BrAIST data 
suggest that if all patients Risser 0–2 patients with 
curves of 20 to 40 degrees are braced, the number 
needed to treat to prevent one patient from progressing 
to a curve of surgical magnitude is approximately 3. 
Thus, it is appropriate for some patients with mild 
curves (<25 degrees) to be observed and assessed for 
progression over a 4- to 6-month interval. On the other 
hand, initiation of bracing can still be considered for 
patients who present at Risser grade 3 with curves of 
30–45 degrees. The risk of progression and estimation 

Figure 4. Radiographs of an 11-year-old girl with Juvenile Idiopathic Scoliosis with progression of T6-11 curve to 28 degrees. The patient 
was treated with a Rigo-Cheneau-style brace with ˃50% curve correction (B). This patient wears her brace ˃21 hours per day and has no 
curve progression 2.5 years later (C). The Rigo-Cheneau-style brace applies 3D scoliosis correction principles using contact points and 
relief areas. 
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of growth remaining should be performed through a 
combination of serial X-rays, menarche history, serial 
height measurement, triradiate cartilage status, Risser 
grade, and Sanders Skeletal Maturation Stage (SMSS) 
with a left-hand bone age X-ray.21 The predictive value 
of the SMSS for main thoracic and double major curve 
patterns was validated in a large cohort of AIS pa-
tients.22 There are skeletal maturity scales validated in 
AIS utilizing radiographs of the thumb23 and proximal 
humerus,24 though the SMSS and Risser grade remain 
the most widely used and studied at this time. Online 
calculators utilizing predictive models incorporating 
the curve pattern, curve magnitude, and either the 
SMSS or the patient age, sex and Risser grade are 
available from the University of Iowa 
(https://uichildrens.org/ais-prognosis-calculator-
simplified) and can help facilitate the shared decision-
making process with families. 

 Patient and orthotist selection are likely far more im-
portant than selection of a brace type, and excellent re-
sults can be obtained with many types of rigid TLSOs. 
Rigid non-bending TLSOs have been shown to be more 
effective at preventing surgery than both bending 
braces25 and soft braces;26 therefore, they are recom-
mended by most experts.20 A comprehensive review by 
SOSORT found that there is insufficient evidence to rec-
ommend a specific type of rigid non-bending TLSO.1 
More recently, results of computer-assisted design/man-
ufacturing (CAD/CAM) suggest improvement in curve 
correction and brace weight compared to manual tech-
niques27 with encouraging early clinical outcomes after 2 
years of bracing.28 Research on low-cost, quick-produc-
tion 3D-printed braces is also underway.29 In addition to 
radiographic and clinical measurements, the orthotist can 
utilize a three-dimensional optical scan of the patient to 
prepare the brace design. Minsk et al. reported that pa-
tients with comparable deformity and brace-wear times 
were less likely to have curve progression or surgery 
when treated with a Cheneau-style orthosis than with a 
Boston-style orthosis.30 However, this study was limited 
by inclusion of only 13 patients treated with a Cheneau-
style orthosis, and further research is needed to compare 

results of the different rigid TLSO types. Nevertheless, 
Cheneau-style and three-dimensional CAD/CAM de-
signs have become popular at many North American 
centers and in the online community. 

 Once brace treatment is initiated, in-brace posteroante-
rior (PA) and lateral X-rays are made 2–6 weeks later to 
verify adequate correction and exclude worsening of 
sagittal plane parameters, and brace adjustments are 
made as needed. Clinical examination and subsequent 
out-of-brace (for at least 6 hours prior) PA X-ray are 
performed every 4–6 or 6–12 months for rapidly grow-
ing (SMSS 3 or 4) or slowly growing patients, respec-
tively. When patients reach skeletal maturity, as deter-
mined either by stable height for 6 months, 2 years since 
menarche, Risser 5, or SMSS 7, the brace should be 
weaned over a period of 6 months,20 although further re-
search is needed to better understand the benefits of 
weaning compared to abrupt discontinuation. Recent at-
tention has been paid to stopping bracing at SMSS 7, 
with curve progression reported in up to 11.4% of pa-
tients.31 In contrast, cessation of bracing at SMSS sub-
type 7b (>50% fusion of the medial distal ulnar physis) 
is reported to be more reliable, with no cases of curve 
progression and no need to wait until SMSS 8 for dis-
continuation of bracing.31  

Despite appropriate assessment of risk of progression, 
wear monitoring, and compliance counseling, some pa-
tients will not benefit from brace treatment. Patients with 
greater curve magnitude at the time of brace initiation, 
excessive thoracic hypokyphosis, or very high or low 
body mass indices are less likely to benefit from brace 
treatment.32,33,34 Additionally, curves with an apex proxi-
mal to T7 are not well-controlled by underarm TLSO 
braces. There is no role for bracing curves greater than 
50 degrees or any curves in skeletally mature patients 
(Risser grade 5, SMSS 7/8) with AIS. 

Physiotherapeutic Scoliosis  
Specific Exercises 
 The primary aim of PSSE is to prevent progression of 
spinal deformity by altering the soft tissues and 
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neuromuscular control of the spine. PSSE may be pre-
scribed either in combination with a brace for patients 
with moderate (25–45 degree) curves or in the ab-
sence of a brace for patients with mild curves (<25 
degrees) who are highly motivated to avoid needing a 
brace. There are seven major schools of PSSE, and 
they share several common features: three-dimen-
sional self-correction, training activities of daily liv-
ing, and stabilization of corrected posture.35 The 
Schroth technique is one of the most widely publi-
cized and studied methods of PSSE. Intended to pro-
mote three-dimensional correction through elonga-
tion, rotational breathing, and stabilization, the 
Schroth method emphasizes curve-specific postural 
corrections during daily activities.36  

PSSE typically consist of at least 15 minutes of daily ex-
ercise combined with at least one weekly 60-minute ses-
sion with a physical therapist for a duration of 9–12 
weeks. The equipment for home exercises costs approxi-
mately $60–$90 and wall bar installation can be >$500 
(Figure 5). Specific goals include muscle strengthening 
(e.g., periscapular and abdominal muscles), increased 
flexibility (e.g., latissimus and paraspinals), postural cor-
rection through visual and tactile feedback, and breath-
ing exercises intended to strengthen the diaphragm, de-
crease the use of accessory respiratory muscles, and ex-
pand the rib cage. Manual therapy is performed to im-
prove spinal segment and rib mobility. Education is pro-
vided in anticipation of transition to a home exercise 
program after 12 weeks. 

There is limited evidence regarding the effectiveness of 
PSSE as isolated therapy. A 2012 Cochrane review 
found limited, low-quality evidence in support of 
PSSE.37 Since then, the feasibility of a randomized con-
trolled trial has been demonstrated in the United King-
dom,38 and two small randomized controlled trials with 
short-term (24–52 week) follow-up have found that 
PSSE as a standalone intervention are effective to slow 
progression in patients with mild curves compared to 
typical exercise programs or observation.39,40 Addition-
ally, Liu et al. performed a prospective cohort study of 

children with scoliosis measuring 10–25 degrees, treated 
with PSSE alone, with minimum of 1 year of follow-
up.41 While their study lacked any control group, they 
were able to demonstrate that only 7% of patients’ scoli-
osis progressed, which is lower than previously pub-
lished rates of observation alone. PSSE are safe and may 
be a reasonable choice for patients with mild curves who 
are highly motivated to avoid a brace and want to “take 
action.” However, the associated cost is not insignificant 
for many families, and the number of these patients 
needed to treat to prevent progression remains unknown. 

There is growing evidence in support of the effective-
ness of PSSE as an adjunct to brace treatment. In a pro-
spective, historical cohort-matched study, 24 patients 
treated with bracing who were also prescribed a Schroth-
type PSSE program were more likely to have stable or 
improved curve magnitude, angle of trunk rotation, and 
quality of life scores compared to historical controls.36 In 
a well-designed randomized controlled trial of 50 pa-
tients with 10- to 45-degree curves also being treated 
with standard care (i.e., braces were worn if indicated), a 

Figure 5. Equipment to perform the Schroth method includes 
wall bars for hanging, sitting and standing exercises, mirrors 
to assess alignment and body position, a floor mat for supine 
exercises, straps to provide traction for elongation exercises, 
and bean bags as cues for body position (A). Less expensive 
portable options can be created for home such as a door jamb 
anchor, graduated stretching strap and dowel to recreate the 
wall bar (B). 
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6-month Schroth exercise program improved pain, self-
image and back muscle endurance.42 Additionally, pa-
tients in the PSSE group demonstrated a small, statisti-
cally significant difference in curve magnitude compared 
to the control group—the largest curve decreased on av-
erage by 1.2 degrees in the PSSE group and increased by 
2.3 degrees in the control group over the 6-month pe-
riod.43 In a secondary analysis of these data, Schreiber et 
al. calculated that to prevent one progression of the larg-
est curve beyond 5 degrees over the 6-month interval, 
the number needed to treat is approximately 4.44 Finally, 
in further analysis of the same data, they reported that 
despite the absence of a clinically meaningful curve 
magnitude improvement, patients still perceived signifi-
cant improvement of overall back status.45 A second pro-
spective randomized trial recently performed by Gao et 
al. similarly found that patients treated with 6 months of 
PSSE, in addition to bracing, had small but significant 
improvements in Cobb angle (4.87 vs. 2.05 degrees), in 
addition to improvement in back muscle endurance and 
pulmonary function.46 Unfortunately, completion of a 
structured PSSE program (>10 visits) still only results in 
50% rate of compliance with home exercises at one 
week and 23.5% at one year.47 Despite questionable 
compliance, Fan et al. have demonstrated that in a pro-
spective trial, 40 patients treated with 6 months of PSSE 
+/- bracing had statistically significant, durable improve-
ment in curve magnitude at 2 years with no cases of de-
terioration.48 While PSSE have been shown to contribute 
to halting curve progression, the clinical significance of 
such improvements remain unproven, and further re-
search is needed to better define the impact of this treat-
ment discipline. 

Summary 
Bracing and exercises for AIS remain active areas of re-
search. High-quality evidence supports rigid TLSO treat-
ment for at least 13 hours per day to limit the risk of 
curve progression for AIS patients with growth remain-
ing and curve magnitude between 25 and 45 degrees. 
Available progression-risk calculators provide objective 
data that can facilitate the patient’s decision to begin 

brace treatment. Preliminary findings suggest that 
CAD/CAM techniques may improve three-dimensional 
correction, but further research is needed to determine 
whether recent advances in brace design affect curve 
progression. Although insufficient evidence exists to 
recommend PSSE for asymptomatic patients with mild 
curves, there is growing evidence that PSSE improve 
overall patient-perceived back status when used as an 
adjunct to brace treatment. 

Additional Links 
•  A guide to different braces and their intended uses by 
the Scoliosis Research Society: https://www.srs.org/pro-
fessionals/online-education-and-resources/srs-bracing-
manual 

•  A nonprofit organization to help educate and connect 
families and promote research of pediatric spinal de-
formity: https://www.settingscoliosisstraight.org 

•  A scoliosis calculator that predicts the risk of progres-
sion of Cobb angle >45 degrees without treatment, uti-
lizing Simplified Skeletal Maturity Scoring System, 
curve location, and curve magnitude: https://uichil-
drens.org/ais-prognosis-calculator-simplified 

•  International peer-led support group to connect and 
support young women with scoliosis: 
https://www.curvygirlsscoliosis.com 
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