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Bracing for scoliosis in 2014: state of the art

Currently, the leading treatment for moderately 
severe idiopathic scoliosis (IS) during the de-

velopmental phase is bracing.1 Following a lengthy 
debate, during which researchers and authors 
questioned the role of bracing in the treatment 
of IS due to inconsistent evidence, the Bracing 
in Adolescent Idiopathic Scoliosis Trial (BrAIST) 
study has provide high level evidence to the value 
of bracing to reduce the likelihood of progres-
sion to surgical treatment and may have convinced 
most of those who were skeptic.2 The Cochrane 
review (performed prior to Weinstein publication 
on BrAIST) reported low-quality evidence in favor 
of bracing for IS;3, 4 however, due to the lack of 
randomized control trials (RCTs), after the failure 
of a Dutch RCT due to the impossibility of recruit-
ing patients, there has been a further attempt to 
carry out a randomized clinical study.5, 6 Unfor-
tunately, this study failed in randomizing patients 
due to their willingness to decide which treatment 
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Bracing is currently the primary method for treating 
moderate idiopathic scoliosis (IS) during the develop-
mental phase of growth. Following a lengthy debate, 
during which researchers and authors questioned the 
role of bracing in the treatment of IS due to incon-
sistent evidence, the Bracing in Adolescent Idiopathic 
Scoliosis Trial study have provided a high level of evi-
dence to the value of bracing and may have convinced 
most of those who were skeptic. However, although 
some guidelines have been published, there remains 
no standard for constructing scoliosis orthoses and 
no standard treatment protocol. The Scoliosis Re-
search Society criteria were established to provide 
a framework by which to research bracing and ado-
lescent idiopathic scoliosis, and the Society on Sco-
liosis Orthopedic and Rehabilitation Treatment cri-
teria were published to guarantee a minimum level 
of expertise for MDs and CPOs involved in the brace 
treatment. However, very few contemporary papers 
follow both sets of criteria, and the extensive variety 
of braces makes it difficult to determine if one is su-
perior to another. The aim of this paper is to provide 
an overview of state-of-the-art brace treatment, high-
lighting commonly used braces and their history, bio-
mechanical concept, and results, as reported in pub-
lished literature. Specific focus is placed on European 
(i.e., Chêneau and derivatives, Dynamic Derotating, 
Lyon, PASB, Sforzesco, TLI, TriaC) and North Ameri-
can (i.e. Boston, Charleston, Milwaukee, Providence, 
Rosenberger, SpineCor, Wilmington) designs. Details 
about different building techniques are also reported, 
along with recently developed tools that are designed 
to monitor compliance.
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to undergo, and turned to a prospective observa-
tional study.2 This BrAIST study favored bracing 
to reduce the rate of surgery in AIS cases, with 
consistent results in both arms: both randomized 
and observed. In addition, a linear relationship of 
brace compliance (hours of brace wear) and suc-
cess of treatment was found.

Among the limits to creating strong literature re-
garding bracing, a standard to building spinal or-
thosis 7 and standard treatment protocols exists.8 
The Scoliosis Research Society (SRS) established cri-
teria to allow for improved AIS research,9 and the 
SOSORT published criteria to guarantee a minimum 
level of expertise for MDs and CPOs involved in the 
orthotic treatment of IS.10 Nevertheless, only a few 
IS research projects follow these criteria.

The aim of this paper was to summarize the state-
of-the-art brace treatment, reflecting different in-
ternational brace types, focusing on European and 
North American designs. Different building tech-
niques are also detailed, along with tools designed 
to monitor compliance. As inclusion criteria, we 

considered only the most used braced with some 
scientific evidence of results possibly out of brace 
but at least in brace.

European Scoliosis braces

All braces reported in this paper are summarized 
in Table I, where data are resumed according to the 
Brace-Map classification system.11

Chêneau brace

The Chêneau brace, initially called the Cheneau-
Toulouse-Munster brace (CTM), was developed in 
the 1960s.12 Currently accepted and used world-
wide, this rigid brace provides 3-dimensional cor-
rection and opens anteriorly.13

The Chêneau brace is divided into zones and pro-
vides large, free spaces opposite pressure sites. The 
hump presses on 1/3 of the surface of the apex, and 

Table I.—�Summary of the all braces reported in this paper. NA=not applicable; full time: more than 18-20 hours a day; part time: 
10 to 18; night time: less than 10, only during sleeping.

Brace Origin Developer Building Construction Rigidity Material Anatomical 
Classification

Construction of 
the Envelope

Mechanism of 
Action Plane of action Brace Map 

Classification Opening Main indication Initial Hours of 
prescription

Classification B R A CE MA P        

Boston USA J Hall, W Miller P: prefabricated 
envelope

Prefabricated 
models

R: Rigid polyethylene L: LSO S: Symmetric T: Three Point 3D: 3-dimensional PRLST3D posterior single and double curves full time/part time

Charleston USA F Reed, R Hooper R: Rigid polyethylene L: LSO A: Asymmetric T: Three Point Fr: Frontal CRLATFr anterior single lumbar, 
thoracolumbar, thoracic 
curves

night time

Chêneau and derivatives France-Germany J Cheneau C: custom made CAD/CAM - 
hand made

R: Rigid polyethylene T: TLSO A: Asymmetric T: Three Point 3D: 3-dimensional CRTAT3D anterior single and double curves full time

Dynamic Derotating Greece N Vastatzidis C: custom made CAD/CAM - 
hand made

R: Rigid polypropylene and 
aluminium

T: TLSO A: Asymmetric T: Three Point FH: Frontal Horizontal CRTATFH posterior single and double curves full time

Lyon France P Stagnara V: Very rigid polymetacrylate 
and radioluscent 
duralumin

T: TLSO A: Asymmetric T: Three Point 3D: 3-dimensional CVTAT3D anterior single and double curves full time/part time

Milwaukee USA W Blount, A Schmidt R: Rigid polyethylene, alumin 
and steel

C: CTLSO A: Asymmetric E: Elongation FH: Frontal Horizontal CRCAEFH posterior single and double curves full time/part time

PASB Italy L Aulisa C: custom made Hand made R: Rigid polyethylene L: LSO A: Asymmetric T: Three Point 3D: 3-dimensional CRLAT3D anterior single lumbar/thoracolumbar 
curves

full time

Providence USA C d’Amato, B McCoy C: custom made CAD/CAM - 
hand made

R: Rigid polyethylene T: TLSO A: Asymmetric T: Three Point Fr: Frontal CRTATFr anterior single and double curves night time

Rosemberger USA R Rosemberger R: Rigid polyethylene L: LSO A: Asymmetric T: Three Point Fr: Frontal CRLATFr anterior single and double curves full time/part time
Sforzesco Italy S Negrini, M Marchini C: custom made CAD/CAM - 

hand made
V: Very rigid copolyester ± radiolu-

scent duralumin
T: TLSO S: Symmetric P: Push 3D: 3-dimensional CVTSP3D anterior single and double curves full time

SpineCor Canada C Coillard, C Rivard P: prefabricated 
envelope

Prefabricated 
models

E: Elastic elasthic tissue T: TLSO A: Asymmetric M: Movement 3D: 3-dimensional PETAM3D NA single and double curves full time

TLI The Netherlands P Van Loon P: prefabricated 
envelope

Prefabricated 
models

R: Rigid polyethylene L: LSO S: Symmetric T: Three Point Sa: Sagittal PRLSTSa posterior single and double curves full time

TriaC The Netherlands AG Veldhuizen L: Low Rigidity soft plastic and metallic 
connections

T: TLSO A: Asymmetric T: Three Point 3D: 3-dimensional PLTAT3D NA single and double curves full time/part time

Wilmington USA D MacEwen C: custom made Hand made R: Rigid polyethylene T: TLSO A: Asymmetric T: Three Point FH: Frontal Horizontal CRTATFH anterior single and double curves full time/part time
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OuTcOmes

The brace is reported to obtain an average prima-
ry in brace correction of 41% (thoracic, lumbar, dou-
ble) and a long-term correction of 14.2% thoracic, 
and 9.2% lumbar double curves: 5.5% thoracic and 
5.6% lumbar. Also reported at the end of treatment 
is about 25% of Cobb-angle correction and, stabili-
zation of about 23% (P value <0.05). Therefore, the 
Chêneau brace not only halts progression, but pos-
sibly improves the scoliotic curve.15

Chêneau brace derivatives

RIgO sysTem chêneau bRace (Rscb)

Developed during the early 1990s, Rigo-Chêneau is 
basically a Chêneau type brace designed according to 
re-defined biomechanical principles and a new curve-
pattern specific classification (Figure 1). The brace 
combines forces required to correct scoliosis in 3D.16 
The blueprint of the brace is based on the classifica-

the corresponding dodging site involves 4/5 of the 
surface of the concave side of the curve. Each of the 
remaining two pressure parts of the 3-point system 
presses on 1/5 of the surface of the concave side, 
which are the apexes of the neighboring curves. 
Dodging opposite the latter sites (might say, second-
ary curve or leeser curves) allows movement and 
active straightening of the curve. The brace does 
not hinder any of the three dodging areas, that is, 
the middle 4/5 of concave side and the 1/3 over and 
under the apex.

The mechanisms of Chêneau brace correction 
are: 1) passive mechanisms: convex to concave tis-
sue transfer achieved by a 3-point system acting in 
multiple dimensions with the aim of curve hyper-
correction, elongation, and unloading; derotation of 
the thorax; and bending; and 2) active mechanisms: 
vertebral growth acting as a corrective factor, asym-
metrically guided respiratory movements of the rib 
cage, repositioning of the spatial arrangement of the 
trunk muscles to provide physiological action, and 
anti-gravitational effect.14

Table I.—�Summary of the all braces reported in this paper. NA=not applicable; full time: more than 18-20 hours a day; part time: 
10 to 18; night time: less than 10, only during sleeping.

Brace Origin Developer Building Construction Rigidity Material Anatomical 
Classification

Construction of 
the Envelope

Mechanism of 
Action Plane of action Brace Map 

Classification Opening Main indication Initial Hours of 
prescription

Classification B R A CE MA P        

Boston USA J Hall, W Miller P: prefabricated 
envelope

Prefabricated 
models

R: Rigid polyethylene L: LSO S: Symmetric T: Three Point 3D: 3-dimensional PRLST3D posterior single and double curves full time/part time

Charleston USA F Reed, R Hooper R: Rigid polyethylene L: LSO A: Asymmetric T: Three Point Fr: Frontal CRLATFr anterior single lumbar, 
thoracolumbar, thoracic 
curves

night time

Chêneau and derivatives France-Germany J Cheneau C: custom made CAD/CAM - 
hand made

R: Rigid polyethylene T: TLSO A: Asymmetric T: Three Point 3D: 3-dimensional CRTAT3D anterior single and double curves full time

Dynamic Derotating Greece N Vastatzidis C: custom made CAD/CAM - 
hand made

R: Rigid polypropylene and 
aluminium

T: TLSO A: Asymmetric T: Three Point FH: Frontal Horizontal CRTATFH posterior single and double curves full time

Lyon France P Stagnara V: Very rigid polymetacrylate 
and radioluscent 
duralumin

T: TLSO A: Asymmetric T: Three Point 3D: 3-dimensional CVTAT3D anterior single and double curves full time/part time

Milwaukee USA W Blount, A Schmidt R: Rigid polyethylene, alumin 
and steel

C: CTLSO A: Asymmetric E: Elongation FH: Frontal Horizontal CRCAEFH posterior single and double curves full time/part time

PASB Italy L Aulisa C: custom made Hand made R: Rigid polyethylene L: LSO A: Asymmetric T: Three Point 3D: 3-dimensional CRLAT3D anterior single lumbar/thoracolumbar 
curves

full time

Providence USA C d’Amato, B McCoy C: custom made CAD/CAM - 
hand made

R: Rigid polyethylene T: TLSO A: Asymmetric T: Three Point Fr: Frontal CRTATFr anterior single and double curves night time

Rosemberger USA R Rosemberger R: Rigid polyethylene L: LSO A: Asymmetric T: Three Point Fr: Frontal CRLATFr anterior single and double curves full time/part time
Sforzesco Italy S Negrini, M Marchini C: custom made CAD/CAM - 

hand made
V: Very rigid copolyester ± radiolu-

scent duralumin
T: TLSO S: Symmetric P: Push 3D: 3-dimensional CVTSP3D anterior single and double curves full time

SpineCor Canada C Coillard, C Rivard P: prefabricated 
envelope

Prefabricated 
models

E: Elastic elasthic tissue T: TLSO A: Asymmetric M: Movement 3D: 3-dimensional PETAM3D NA single and double curves full time

TLI The Netherlands P Van Loon P: prefabricated 
envelope

Prefabricated 
models

R: Rigid polyethylene L: LSO S: Symmetric T: Three Point Sa: Sagittal PRLSTSa posterior single and double curves full time

TriaC The Netherlands AG Veldhuizen L: Low Rigidity soft plastic and metallic 
connections

T: TLSO A: Asymmetric T: Three Point 3D: 3-dimensional PLTAT3D NA single and double curves full time/part time

Wilmington USA D MacEwen C: custom made Hand made R: Rigid polyethylene T: TLSO A: Asymmetric T: Three Point FH: Frontal Horizontal CRTATFH anterior single and double curves full time/part time
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worst case analysis brought the uppermost number of 
cases that could have undergone spinal fusion to 15 
(14.1%), significantly lower to the 28% reported sur-
geries from a centre with the policy of non-conserv-
ative intervention.18 Recently, the in-brace correction 
of the Cobb angle has been improved: 53.7% for the 
main curve.19 In patients with long thoracic curves 
treated with an improved brace design (A1 type), the 
reported in-brace correction is 76.7% for the Cobb-
angle and 55.9% for the axial rotation.20 End results 
from an independent group have shown that the Rigo 
System Chêneau brace provides excellent clinical re-
sults in the treatment of mild to moderate AIS.21

scOlIOlOgIc® “chêneau lIghT”

The ScoliOlogiC® “Chêneau light” was invented 
by Dr. Hans-Rudolf Weiss, and was presented and 
built in 2005,22 with the aim to make the brace light-
er, finer, easier to wear, and by this, allowing a bet-
ter quality of life for the patients with scoliosis under 
brace treatment.

tion, which includes clinical as well as radiological 
criteria. The clinical criteria are utilized to differentiate 
four basic types: 1) imbalanced thoracic (A type); 2) 
true double (B type); 3) balanced thoracic and false 
double (C type); 4) single lumbar or thoracolumbar 
(E type). Radiological criteria are used to confirm the 
basic curve type and additionally diagnose nine dif-
ferent sub-types. Biomechanical principles are: 1) 
three-point systems; 2) pair of forces for derotation 
and counter-rotation; 3) breathing mechanics to pre-
vent the morphological thoracic flat back; 4) sagittal 
physiological profile. The author has also generalized 
the use of the “open pelvis” design. It exists a CAD-
CAM version (RSC®), used mostly in Germany.

Outcomes.—Initial reports indicated a 31.1% pri-
mary Cobb angle in brace correction and 22.2% pri-
mary torsion angle correction. At a follow-up of 16.8 
months, 54% of curves were stable, 27% improved, 
and 19% progressed.17 In a further study, from a total 
of 106 braced cases out of which 97 were followed up, 
six cases (5.6%) ultimately underwent spinal fusion. A 

Figure 1.—Rigo Chêneau brace.
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brace and the brace’s straps are tightened. The forc-
es applied by the blades are added to the side forces 
exerted by the brace, and changing of the backward 
angle of the blades modifies them.

OuTcOmes

The published reports detail an overall initial Cobb-
angle correction of 49.54% and, at the 2-year follow-
up, a correction of 44.10%. It was also reported that, 
overall, 35.70% of curves improved, while 46.42% 
were stable, and 7.83% worsened or increased. As 
far as the cosmesis (Angle Trunk Inclination, or ATI/
hump) is concerned, the DDB improves the cosmetic 
appearance of the back in IS children with all but 
right-thoracic curves. The study on quality of life af-
ter conservative treatment of AIS using DDB with the 
Brace Questionnaire (BrQ), which is specific to brace 
treatment, revealed an influence on school activity 
and social functioning but not on general health per-
ception, physical functioning, emotional functioning, 
vitality, bodily pain, self-esteem, or aesthetics.26

Lyonnaise (Lyon) brace

Created by Pierre Stagnara in 1947, Allègre and 
Lecante modified the Lyon brace to its present form 

Outcomes.—Weiss et al., 2007, reported 51% cor-
rection of Cobb angle (Cobb angle in the whole 
group of patients was reduced by an average of 
16.4°), 62% correction for lumbar and thoracolum-
bar curve pattern, 36% correction for thoracic sco-
liosis, and 50% correction for double-major curve 
pattern. The correction effect correlated negatively 
with age (r=-0.24; P=0.014), negatively with the Riss-
er stage (-0.29; P=0.0096) and negatively with Cobb 
angle before treatment (r=-0.43; P<0.0001).23 No end 
of treatment results are available at present time for 
this brace.24

Dynamic derotating brace (DDB)

Developed in Athens, Greece, in the 1980s, the 
DDB is made of polypropylene with a soft foam pol-
yethylene lining and opens posteriorly.25 The DDB 
is a TLSO-type brace, featuring anti-rotatory blades 
that act as springs/anti-rotatory devices, maintaining 
constant correcting forces at the pressure areas of 
the brace while producing movements in opposite 
directions of the two halves of the brace (Figure 2). 
The derotating metal blades are attached to the rear 
side of the brace corresponding to the most protrud-
ing part of the thorax (hump) or the trunk of the 
patient. These blades become active when their free 
ends are placed underneath the opposite side of the 

Figure 2.—Dynamic derotating brace.
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bar of 36%. Results are also obtained on cosmesis 
(hump in mm). The rib hump is better corrected 
than the Cobb angle, which is reduced by 1/3 at 
the thoracic level and by more than 50% at the lum-
bar level. The esthetical aspect is always better than 
the radiographs: in 1338 treated scoliotics, 67.19% 
were improved, 27.80% were stable, and 5% dete-
riorated.27

Progressive action short brace (PASB)

Used since 1976 for the treatment of thoraco-
lumbar and lumbar idiopathic curves, the PASB 
is a custom-made thoraco-lumbar-sacral orthosis 
(TLSO) brace of original design devised by Dr. 
Lorenzo Aulisa in Italy.28 The PASB is only indi-
cated for the treatment of thoraco-lumbar and lum-
bar curves, and is designed on the principle that 
a constrained spine’s dynamics can achieve cor-
rection of a curve by inverting the abnormal load 
distribution during growth. The practical applica-
tion of the biomechanical principles of the PASB 
is achieved through the following two operative 
phases. During a plaster-cast phase, which pre-
cedes the brace application, external forces are ex-

using aluminium bars and plexidur (a high-rigidity 
material) in 1958.27 An adjustable rigid brace with-
out a neck ring, the bars of this brace are made 
of radioluscent duralumin, the faceplate and joint 
are made of high steel, and the thermo-malleable 
plastic is made of polymetacrylate (Figure 3). The 
treatment is based on two main principles: an initial 
plaster cast is meant to stretch the deep ligaments 
before the application of the Lyon brace and the 
subsequent application of the adjustable brace. The 
blueprint is based on Lenke’s idiopathic scoliosis 
classification, with 14 design types. The indications 
for this brace are scoliosis patients who are 11-15 
years old. This brace is not meant for younger pa-
tients in order to prevent tubular deformation of the 
thorax.

OuTcOmes

The reported results detail an effectivity index (re-
sults based on SRS-SOSORT treatment criteria two 
years after brace weaning) of 0.97 for lumbar curve, 
0.88 for thoraco-lumbar curve, and 0.80 for thoracic 
curve. The Cobb-angle correction is reported for 
thoracic correction of 12%, for double major of 10% 
and 25%, for thoraco-lumbar of 24%, and for lum-

Figure 3.—Lyon brace.
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OuTcOmes

Aulisa et al., 2009, reported Cobb angle and 
Pedriole torsion angle readings of the treated tho-
racolumbar and lumbar curves. The pretreatment 
Cobb mean value was 29.3±5.16°, and the initial 
apical rotation was 12.7±6.14°. The immediate 
Cobb correction was 14.67±7.65°, and the apical 
rotation correction at follow up was 8.95±5.82°. 

erted to correct the deformity through elongation, 
lateral deflection, and derotation. This procedure 
allows transversal sections to be represented by 
asymmetric ellipsis. The finishing touch of the cast 
establishes the real geometry of the plastic brace. 
One, or sometimes two casts, in relation to the 
curve rigidity, are manufactured before switching 
to the custom-made polypropylene orthosis of the 
second phase of treatment (Figure 4).

Figure 4.—PASB.

Figure 5.—Sforzesco brace.
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OuTcOmes

This brace is reported to be more effective than 
the Lyon brace after six months of treatment (38° 
Cobb curves on average): 80% improved and none 
worsened vs. 53% and 13%, respectively.32 It is as ef-
fective as the Risser plaster cast in achieving maxi-
mum correction after 18 months of treatment (40° 
Cobb average curve), and is more effective than the 
Risser cast + Lyon brace in treating curves over 45° 
Cobb reaching the end of growth (45°-58° Cobb), 
with better results in the thoracic curves without any 
sagittal plane worsening.33 Further, this brace is able 
to improve esthetics in scoliosis patients. Recently, a 
controlled prospective study was published, showing 
that this brace is a suitable alternative for patients that 
reject any surgical intervention for IS above 45°. Pa-
tients joining treatment achieved a 10.4±10.7° Cobb 
improvement, with 61% who completed the treat-
ment with less than 45°, and 15% with less the 35°.34

TLI (thoracolumbar lordotic intervention) brace

A modified symmetric 30° Boston brace that en-
sures only forced lordosis at the thoracolumbar spine, 
the TLI brace is applied when the Cobb angle of at 
least one of the IS curves is ≥25° and kyphosis with 
or without a curve is <25° in the coronal plane. None 

Overall, curve correction was noted in 94% of pa-
tients, and curve stabilization in 6% of patients.29

Sforzesco brace

Developed by Stefano Negrini and CPO Gian-
franco Marchini in 2004, in Milan, Italy, based on the 
SPoRT concept (Symmetric, Patient-Oriented, Rigid, 
Three-Dimensional, Active), the Sforzesco brace com-
bines characteristics of the Risser cast and the Lyon, 
Chêneau-Sibilla, and Milwaukee braces.30 Its main ac-
tion is to push scoliosis from the pelvis up, essentially 
to deflex, derotate, and restore the sagittal plane (3-di-
mensional action).30, 31 Published results have been su-
perior to the Lyon brace and similar to the Risser cast 
with fewer side effects, making the Sforzesco brace 
useful for “worst cases,” according to authors (Figure 
5). This brace is based on efficacy and acceptability 
correction principles: 1) efficacy: the active brace, in 
which the patient is allowed/encouraged to move 
freely; mechanical efficacy, which is achieved through 
pushes, escapes, stops, and drivers (with the last be-
ing a newly developed concept with this brace); ver-
satility and adaptability; teamwork: MDs, CPOs, PTs, 
patient, and family; and compliance; and 2) accept-
ability: body design and minimal visibility; maximum 
freedom in the activities of daily life; assumption of 
responsibility; and a cognitive behavioural approach.

Figure 6.—TLI brace.
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ondary curves. The improvement remained after 
bracing and in a mean follow-up of 1.6 years, as 
long as it was above a threshold of 20%. In 76% of 
the patients, there was control or net correction of IS 
curves. It is stated that the TriaC™ brace significantly 
alters the predicted natural history of AIS.37

American braces

bOsTOn bRace

As the most frequently used scoliosis TLSO in 
North America, the Boston brace was originally 
developed by John Hall, MD, and William Miller, 
CO, at Boston Children’s Hospital in 1972 to treat 
a patient with a lumbar curve who refused to use a 
Milwaukee brace. Their success with using just the 
pelvic girdle on other lumbar curves led them to 
extend the height of the plastic in treating thora-
columbar and thoracic curves, and to replace the 
superstructure with plastic axillary extensions (Fig-
ure 7). Miller and Hall sought to decrease the fab-
rication time involved in creating custom-molded 
braces, and created six prefabricated models based 
on the plaster model obtain during prior fittings for 
Milwuakeee braces. Cost and fabrication time of the 
module were greatly reduced. The lower-profile, 
more cosmetically pleasing design was accepted 
more willingly by patients. Additional module sizes 
and variations were added to address a greater vari-
ety of curve presentations, and the developers of the 
Boston brace began an education program to train 
physicians and orthotists to use this revolutionary 
approach.

The Boston brace is a symmetrical, posterior 
opening design that incorporates apical pads that 
passively load the curves. Opposite of the thoracic 
pad, a window is cut in the orthosis that theoreti-
cally allows room for active truncal shift as well as 
improved ventilation. Like the Milwaukee, the Bos-
ton brace initially incorporated decreased lumbar 
lordosis, which hypothetically allowed for improved 
curve correction. Now, however, the brace typically 
includes 15º of lumbar lordosis in order to reduce 
the tendency to cause hypokyphosis. Unfortunately, 
many posterior-opening TLSOs are referred to as 
a “Boston brace” when, in fact, they are poor im-
itations. The original fitting involves body habitus 
measurement by an orthotist to determine the pre 
fabricated module. However, most braces today are 

of the brace or casting techniques is based on sagit-
tal forces only applied at the thoracolumbar spine. 
Applying the TLI brace in patients with scoliosis after 
forced lordosis at the thoracolumbar spine showed a 
radiological instantaneous reduction in both coronal 
curves of double major scoliosis (Figure 6).

OuTcOmes

The initial in-brace radiographs show a strong re-
duction of the Cobb angles in different curves in ky-
phosis and scoliosis groups (sagittal P<0.001, pelvic 
obliquity P<0.001). After one year of brace treatment 
in the scoliosis and kyphosis group, the measurements 
on radiographs made without brace revealed an im-
provement in all sagittal and coronal measurements.35

TriaC™ brace

Developed by Dr. Albert Gerrit Veldhuizen in the 
Netherlands, “TriaC™” refers to the three Cs: com-
fort, control, and cosmesis.36 The TriaC™ orthosis, 
which has a flexible coupling module connecting 
thoracic and lumbar parts, exerts a transverse force 
system consisting of an anterior progression force 
counteracted by a posterior force and torque, and 
acts on the vertebrae of a scoliotic spine. In the 
frontal plane, the force system in the TriaC™ brace 
is in accordance with the force system of conven-
tional braces. However, in the sagittal plane, the 
force system acts only on the thoracic region. As 
a result, there is no pelvic tilt, which provides flex-
ibility without affecting the correction forces during 
body motion. The introducers suggest that the inclu-
sion criteria are: IS with a Cobb angle between 20° 
and 40° in skeletally immature scoliotics, with Risser 
0–1 status, pre-menarche, post-menarche\1 year, 
in primary thoracic apex between the 7th and 11th 
thoracic vertebra and primary lumbar apex between 
the 2nd and 5th lumbar vertebra, in flexible spinal 
column as evidenced by at least 40% correction on 
bending films. Some other studies suggest that the 
TriaC™ brace represents an alternative exclusively 
for the correction of lumbar curves.

OuTcOmes

An initial 22% correction is reported for the pri-
mary curves within the brace and 35% for the sec-
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the supine x-ray posture). Charlestons are most ef-
fective for single lumbar, thoracic, or thoracolum-
bar curves.

Outcome.—In a study fulfilling the SRS criteria, 
the Charleston brace showed to be effective in sta-
bilizing or improving scoliosis progression in 84%, 
with 16% of progression.39

custom made based on body surface scanning and 
CAD-CAM construction.

Outcome: In one retrospective study about 295 
patients, a comparison of follow-up with pre-brace 
values of major curves showed that 49% were un-
changed, 43% achieved an improvement. Eleven per-
cent of patients underwent surgery during the period 
of bracing; 1% had surgery during follow-up period.38

chaRlesTOn bendIng bRace

As the first centrally fabricated nocturnal brac-
ing system developed by Frederick Reed, MD, and 
Ralph Hooper, CO, in Charleston, South Carolina, 
in 1979, the Charleston bending brace was devel-
oped for a patient who refused to wear a full-time 
brace, and immediately found favor with many 
patients and their parents. Based on concepts de-
rived from the Heuter-Volkmann principle, where-
in asymmetric vertebral loading can effect bone 
growth, the patient was generally molded supine 
in an aggressive, overcorrected, side-bending pos-
ture (Figure 8). The resultant orthosis is asymmetri-
cal with an anterior opening and selective contact 
points, which results in greater in-brace correction 
than most other TLSO designs (also attributable to Figure 8.—Charleston brace.

Figure 7.—Boston brace.
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various throat and occipital pads or molds. Original-
ly, a fixed chin rest was used to apply traction to the 
spine. However, due to mandibular problems and 
discomfort created by the chin rest, it was eventually 
replaced by a non-contact throat mold.

The Milwaukee brace has a symmetrical design 
with a posterior opening, and curve correction may 
consist of both passive and active mechanisms. For 
instance, thoracic or axillary slings apply direct, pas-
sive curve correction, while the throat molds or lat-
eral pads allow for active correction as the patient 
intentionally moves away from these components. 
This method of active muscle correction by the pa-
tient was eventually shown to be fairly ineffective 
in scoliosis treatment, however, it was proven to be 
effective in the treatment of kyphosis.

Originally, the pelvic girdle was fabricated from 
form-fitting leather, but has been replaced by both 
high- and low-temperature thermoplastics, which 
are substantially easier and more cost-effective to 
fabricate. The girdle locks intimately onto the waist 
roll and, historically, lumbar lordosis was reduced in 
the girdle because it was theorized that this allowed 
for maximum scoliosis correction and spine mobility.

Outcomes.—According to Lonstein and Winter, 
22% from a cohort of 1020 treated with a Milwau-

mIlwaukee bRace

A CTLSO initially developed by Walter Blount and 
Albert Schmidt in Milwaukee, Wisconsin, circa 1945, 
the Milwaukee brace was initially used for post-op-
erative immobilization of neuromuscular scoliosis 
patients. Later, the orthosis was thoroughly utilized 
and researched by Drs. Moe, Winter, and Lonstein 
of the Twin Cities group. The development of this 
orthosis represented a landmark in the treatment of 
scoliosis, as it became the first widely used remov-
able orthosis to treat the disorder (Figure 9). Due 
to changing fashion concerns and the psychological 
and emotional impact of wearing a bulky CTLSO, 
the Milwaukee is now limitedly prescribed or worn. 
It is still, however, used to treat Scheuermann’s ky-
phosis and high thoracic curves. Non-compliance 
with the Milwaukee has been high since its incep-
tion due to poor cosmesis.

The Milwaukee typically consists of a pelvic girdle 
(otherwise referred to as a pelvic module or LSO), 
a “superstructure,” and a combination of corrective 
slings and pads that attach to the superstructure. The 
superstructure generally consists of a wide anterior 
aluminum bar, which allows for radiolucency, two 
posterior stainless steel bars, and a neck ring with 

Figure 9.—Milwaukee brace.
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board where the bolsters would be re-adjusted back 
to their predetermined positions. As a result of tech-
nological changes, however, casting is unnecessary 
in most circumstances. Rather, the resultant bolster 
coordinates, in conjunction with other measurements 
and patient information are incorporated into a CAD/
CAM system for orthosis fabrication.

Like the Charleston brace, the Providence has prov-
en most effective in treating patients with flexible, sin-
gle lumbar and thoracolumbar curves; however, it can 
be quite effective with thoracic and double curves.

Outcome.—According to a study fulfilling the SRS 
criteria, the rate of progression with this brace was 
high, with 60% of patients requiring surgery.42

ROsenbeRgeR bRace

The Rosenberger TLSO was one of the early true 
3D designs in North America and has been limitedly 
used in Illinois, Iowa, and Virginia. Although it was 
originally developed by Richard Rosenberger, CO, at 
the University of Virginia in Charlottesville in 1983, 
it was more successfully redesigned and utilized by 
Wilton Bunch, MD, and Tom Gavin, CO, in Chicago, 
IL, in 1986. True pioneers in the development and 
application of spine biomechanics related to brac-
ing, their method involved making a bivalve cast of 
the supine patient while reducing curves with trans-
latory and derotational loads, which were subse-
quently incorporated into the TLSO. The brace is an 
asymmetrical, anterior opening design with selective 
contact and expansion areas and utilizes adjustable 
slings for optimal 3-point pressure system applica-
tion.

Outcomes.—In a group of 71 patients treated with 
the Rosenberger brace, 61% failed (were fused or 
progressed) at the end of treatment.43 The evidence 
from this study is very weak, and it’s main limit is 
the retrospective design

spInecOR bRace

The SpineCor brace is a distinctly unique strap-
based, non-rigid orthosis that relies on patient move-
ment to activate corrective effects. While use by or-
thopaedists has diminished, its popularity has grown 
amongst chiropractors. Developed by Christine Col-
liard, MD, and Charles Rivard, MD, at St. Justine 
Hospital, Montreal, Canada, in 1993, the SpineCor’s 

kee brace had operative intervention; this rate was 
higher in the patients who had a curve of more than 
30 degrees at the time of bracing and in those who 
had a Risser sign of 0 or 1.40 The main problem of 
this brace is compliance, due to its low acceptabil-
ity, and for this reason today is often proposed for 
nighttime only.41

pROvIdence bRace

Developed by Charles d’Amato and Barry McCoy 
of Children’s Hospital of Rhode Island, in 1992, the 
Providence TLSO has surpassed the Charleston in 
frequency of use as a nocturnal bracing system due 
to its less aggressive and generally better tolerated 
design. The Providence incorporates an asymmet-
ric, anterior opening design, with selective contact 
points. Curve correction occurs through direct appli-
cation of derotational and lateral forces, as opposed 
to the side-bending posture seen in the Charleston 
brace (Figure 10).

To fabricate the orthosis, the patient is placed on 
a polycarbonate measurement board that contains a 
series of vertically and horizontally labeled grid holes. 
Several padded bolsters are placed into the grid holes 
and adjusted to produce optimal curve correction and 
spinal realignment. In the past, after the appropriate 
bolster positions were recorded, the patient would be 
wrapped in plaster, and placed back on the acrylic 

Figure 10.—Providence brace.
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wIlmIngTOn bRace

As the brace of choice at the A.I. DuPont/Ne-
mours Children’s Center in Wilmington, Delaware 
(and physicians who trained there), the Wilming-
ton TLSO was developed by Dean MacEwen, MD, 
in 1969. The origins of the Wilmington TLSO trace 
back to a single patient who refused to wear a Mil-
waukee brace or Risser cast and sought a remov-
able brace that could be concealed more easily. The 
underarm design of the Wilmington brace, made of 
orthoplast, not only offered improved cosmesis over 
the Milwaukee, but significantly reduced orthosis 
cost and fabrication time (Figure 12).

The Wilmington TLSO is a thermoplastic brace 
with a total contact, symmetrical design and an an-
terior opening, and was initially indicated to treat 
curves between 25° and 39° with apices at or in-
ferior to T7. To fabricate the Wilmington, the prac-
titioner molds the patient with plaster positioned 
supine on a Risser table. Simultaneously, either a 
series of straps or direct pushes by the practitioner 
reduce the scoliotic curves while the plaster is set-
ting. After the cast has set, an X-ray is taken to de-
termine the amount of curve reduction. If the phy-
sician is satisfied with the X-ray, the mold is filled 

corrective principles differ significantly from tradi-
tional thermoplastic TLSOs since its action is based 
primarily on active corrective movement rather than 
passive force (Figure 11). This active correction at-
tempts to correct spinal alignment by influencing 
postural disorganization, muscular dysfunction, and 
unsynchronized spinal growth.

The SpineCor is comprised of a thermoplastic pel-
vic section, thigh and crotch bands, a cotton bolero, 
and corrective elastic bands. A newer version uses 
spandex bike shorts for improved comfort. Adjust-
ment to placement and tension of the bands is based 
on patient curve presentation. While originally pre-
scribed by orthopedists and fitted by orthotists, poor 
initial response led to abandonment by most pre-
scribers. Largely due to its ease of application and 
adjustment and patient acceptance, chiropractors 
now fit most SpineCor braces in North America.

Outcomes.—While this orthosis is reportedly well-
tolerated and cosmetically acceptable, its efficacy for 
larger curves has been called into question. Never-
theless, in moderate curves, it showed to be effec-
tive. In a study respecting the SRS criteria, the Spi-
necor stabilized or improved 64% of patients, with 
only 18% of patients requiring surgery.44

Figure 11.—SpineCor brace.
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Plaster/fiberglass casting

Cotrel and Risser introduced the use of a cast-
ing frame, in which the patient is supine and under 
traction while corrective forces are applied to ob-
tain a corrected model of the patient. Vertical frame, 
or bivalve casting, techniques were developed for 
clinics without access to a horizontal frame. After 
the model preparation, the plaster model is hand-
modified and custom-TLSO-fabricated according to 
brace type.

Hand measurements

After noting that many plaster models appeared 
to be the same shape and size, Miller and Hall 
decided to try taking measurements in order to 
obtain a pre-fabricated symmetrical model. In the 
1970s, Miller and Hall introduced a pre-fabricat-
ed symmetrical TLSO after taking circumferential, 
width (medial lateral), and depth (anterior poste-
rior) measurements at specific landmarks and cre-
ating a symmetrical shape that provides corrective 
forces, supplemented by custom pads that were 
added according to brace principles. For the mod-
el preparation, an X-ray is required for brace de-
sign, and the orthosis is customized according to 
the blueprint.

with plaster and the resultant positive mold modi-
fied. Thermoplastic is then molded directly over the 
positive mold and, after fitting the brace, the patient 
is X-rayed again.

Outcome.—According to a retrospective study, 
in a group of 91 patients, the progression rate was 
17%, while the remaining population was stable.45

Brace fabrication techniques 
and monitoring devices

Brace fabrication techniques have evolved, but 
the goals remain the same: a low-profile design that 
is tolerable and provides maximum curve reduction. 
Orthotists will utilize different fabrication methods 
within the same clinic, depending on the patient’s 
abilities and presentation. The best method provides 
the model that allows the orthotist to fabricate the 
most appropriate orthosis.

Capturing the shape of the patient

Although there are different ways to capture the 
shape of the patient, care and skill are required 
throughout the fabrication process to ensure a well-
designed and -fitting orthosis.

Figure 12.—Wilmington brace.
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Future of fabrication with CAD/CAM

Software is currently being developed that will al-
low the orthotist to simulate a brace fitting prior to 
fabrication. Scans and X-rays will be imported as 
described previously, and a virtual patient will be 
created by the software. The orthotist will have the 
option of modifying a model or allowing the com-
puter to create the most effective design to reduce 
the curve. Either way, a simulator will allow the vir-
tual brace to be fitted on the virtual patient to test 
the results. The design can be adjusted to improve 
results prior to fitting the patient.

Fabrication material

Plastics are available in various thicknesses and 
rigidity, and a thinner, more rigid plastic may be 
selected over a thicker, more flexible plastic for 
cosmetic reasons. However, care must be taken to 
ensure the plastic is strong enough not to deform 
or fatigue over time. Reinforcements are sometimes 
added in areas where the forces on the spine are 
greatest.

Adjustments after fitting

Review of the in-brace X-ray is commonly ac-
cepted as a means to evaluate the patient’s response 
as well as brace construction. Making accurate and 
effective adjustments during the first fitting maxi-
mizes the brace’s effectiveness. One method of X-
ray analysis, termed “the blueprint”, which was first 
discussed by Watts and updated by Emans, provided 
orthotists with step-by-step procedures regarding X-
ray analysis and brace fabrication. After the initial 
fitting, in brace X-ray provides indication about the 
correcttion, pads to be added and balance. More re-
cently, Rigo detailed a bracing classification system 
based on X-ray analysis.

In-house fabrication – Central fabrication facilities

Many facilities have their own lab in which they 
fabricate the orthosis from start to finish. These can 
be internal or external to the facility, but the key ele-
ments are strong relationships and teamwork.

Other faculties use specialized fabrication facilities 
called central fabrication. The extent of fabrication de-
pends on the orthotist and the capabilities of the lab. 

Scanning and computer-aided design/computer-
aided manufacturing (CAD/CAM)

CAD/CAM technology allows the orthotist to ascer-
tain the individual shape of the patient in less time 
than casting and maintains an electronic copy of the 
patient’s size and shape. Techniques, similar to those 
used for casting, are employed. Scanners can be sta-
tionary or handheld, laser (class 1 or 2), or white 
light. Commercially available stationary scanners are 
manufactured by Capturor, Creaform Inc., and Orten. 
Stationary scanners require more square footage and 
are limited in the scope of patients they can scan ef-
fectively because they are not portable. Commercially 
available handheld laser scanners include the O&P 
Scan from Rodin, which is a single camera, class one 
laser scanner; and the BioScanner from Biosculpture, 
which is a dual camera, class two laser scanner. Com-
mercially available handheld white light scanners 
include the MD4 scanner (Rodin) and EVA scanner 
(Artec). Handheld scanners are able to capture most 
torso/body segment contours and are portable. The 
white light scanners are less expensive than laser 
scanners, but require more frequent calibration.

For the model preparation via CAD/CAM soft-
ware, the scanner acts as a digital camera by cap-
turing an image. To modify or manipulate that im-
age, it is uploaded into CAD software like a photo 
would be uploaded to a program like Photoshop. 
Several manufacturers (e.g., Rodin4D, Biosculpture, 
Vorum, and Orten) sell software programs that al-
low for image elaboration and are unique to the or-
thotic and prosthetic profession, but are not specific 
to scoliosis. The image is then uploaded into the 
CAD software and modified according to specific 
bracing strategies. The X-ray and/or the 3D skeleton 
can be imported into the captured shape, and the 
model can be balanced for systems based on sym-
metry or shifted for asymmetrical protocols. Pads or 
pushes can be built into the CAD model, much like 
they would be for the hand-modified models. Time 
lines can be drawn and the finished brace shape 
reviewed.

Once the model is modified, the file is sent to a 
carver to have the positive model created. Plastic is 
then vacuum formed over the foam model, trimmed, 
smoothed, and ready for the initial fitting. The cost 
for this technology is US$ 15,000-40,000, depending 
on the type of scanner, accessories (e.g., updated 
laptops), type of software, and licensing fees.
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The output report needs to be clinically relevant 
and in a format that resonates with the patients and 
families. Downloads need to be seamless and quick 
so that the clinic can run smoothly. Donzelli et al. 
showed referred compliance to be very similar to 
real one, with an average of more than 20 h per 
day.46 This is a key point since a significant positive 
association between hours of brace wear and rate of 
treatment success has been demontsrated thanks to 
brace monitors.2

Experience with monitoring brace wear helps or-
thotists learn the type of reports patients and families 
need to assist in improving and maintaining compli-
ance. Future studies should be required to report 
compliance in order to formulate conclusions.

Conclusions

Bracing has proven efficacy in reducing the need 
for surgery in IS patients, and it decreases the aes-
thetic impact of deformity. Many different kind of 
braces are available worldwide, and different tech-
niques exist to build them properly. The SOSORT 
guidelines about brace management are useful to 
ensure patients are treated by trained doctors and 
orthotists. The role of exercises as possible adjunc-
tive treatment to increase efficacy of bracing has 
been suggested and is under scrutiny.47-52 The pos-The pos-
sibility of monitoring actual compliance through the 
use of thermal sensors is a real revolution in the 
field that will greatly help experts and, thereby, pa-
tients.
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Some central fabrication facilities specialize in spinal 
brace fabrication; however, most offer a wide range 
of fabrication capabilities. Central fabrication facilities 
specializing in scoliosis orthoses are Boston Brace, 
Spinal Technologies, Rodin4d, and SpineCorporation.

Regardless of where the orthosis is fabricated, the 
treating orthotist is responsible for the shape cap-
ture, design, fitting, and follow-up adjustments.

Monitors

Brace compliance has always been a challenge, 
and lower profile, lighter weight orthoses have been 
developed in the hopes of improving compliance. In 
a recent study showing the importance of compli-
ance to bracing success, Negrini provided a model of 
implementing monitors in the clinical setting. Moni-
tors eliminate the need to estimate wear by parents/
patients and to become aware of habits leading to 
poor compliance. It is important to make sure the 
patient understands that the monitor is there to help 
determine if they are having difficulty adhering to 
the wear schedule so it can be addressed. By iden-
tifying the barriers, the team can develop successful 
strategies.

Manufacturers of commercially available thermal 
sensors include Tidbit, iButton, Cricket, and Micro-
sensor. The Tidbit and iButton, which are used in 
various industries and are a volume product, which 
keeps their cost relatively low, use a single ther-
mometer, meaning only the internal temperature of 
the brace is recorded. The Cricket, which was de-
veloped specifically for monitoring brace wear, has 
two thermometers for recording both the internal 
and ambient temperatures. Costs range from US$ 
50-160 for monitors, and from US$ 40-2600 for read-
ers.

Commonly, thermal sensor features have the abil-
ity to set the frequency of reads, use an internal 
non-rechargeable battery, and require a reader to 
download the data and software to interpret the 
downloaded data into a clinically relevant report.

The ISICO group has developed an algorithm that 
is available online at no cost.46 Practitioners log in 
and copy the raw data into their program and the 
results are provided in a report showing average 
hours worn and average hours worn per day and 
by month. The Cricket data downloads into an Ex-
cel sheet, showing average hours worn and what 
hours during the 24-hour cycle the brace is worn. 
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