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Background. Brace treatment is frequently used in adolescent idiopathic scoliosis (AIS). However, due to different
brace models, long-term results on spinal deformity development at the end of Chéneau brace treatment are not often
described and differ in results.

Aim. The aim of this work was to analyze clinical and radiological data of AIS patients treated with Chéneau braces
from the beginning of treatment until the end of growth and brace therapy in order to define realistic treatment results
and expectations in an everyday setting.

Materials and methods. 52 AIS patients with Chéneau brace treatment were followed from the beginning of treatment
until the end of growth. Clinical data such as the initial Risser sign, age at treatment, gender, curve patterns and body
mass index were analyzed.

Results. At the beginning of brace therapy, the average age was 13.1 years and patients showed a mean scoliotic curve
angle of 30.9°. Four months of brace use reduced the scoliotic curve to 20.1°. Nine months after the end of brace treat-
ment and an average treatment duration of 17 months, scoliosis has increased up to 30.3° again. In children with a lower
maturity status, the initial scoliotic curve was less than in more mature patients leading to less spinal deformity at the end
of treatment. In addition, obese children had less scoliosis correction during brace therapy than normalweight children.
Conclusion. In patients with AIS treated with a Chéneau brace, the initial curvature correction was 35%. Nine months after
the end of brace treatment, scoliotic curves identical to the deformities at the beginning of treatment could be observed.
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AEOOPMALUNA MO3BOHOYHUKA TP IOHOLWECKOM
MANONATUHECKOM CKOAUO3E B KOHLE AEMEHNA
C NMOMOWbIO KOPCETA IHEHO
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O6ocHoBanme. IIpy jedeHNN IOHOIIECKOTO MAMOIATMYECKOrO CKOMMO3a YaCTO Ha3HA4aloT HollleHue Kopcera. Cyue-
CTBYIOT pasnuuHble Mofenu Kopcera Illeno. Omy611MKOBaHHBIX JaHHBIX 00 OTJa/IEHHBIX pe3y/IbTaTax JedeHus nedop-
Mallyy [IO3BOHOYHMKA C NMOMOLIbI0 KopceTa IlleHo Maso, Mpy 3TOM pe3y/nbTaThl PA3INYAIOTCA.

IMenp — aHamM3 KIMHMYECKMX U PEHTTE€HONOIMYECKUX JJAHHBIX IALMEHTOB C IOHOLIECKMM MMONATUYECKIM CKOJIMO-
30M B IIepMoj, OT Hayaia jedyeHns KopcetoM llleHo u 0 3aBepiIeHMA pocTa U JieYeHUA KOPCETOM JJiA OIpefeneHNs
Ppe3ynbTaToB JIEYEHMA U NMPOTHO3a B KIMHUYECKON NPAKTUKE.

Marepuansl 1 MeToAbl. B mepnopn ot Havana jedeHus O 3aBeplieHys] pocTa Habmoganm 52 manyeHTa ¢ HOMECKUM
MAVONATUYECKUM CKONMMO30M, KoTopble Hocumm KopceT Illeno. ITpoananusupoBaHbl Takue KIMHNYECKME NaHHbIE, KaK
MCXOJHBIT MHTeKC Pyuccepa, BO3pacT Ha MOMEHT JIe4eHNs, 10/, XapaKTepUCTUKM fepopManyy U MHAEKC Macchl Tera.
Pesynprarbi. CpegHMii BO3pacT B Hayaje jJ€4eHNUsA KOPCeTOM cocTaBua 13,1 rofa, cpefH:As BeNM4YMHA CKOMMOTUYE-
ckoit medopmaruy 6su1a 30,9°. 3a 4 Mec. HOIIEHMsT KOpceTa CKOMmMoTudeckas gedopmaius ymeHbinnack o 20,1°.

m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 8. Issue 3. 2020



270

ORIGINAL PAPERS

Yepes 9 Mec. moc/ie OKOHYAHMS HOIIEHWsI KOPCeTa ¥ CpefHell IPOJO/DKUTEIbHOCT TedeHNst 17 MeC. CKOMMOTIYecKas
medopmanus gocturama 30,3°. Y meTeil ¢ MeHbIIEN CTENEHbIO CO3PEBAHUs CKe/leTa BEIMYMHA MCXOFHON CKOMMOTH-
Jeckoll fedopmanuy O6blIa MeHbllle, 4eM Yy 6oJiee 3peNbIX MALMEHTOB, YTO MPUBOLWIO K MeHbIell AedopManuu Imo-
3BOHOYHINKA B KOHIe edeHust. KpoMe Toro, y feTeit ¢ oxXmpeHreM KOPpeKLs CKOIM03a BO BpeMsl HOIIEHNs KOpceTa

OblTa MeHee BBIPKEHa, 4eM y [ieTell ¢ HOPMaJIbHOI Maccoll Tera.

3akmrodeHne. Y MalMEeHTOB C IOHOIIECKMM UAMONATIYECKMM CKONMMO30M, HocuBIIuX KopceT IlleHo, n3HayanmbHas Kop-
pekius gedopmanun coctaBmwia 35 %. Yepes 9 Mec. moc/ie OKOHYAHMSA JIeYeHMs KOPCETOM CKOMMOTHYecKas medop-

Malus Obla MAEeHTUYHA TaKOBOI B Havase JIeYeHMS.

KnroueBble crmoBa: ynedeHue KOpceToOM Illeno; ckonmos; KOppeKIMs; KOHCEPBATUBHOE JIEYEHNE; ned)opMaul/m IIO3BO-

HOYHIKA.

In patients with adolescent idiopathic scolio-
sis (AIS), brace therapy is a frequently used
treatment regime in order to prevent curve
progression with its negative effects and to avoid
spinal fusion surgery [1]. However, results at the
end of growth and after conservative treatment are
difficult to compare. Treatment results are affected
by the brace design, which is highly dependent
on regional preferences [2]. The majority of peer-
reviewed papers focus on Northern American
brace therapy [3, 4]. Consequently, results for
Milwaukee [5], Boston [6], Providence [7] and
Charleston braces [8] were extensively described
and compared in the literature.

In Europe, Chéneau or Chéneau-like braces such
as Chéneau-Rigo [9] or ScoliOlogiC® “Chéneau
light” are mainly used [10]. Over the last decades,
results with these brace models were less frequently
described [1, 11, 12] than for US models and the
reported results differed extremely in the achieved
correction after the end of brace treatment.

Apart from the type of brace, therapy results are
highly dependent on individual brace manufacturing,
initial curve correction [12, 13] and wearing time of
the brace [14] as well as patient related factors such
as peak growth velocity, remaining growth, initial
curve magnitude, curve rigidity and many others.

The aim of this work was to analyze clinical
and radiological data of AIS patients treated with
Chéneau braces from the beginning of treatment
until the end of growth and brace therapy in order
to define realistic treatment results and expectations
in an everyday setting.

Materials and methods

After approval of the institutional ethical
review committee of the University Medical Center,
a cohort of 52 AIS patients from a single medical
university center, which were treated conservatively

with a Chéneau brace therapy were followed from
the beginning of treatment until the end of growth
and several months (average nine months) after
brace therapy. According to Richards et al. [15]
SRS (scoliosis research society) paper on brace
studies, inclusion criteria at the beginning of brace
treatment were the diagnosis of AIS, minimum age
of ten years, Risser sign 0 to 2 (<50% ossification
of the iliac apophysis on radiographs), scoliotic
curve angle (Cobb degree) between 25° and 40°,
less than one year after the menarche and no prior
treatment. Patients who satisfied these criteria and
who were treated with a Chéneau brace until the
end of skeletal growth (Risser sign 5), were included
into this study. Additionally, 14 patients with
a scoliotic curve angle of 17°-24° were included
as brace therapy is suggested at 20° of scoliosis in
Germany and a measurement error of 5° should be
considered using the Cobb method. Clinical data
such as curve patterns and body mass index were
documented. Standardized radiological standing
images in the AP (anterior-posterior) and lateral
projections at the first visit were performed and
analyzed. In order to reduce radiation exposure,
follow-up radiographs were performed as an AP
standing film only (Fig. 1).

All patients were prescribed a Chéneau brace,
which were manufactured at different companies
throughout the country. After completion of the
brace, a period of adjustment was recommended with
increasing wear duration. If necessary, an adaptation
of the orthosis was performed by the manufacturing
company. An outpatient visit was scheduled three to
five months after the initial visit to check on the
brace and to perform AP radiographs in the brace
to proof deformity correction. All adolescents and
their parents were instructed to wear the brace for
23 hours/day [14] and only to take it off during
sports and showers. Physiotherapy was prescribed
with a given preference to the Schroth method
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Fig. 1. A 12-year old boy with scoliosis (a) and a normal sagittal profile (b). Scoliosis could be well corrected by a Chéneau
brace (c). At six months follow-up after the end of brace treatment, spinal deformity was similar to the initial values (d)

to de-rotate, stabilize and elongate the spine in
a three-dimensional plane [16]. Objective data on
real brace time wearing and physiotherapy effors
were not collected. Therefore, the reported data
represent a typical everyday situation in a large
pediatric spine clinic.

In addition to clinical data, radiological
measurements of scoliosis were performed on
X-rays with and without Chéneau brace. Data were
analyzed according to the degree of maturation
(Risser sign). The Lenke classification was used
to describe which of the three regions of the
spine (proximal thoracic, main thoracic and
thoracolumbar/lumbar) was structural or non-
structural and scoliosis could be divided into six
different types with the help of X-ray images [17].
The obtained data were reviewed statistically with
Student’s t-tests using Excel. All data are presented
as mean + standard deviation. Statistical significance
was determined with p < 0.05.

Results

Data and radiological images of 52 children with
idiopathic scoliosis according to the SRS criteria [15]
were evaluated. 88% of the collective (n = 46) were
female and 12% (n = 6) male. The mean age at
diagnosis was 13.1 years (range 11.1-14.3 years,
SD = 1.63). The average body height at the time of
diagnosis and start of brace treatment was 162 cm
with a mean weight of 49 kg. 87% of the study
group (n = 45) had a single scoliotic curve, whereas

the others (n =7) were diagnosed with a S-shaped
double curve, so that a total of 59 curves could be
analyzed in this work.

Using the Lenke classification [17], scoliotic de-
formity was divided into six different types. Lenke 1,
the right convex thoracic scoliosis, was predomi-
nantly present for the majority of patients (Table).

The degree of maturation of the patients
differed. In 48% of girls (n =22), the menarche
had already occurred. Risser signs >1 were found
in 75% of this group at primary diagnosis. In 2%
of the radiographs, the Risser sign could not be
assessed due to technical reasons.

Radiographs of patients with AIS demonstrated
an average curve of 30.9° at the beginning of
treatment, which could be reduced to 20.1° four
months after initiation of Chéneau brace therapy.
This equals an initial curve correction of 35%. At the
last radiological control during brace treatment, the
average scoliotic curve had increased to 26.3° during
an average of 17 months of treatment. However, this
difference was not statistically significant (Fig. 2).
Nine months after the end of brace treatment, the

AlS (n = 52) classified according to Lenke [17]
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50 control with a Chéneau brace. Overweight patients
(n =4, body mass index [BMI] > 90" percentile)
g 40 . presented with higher initial (41° versus 31°) and
L
& final scoliotic curves (46° versus 26°) and less
o 30 - deformity control than normal weight adolescents
}; during brace therapy (p = 0.039).
5 20
Q
g Discussion
2 10
Q
i The effect of brace treatment in children
0 - r w - with AIS still remains controversial. A systematic
Indication First control Last control 9 months : . :
with brace  with brace  after brace  T€Vi€W [3] of only English literature showed that
4months 17 months  therapy there was no difference of curve degrees which

Fig. 2. Scoliotic angle (in degrees; mean +* standard
deviation) of the main curves of all patients (n = 52).
Values at the time of indication for brace treatment, four
months after wearing a brace, last control in the brace
(17 months) and nine months after the end of brace
therapy. The significances (*p < 0.05) calculated with
Student’s t-test are referred to the initial value (indication
for brace therapy)

scoliotic curves presented with the same degree as
the initial curve.

Looking at the remaining growth, patients after
the peak growth velocity (Risser sign >1) started
with more severe scoliotic curves (33.5° versus 23.4°,
p =0.005), but showed the same curve pattern
during the treatment course as skeletally more
immature patients (Fig. 3).

Data analysis was able to show that overweight
was a negative predictive factor for spinal deformity
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Fig. 3. Scoliotic curve pattern (in degrees; mean + standard

deviation) differentiated between skeletally immature

(Risser 0) and skeletally more mature patients (Risser >1).

51 patients were analyzed. The significances calculated with

Student’s t-test (*p < 0.05) relate to the difference between
the two groups

classified for surgical interventions in observed AIS
patients, versus children with a brace treatment.
Contrary to this, the same group found a higher
rate of treatment success after bracing compared
to observation only in patients with AIS [18].
De Giorgi et al. [1] reported a permanent 59%
scoliosis correction with an average 11° scoliosis five
years after completion of Chéneau brace treatment,
thus showing no curve angles within the range of
surgical treatment.

The problems of brace therapy in AIS are
numerous: type of brace, individual manufacturing,
uncertain wearing time [19, 20], different additional
physiotherapy, individual curve progression and
rigidity, remaining growth and many other factors.
As described by De Giorgi et al. in 2013 [1],
excellent Chéneau brace treatment results can
probably be achieved with careful patient selection,
a single treating doctor, who personally controls
all braces and supervises wearing time, as well as
physiotherapy and only one experienced brace
manufacturer. However, this situation does not
reflect the usual routine in most patient settings.
This paper reports results of a normal everyday
outpatient routine administered in a single large
pediatric spinal center.

After patient selection according to the
SRS criteria [15], adolescents were prescribed
a Chéneau brace, which is commonly used in
Europe [10]. The braces were manufactured close
to home as many families lived far away. Brace
fitting was controlled by radiographs at an average
of 4.3 months after the beginning of treatment.
According to the literature, curve corrections of
50% and higher are favorable [12,13], but only 35%
could be achieved in this studied population. One
reason might be different techniques by different
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manufacturers who were involved into creating the
Chéneau braces. The families were advised to adjust
the Chéneau brace at their local manufacturers
according to radiographic findings to improve
correction. Follow-up medical visits were advised
every six months and earlier if problems were noted.

Administering this standard procedure, a gra-
dual but not statistically significant increase of
the scoliotic curves could be observed during the
Chéneau brace treatment over time. Nine months
after completion of brace therapy, the scoliotic angle
was identical to the initial spinal deformity. Similar
findings have been reported by Hopf et al. [11] and
Zaborowska-Sapeta et al. [21], who described a stop
of scoliotic curve progression in 48% of patients.
Long-term results after completion of bracing are
extremely heterogeneous. While some report of
permanent excellent results [1], others demonstrated
a gradual curve progression over time [21, 22].

In our patient population, skeletally immature
patients at the beginning of treatment (Risser <0)
and therefore longer treatment periods did not show
more severe curves than initially older patients at
the final results (Fig. 3). A reason might be that the
patients have been selected according to the SRS
criteria [15], which exclude younger patients below
the age of ten, whose curve progression normally
deteriorates more severely. A negative factor
associated with poor Chéneau brace effectiveness
was clearly overweight, which has been described
in the literature before [23].

Limitations of the study

The limitation of our study was that also patients
with a Cobb angle below 25°, which is described
in the SRS criteria, were included as brace therapy
is suggested at 20° of scoliosis in Germany and
a measurement error of 5° should be considered
when using the Cobb method.

Conclusion

Our patient group of 52 AIS children according
to the SRS criteria, who were treated with a Chéneau
brace, which was manufactured at different locations
throughout the country, showed an overall initial
curvature correction of 35%. At the end of growth
as well as an additional nine months follow-up
after cessation of brace treatment, scoliotic curves

identical to the deformities at the beginning of
treatment could be observed. These results were
better than the reports in many US studies [4, 6-8],
but worse than results reported for Chéneau brace
treatment with a careful patient selection, single
doctor, close monitoring and single experienced
brace manufacturer [1].

Concluding, brace therapy in AIS children
prevents the progression rather than correct or
reverse the deformity leaving the scoliotic curve at
the end of the treatment on initial degrees.
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