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Abstract

Background: The reported incidence of scoliosis in arthrogryposis varies from 30% to 67% and, in most cases, the
curves progress rapidly and become stiff from early age.
The authors report six cases of scoliosis in arthrogryposis to assess the role of surgical treatment.

Methods: Six cases (3 males, 3 females; mean age at surgery 13.2 years) with arthrogryposis multiplex congenita
associated with the characteristic amyoplasia were reviewed: they were operated on for scoliosis at the authors’
Spine Surgery Department between 1987 and 2008.
Surgery was performed using the Harrington-Luque instrumentation (2 cases), the Luque system (1), a hybrid
segmental technique with hooks and screws (1) and spinal anchoring with pedicle screws (2).

Results: The patients were clinically and radiologically reviewed at a mean follow-up of 4.2 years, ± 2.7 (range, 1 to
9 years). Three minor postoperative complications were encountered; a long-term pulmonary complication was
seen in one case after reintervention and was successfully resolved after 10 days. Surgery was successful in the
other 5 cases, where solid arthrodesis was achieved and no significant curve progression was observed at follow-
up.

Conclusions: The experience acquired with the present case series leads the authors to assert that prompt action
should be taken when treating such aggressive forms of scoliosis. In case of mild spinal deformities in
arthrogryposis, brace treatment should be attempted, the evolution of the curves being unpredictable; however,
when the curve exceeds 40° and presents with marked hyperkyphosis, hyperlordosis or pelvic obliquity, surgery
should not be delayed.

Introduction
The term “arthrogryposis” was first used by Stern early
in 1923 [1] to define the characteristic clinical appear-
ance of three children affected with multiple congenital
contractures (MCC) that produced symmetrical motion
limitation of proximal and distal joints. The syndrome
was first described by Otto in 1841, under the term
“congenital myodystrophy”. In 1982 Hall et al intro-
duced the term “amyoplasia”, which describes the most
common type of arthrogryposis, characterized by quadri-
melic involvement and replacement of skeletal muscle
by dense fibrous tissue and fat [2]. At present at least
nine different types of amyoplasia are recognized.

Nowadays the term arthrogryposis is commonly used as
a generic expression to describe the typical clinical
appearance of children with congenital non progressive
MCCs; however, it does not define a specific pathologi-
cal entity, since it represents the phenotypical manifesta-
tion of more than 150 distinct entities [3], such as
myelomeningocele, Larsen syndrome, multiple ptery-
gium syndrome (Escobar syndrome), Freeman-Sheldon
syndrome (whistling face syndrome), Beals contractural
arachnodactyly, sacral agenesis, diastrophic dysplasia,
metatropic dysplasia, thrombocytopenia-absent radius
(TAR) syndrome, Steinert myotonic dystrophy, spinal
muscular atrophy, congenital muscular dystrophy and
Moebius syndrome. Various different efforts have been
made in order to examine the various different etio-
pathological causes underlying the development of con-
genital MCCs and several subgroups have now been
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identified on a genetic basis [2,4,5]; the terminology
defining the concept of arthrogryposis, however, is con-
stantly being revised because of the constantly increas-
ing knowledge on its developmental features.
Arthrogryposis occurs in approximately 1 in every

3000 newborns, caused by sporadic gene mutation or
following a Mendelian pattern of inheritance (autosomal
dominant, autosomal recessive or X - linked) [6,7]. Clin-
ical manifestations of arthrogryposis include deforming
joint contractures; in most cases (84%) both upper and
lower limbs are involved, although only upper (5%) or
lower (11%) limbs can be affected [8].
The reported incidence of scoliosis varies from 30% to

67%. Only a few studies in the literature have described
spine deformities, as well as treatment options and
results, in patients with arthrogryposis multiplex conge-
nita [9-16]. In most cases, the curves tend to progress
rapidly and become stiff from early age.
The present paper reports the results obtained in the

surgical treatment of scoliosis in 6 children with arthro-
gryposis multiplex congenita, who have been treated at
the authors’ Division over the last 3 decades.

Materials and methods
Six patients (3 males, 3 females) with arthrogryposis,
who underwent major surgery for scoliotic curves at the
authors’ Division between December 1987 and May
2008 were reviewed. Mean age at first surgery was 13.1
years (range, 8 to 18 yrs); mean BMI was 19.9 (range, 15
to 29). Patients were clinically and radiologically
reviewed at a mean follow-up of 4 years and 10 months
(range, 1 to 11 yrs). In all cases the deformity pro-
gressed rapidly and by early adolescence it was already
severe and stiff. The curve patterns were the following:
a single large thoracolumbar curve in 4 cases (3 right
convex, 1 left convex) and, in the remaining 2, a large

thoracolumbar structured primary curve associated with
a mild non-structured secondary (compensatory) curve
(1 proximal thoracic and 1 distal lumbar). The preopera-
tive mean Cobb angles of primary and compensatory
curves was 85° (range, 42° to 111°) and less than 30°
(17° in one case, 28° in the other), respectively. Hyperky-
phosis was observed in 2 cases (74° and 73°); lumbar
lordosis exceeded normal values in 5 cases; severe
hyperlordosis was seen in 2 patients (103° and 82°)
(Table 1). At the time of surgery, mean skeletal maturity
according to Risser sign was 2.8 (range, 0 to 5): this
finding, associated with the above mentioned radio-
graphic data, confirms the rapid progression of the
deformity right from early age.
A mild intellectual deficit was found only in 1 case,

while the remaining children performed age-related
intellectual and social activities, and attended classes as
per their chronological age.
Lower limb deformities were observed in all of the

patients who underwent at least one operating proce-
dure for bilateral clubfoot in early pediatric age. Bilateral
elbow tenolysis was performed in 2 subjects, bilateral
knee arthromyolysis for non - traumatic subdislocation
in 1 and surgery for bilateral hip non - traumatic subdi-
slocation and palatoschisis in 1. All of the children
except one could walk indoors and outdoors. One child
had received Growth Hormone treatment since pediatric
age. Spirometric evaluation revealed a severely restrictive
pulmonary deficit in 3 cases and normal values in one:
the first two patients had been treated in the early 80s
and their lung capacity had not been instrumentally
assessed; however, the clinical records from the authors’
medical archive revealed decreased respiratory capacity.
After surgery, all of the patients were admitted to the

ICU for careful monitoring of their conditions and pain
therapy under anesthesiology.

Table 1 Preoperative values; radiographic postoperative and follow-up values in the same column

Patient PREOP
primary
curve

PREOP
secondary

curve
(where
present)

PREOP
lumbar
lordosis

PREOP
thoracic
kyphosis

PREOP
pelvic

obliquity

POSTOP
primary

curve - FU
primary
curve

POSTOP
secondary
curve - FU
secondary

curve

POSTOP
lumbar

lordosis - FU
lumbar
lordosis

POSTOP
thoracic

kyphosis - FU
thoracic
kyphosis

POSTOP
pelvic

obliquity -
FU pelvic
obliquity

Case 1
9 yr FU

70° - 103° 49° 9° 23° - 30° - 59° - 76° 20° - 36° 3° - 3°

Case 2
6 yr FU

111° - 56° 49° 28° 84° - 89° - 37° - 38° 19° - 19° 19° - 22°

Case 3
3 yr FU

42° 17° 31° 21° 31° 26° - 31° 13° - 19° 31° - 31° 29° - 25° 11° - 19°

Case 4
4 yr FU

88° 28° 46° 50° 0° 79° - 96° 25° - 35° 34° - 40° 38° - 41° 6° - 6°

Case 5
2 yr FU

100° - 82° 73° 18° 65°-69° - 61°-63° 39°-45° 8° - 6°

Case 6
1 yr FU

99° - 55° 74° 11° 82° - 85° - 52° - 54° 60° - 60° 7° - 6°
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Full-time brace was applied for at least 2 years before
surgery in all of the cases, though with little impact on
curve progression.

Presentation of cases
Case 1 (female, born in 1973). The first patient trea-
ted at the authors’ Division had multiple distal con-
genital contractures with a progressive, right convex,
thoracolumbar scoliosis. She had already undergone
4 operations for bilateral clubfoot deformity before
the age of 4; she could walk only in domestic envir-
onment and the clinical history showed compro-
mised respiratory capacity. At the age of 1, the
radiographic evaluation of the spine had shown a 20°
right convex scoliotic curve with mild lumbar hyper-
lordosis and pelvic obliquity of 5°; no congenital ver-
tebral anomalies had been seen. By the age of 14
and with a Risser index of 4, despite the full-time
brace, scoliosis had evolved rapidly into a structured
and stiff deformity with a Cobb angle of 70° and
multiple vertebral fusions near the curve’s apex: she
presented severe lumbar hyperlordosis of 103°, thor-
acic kyphosis of 49° and pelvic obliquity had
increased to 9° (Figure 1A and 1B). In 1987, at the
age of 14, a spinal arthrodesis was performed from

T4 to L4 according to the Harrington-Luque techni-
que. Postoperatively, the Cobb angle was 27°, lumbar
lordosis 59°, pelvic obliquity 3° and thoracic kyphosis
20°. During surgery no complications were encoun-
tered; blood transfusion was performed in the
immediate perioperative period. A cast orthosis was
applied for the subsequent 6 months followed by a
full-time treatment with Lyonnaise brace for 1 year.
The patient was clinically reviewed for 9 years after
surgery. At follow-up, no long-term complications
were observed, correction was stable and, at the age
of 23, the above mentioned values were practically
unchanged (Figure 2A and 2B). Although the walk-
ing capacity had remained the same, the patient
referred a significant improvement in the physical
and emotional state, with a satisfactory quality of life
both indoors and outdoors.
Case 2 (female, born in 1976, patient with congeni-
tal arthrogryposis). Three months after her birth,
x-ray examination of the spine had shown a very
mild right convex thoracolumbar scoliotic deviation,
which had developed into a curve of 27° with pelvic
obliquity of 9° by the age of 6. Full-time brace treat-
ment since the age of 6 had failed to control the
progression of the deformity, since the following

Figure 1 (A, B), Case 1: Spine radiographs at the age of 1 year and 14 years, respectively.
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radiographic values were observed at the age of 15: a
stiff structured 111° thoracolumbar scoliosis, 56°
lumbar lordosis, 47° thoracic kyphosis, pelvic obli-
quity of 28° and a grade 3 skeletal maturity accord-
ing to Risser (Figure 3A and 3B). By the age of 9,
she had already undergone surgery twice for bilateral
clubfoot congenital deformity and once for bilateral
elbow tenolysis. Preoperatively BMI was 15, a severe
respiratory deficit was observed and the patient
could walk to a limited extent outdoors. Spinal
arthrodesis with Luque instrumentation from T2 to
L4 was performed at the age of 15, in 1991. Post-
operatively, the Cobb angle was 84°, lumbar lordosis
37°, thoracic kyphosis 19° and pelvic obliquity
decreased to 19°. A cast orthosis was then applied
for 6 months, followed by a CLB brace for 2 years.
At a 6-year follow-up, correction was stable and no
complications were seen (Figure 4A and 4B).
Case 3 (female, born 1980). She had undergone her
first clinical and radiographic evaluation at the
authors’ division at the age of 12, presenting a

structured large right convex thoracolumbar scoliosis
of 42° with a secondary non-structured left convex
thoracic curve of 17, lumbar lordosis of 31°, a thor-
acic kyphosis of 21° and a significant pelvic obliquity
of 31°. Until then, she had never been treated by
orthopedic brace. By the age of 4, she had already
undergone surgery 4 times for bilateral clubfoot
deformity and could not walk. Preoperatively, BMI
was 16.5 and the Risser sign 3. In 1992, at the age of
12 and after wearing a Risser cast for 30 days, she
underwent posterior spinal T3-L5 arthrodesis with
Galveston-Luque instrumentation. During the first
3 days after surgery, an urticarioid reaction of
unknown cause was observed, associated with hyper-
piressia, periorbital edema and tachycardia, which
resolved after specific pharmacological treatment.
Before hospital discharge, a cast orthosis was applied
for 5 months, followed by a 2-year period with a
bivalve brace. Postoperative radiographs showed the
primary thoracolumbar curve had decreased to 26°
and pelvic obliquity to 11°, whereas both lumbar

Figure 2 (A, B), Case 1: Spine radiographs at a 9-year follow-up; anteroposterior (A) and laterolateral (B) view.
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lordosis and thoracic kyphosis had remained within
physiological limits (31° and 29°, respectively). The
secondary thoracic curve was equal to 13°. After a 3-
year period, at the age of 15, the above mentioned
values were still unchanged, except for the pelvic
obliquity, which had increased to 19°. No long-term
complications were observed, as well as no changes
in the walking capacity throughout the years.
Case 4 (male, born in 1990, patient with arthrogry-
posis). In pediatric age, he had received surgical
treatment twice for bilateral clubfoot deformity and
once for bilateral elbow tenolysis. The radiographic
picture during pediatric growth had shown a rapid
evolution of spinal deformity. He was admitted to
the authors’ division at the age of 8, when he pre-
sented with a large right convex thoracic curve of
88°, a left convex lumbar curve of 28°, lumbar lordo-
sis of 46°, thoracic kyphosis of 50° and a well
balanced pelvic obliquity (Figure 5A and 5B). Spiro-
metric evaluation showed a severely restrictive

respiratory deficit (FVC 32% and FEV1 35%). The
patient had received no brace treatment before and
a cast orthosis was applied for 7 months before sur-
gery. At the age of 8, on account of the young age
and the juvenile skeletal growth (Risser sign still 0),
a combined single-stage surgery was performed, first
by anterior approach for release from T4 to T8 and
then by posterior approach from T3 to L2, instru-
menting the patient with a single growing rod. No
short-term complications were observed. Postopera-
tive radiographic values did not significantly differ
from the preoperative ones (thoracolumbar curve
79°, lumbar curve 25°, lumbar lordosis 31°, thoracic
kyphosis 31°) (Figure 6A and 6B). After surgery, a
cast orthosis was applied for 5 months, followed by
a bivalve brace for the next 2 years. No complica-
tions were registered during this period. After two
years, in 2000, at the age of 10, the patient under-
went surgery for distal lengthening of the instrumen-
tation and replacement of a dislodged distal hook.

Figure 3 (A, B), Case 2: Spine radiographs at the age of 15; anteroposterior (A) and laterolateral (B) view.
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The radiographic picture at that time showed pro-
gression of the deformity (thoracic curve 96°, lumbar
curve 25°, pelvic obliquity 11°). In 2002, at the age of
12, following hook dislodgment, the patient under-
went a third surgery to remove the single bar and
have it replaced with the dual rod system with proxi-
mal hooks and distal L2 screws; arthrodesis was per-
formed with fresh-frozen banked bone. The
deformity values were partially corrected as follows:
thoracic curve 79°, lumbar curve 25° and pelvic obli-
quity 6° (Figure 7). In the immediate postoperative,
pulmonary complications occurred with lung atelec-
tasis, cough with haemoptysis and severe dyspnea:
prompt treatment in ICU led to complete resolution
of symptoms in 10 days. The patient considered his
quality of life to be good after a 4-year clinical and
radiographic follow-up period, and he could main-
tain his walking capacity in community.

Case 5 (male, born in 1995, patient with congenital
multiple arthrogryposis). In pediatric age he had
been operated on twice for congenital clubfoot
deformity according to the Codivilla technique and
twice for non - traumatic bilateral knee dislocation.
At the age of 9, the radiographic evaluation of the
spine showed a stiff and structured large thoraco-
lumbar curve of 84° with pelvic obliquity of 5°, while
the Risser sign was still 0. Despite the full-time
brace treatment since the age of 10, the deformity
continued to progress until reaching the following
values at the age of 12: thoracolumbar curve with
Cobb angle of 100°, pelvic inclination 18°, lumbar
lordosis 82° and thoracic kyphosis 73°, with a Risser
sign of 1 (Figure 8A, B, C and 8D). The patient was
of low stature and overweight with a BMI of 29.5; in
addition, a notable restrictive pulmonary deficit was
observed and confirmed by the patient’s lung

Figure 4 (A, B), Case 2: Spine radiographs at a 6-year follow-up; anteroposterior (A) and laterolateral (B) view.
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capacity (FVC = 54%; FEV1 = 65%). In 2007, poster-
ior instrumented arthrodesis was performed from T4
to L2 using only pedicle screws and achieving a par-
tial correction of the deformity values (thoracolum-
bar curve 65°, pelvic obliquity 8°, lumbar lordosis 61°
and thoracic kyphosis 38°) (Figure 9A and 9B).
A Lyonnaise brace was applied for 2 months after
surgery. At a 2-year follow-up, no long term compli-
cations were observed; radiographs revealed a solid
fusion and no sign of mobilization; the young boy
maintained his walking capacity in community (Fig-
ure 9C and 9D).
Case 6 (male, born in 1990, patient with spinal defor-
mity in congenital multiple arthrogryposis). In pedia-
tric age, he had undergone 5 surgical operations for
congenital clubfoot deformity, 2 for bilateral non-trau-
matic hip dislocation and 1 for palatoschisis. For sev-
eral years he had also been administered growth
hormone. The pulmonary evaluation revealed a
restrictive deficit with FVC = 76% and FEV1 = 67%.
He was clinically and radiologically evaluated for the
first time by the authors’ team at the age of 14. No
brace had ever been applied and the scoliotic thoraco-
lumbar right convex deformity had reached a Cobb

angle of 55° and pelvic obliquity of 3°. By the age of 18,
while the Risser sign was 5, the deformity had become
stiff and structured with a scoliotic angle equal to 99°,
pelvic obliquity 11°, lumbar lordosis 55° and thoracic
kyphosis 74°. The subject was also affected with the
Dandy-Walker syndrome, as confirmed by the brain
NMRI which highlighted a cystic formation at poster-
ior cerebellar level (Figure 10). Before undergoing
spine surgery, a dynamic X-Ray evaluation of the cervi-
cal spine was performed and showed no sign of cervi-
cal instability. Preoperative medullary angiography was
also carried out to identify the Adamkiewicz artery. In
2008, at the age of 18, the patient underwent posterior
instrumented arthrodesis from T2 to L3 using only
pedicle screws. Postoperative values were the follow-
ing: thoracolumbar scoliotic curve 82°, pelvic obliquity
7°, lumbar lordosis 52° and thoracic kyphosis 60°. No
short-term complications were registered. At present,
after a 1-year follow-up, the patient’s quality of life has
improved since he maintains his outdoor walking
capacity.

Pre- and postoperative radiographic values are
reported in Table 1.

Figure 5 (A, B), Case 4: Spine radiographs at the age of 8, anteroposterior (A) and laterolateral (B) view.
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Results
Five patients underwent one-stage spinal surgery con-
sisting of posterior instrumented arthrodesis. Revision
surgery was necessary in 1 patient. Mean operative time
was 4 hours (range, 3 to 6), mean intraoperative blood
loss was 900 ml (range, 500 to 1500) and mean hospital
stay was 10 days (range, 8 to 11). Three minor post-
operative complications were encountered, due to intra-
and perioperative blood loss as proved by the decrease
of the hemoglobin values to below 7.2: they were all
successfully treated with adequate blood transfusions.
A short-term (3 days after surgery) minor complication
was observed in one patient who showed an urticarioid
reaction with hyperpiressia, periorbital edema and tachy-
cardia from unidentified cause: prompt and adequate
pharmacological antihistaminic therapy led to complete
resolution of symptoms. A long-term complication was
seen only in one case, C.A., no. 4: the patient had
undergone combined single-stage surgery (anterior
release and posterior growing rod) at the age of 8 in

1998, he had experienced a distal hook dislodgement
after 2 years and had been re-operated on for caudal
lengthening of the instrumentation in 2000. At the age
of 12, following hook dislodgement, the patient under-
went surgery to remove the single bar and have it
replaced with the dual rod system; arthrodesis was per-
formed with fresh-frozen banked bone. In the immedi-
ate postoperative, pulmonary complications occurred
with lung atelectasis, cough with haemoptysis and severe
dyspnea: prompt treatment in ICU led to complete reso-
lution of symptoms in 10 days.
Of all the 6 patients, he was the only one who pre-

sented a long-term and a major short-term complica-
tion. Moreover, the deformity progressed only in his
case, on account of the instrumentation removal and
subsequent lack of vertebral fusion.
On the whole, 4 cases out of 6 presented no long-

term complications, the sixth case having a too short
follow-up to be considered, although it is very successful
after the first year.

Figure 6 (A, B), Case 4: Postoperative radiographs, anteroposterior (A) and laterolateral (B) view.
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Spine surgery was, however, successful in the other
5 cases, where solid arthrodesis was achieved and no
significant curve progression was observed at follow-up.
The characteristic rigidity of the deformity did not allow
for impressive corrections of the structured curves,
except for 2 cases where the postoperative Cobb angle
was reduced by 43° and 35°, respectively. Lumbar lordo-
sis and pelvic obliquity were also partially corrected
(Table 1). On the whole, these 5 patients reported an
improvement in their quality of life after surgery.

Discussion
Scoliosis in arthrogryposis multiplex congenita is
detected within the first year of life, tends to provide
resistance to brace treatment and, in most cases, rapidly
progresses. This type of spinal deformity often involves
pelvic obliquity and lumbar hyperlordosis which, in
association with the syndrome-related alterations, bring
about a global compromise of the trunk postural align-
ment and subsequently deteriorate life quality.

Only a few articles in the literature have described the
surgical treatment of scoliosis in arthrogryposis multi-
plex congenita and the number of patients reviewed is
also relatively small [9-16]. Scoliosis can be present at
birth or develop during early pediatric age. The experi-
ence acquired and the literature available lead the pre-
sent authors to assert that early brace treatment for

Figure 7 Case 4: Spine radiographs at a 4-year follow-up after
inserting the new Dual Rod instrumentation; anteroposterior
view.

Figure 8 (A, B, C, D), Case 5: preoperative, radiographic and
clinical pictures.
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spinal deformity in arthrogryposis multiplex congenita is
often neglected, although its importance is well known.
In some cases, however, progression of deformity does
not respond to conservative treatment.
Siebold reviewed 5 patients operated on for scoliosis

in arthrogryposis and stated that the Milwaukee brace
treatment can be useful if started early and followed
properly, although results are not always guaranteed.
Siebold asserted that spinal fusion is effective in main-
taining correction ad preventing curve progression, as
further confirmed by the current authors’ findings.
Drummond and Mackenzie reported a 28% incidence

of scoliosis in a group of 50 patients with arthrogryposis,

and described scoliosis and arthrogryphotic deformities
involving the lower limbs as disabling. The incidence of
congenital scoliosis in their cohort was high, although
this finding has not been reported elsewhere: they did
not find a single curve pattern to be typical of arthro-
gryposis, but the majority of patients had either conge-
nital scoliosis or the long “C” curve typical of
neuromuscular scoliosis. In the present series no conge-
nital vertebral anomalies were encountered and the
most frequent curve pattern was the “C” neuromuscular
type, involving most of the thoracic and lumbar column,
and observed in 5 out of 6 cases. One patient had a left
convex thoracic curve also affecting the first 2 lumbar
segments and a low lumbar right convex curve with a
less severe rotation.
Herron reviewed 18 patients with scoliosis out of a

group of 88 subjects with arthrogryposis. Most of the
curves were progressive and became stiff and structured
at an early age; progression of the pelvic obliquity coin-
cided with progression of the curve; conservative treat-
ment was ineffective, as curve progression was seen
even in children who had been treated with a Milwau-
kee brace for a mean of 7 years; mean curve progression
rate was 5 degrees per year, a rate very similar to that
observed during the untreated period of these patients.
In the authors’ experience, hip surgery did not seem to
influence deterioration in pelvic obliquity and scoliosis,
and curve correction rates after spinal surgery were dis-
appointing due to the rigidity of the deformity, as

Figure 9 (A, B, C, D), Case 5: Postoperative radiographs,
anteroposterior (A) and laterolateral (B) view and clinical
picture at a 2-year follow-up (C and D).

Figure 10 Case 6: Brain NMRI which highlighted a cystic
formation at posterior cerebellar level (Dandy-Walker
syndrome).
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confirmed by the findings of the present paper. Herron
also suggested prompt and early aggressive spinal sur-
gery when detecting progressive scoliosis in arthrogrypo-
sis and advised against temporizing, conservative
measures.
Finally, in his series of 46 patients with arthrogryposis

Yingsakmongkol found a 65.9% incidence of scoliosis,
which is much higher than the data previously reported.
In the present series, the radiographic spinal pictures

of early age were available only in 3 out of 6 patients
and revealed the presence of the scoliotic deformity
associated with arthrogryposis since the first months of
life, before the age of 1, as highlighted in the literature.
During pediatric age, the Cobb angle and the other
deformity indexes often progress into a stiff and exten-
sive deformity. The main reason for changing the tech-
nique of surgery was the time period of 21 years, the
case series refers to.
Brace treatment remains controversial as spine defor-

mities in arthrogryposis tend to resist brace treatment
and progress rapidly in most cases. Nonetheless, the
present authors firmly believe that full-time brace treat-
ment should always be attempted since early age and in
all patients, since there are no verified criteria to predict
curve progression and response to conservative
treatment.
The authors’ experience and the scientific evidence of

the aggressive evolution of this deformity suggest that in
case of brace treatment failure, prompt surgery should
be considered, to avoid further perpetuation of the
deformity with subsequent remarkable functional dis-
ability and poor health.
Spinal instrumented arthrodesis has proved to be cap-

able of delaying progression of the deformity with satis-
factory results over time. The evolution of surgical
procedures, modern spinal instrumentation with pedicle
screws and advanced anesthesia techniques enable sig-
nificant corrections of spinal deformities to be achieved.
New spinal implants and lengthening techniques with-
out arthrodesis should be taken into consideration when
deciding to perform surgery at an early age, in order to
prevent the deformity from becoming irreversibly stiff.
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