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Objective: The aim of the study was to evaluate the loss of truncal rotation over 54 hours after removing
Chéneau brace.
Methods: The studied groups consisted of 39 girls aged 10—18 years old, diagnosed with adolescent
idiopathic scoliosis (AIS) and treated with Chéneau brace (CAST) and 20 AIS girls aged 10—18 years old,
not treated with bracing. Posterior-anterior radiographs were obtained from the clinical assessment of all
subjects and were subsequently used to determine Cobb angles. The measurements of the angle of trunk
rotation (ATR) were taken with the Scoliometer® and back-contour device during Adams forward
bending test by the two evaluators. The changes in ATRs during 54 hours of observation were performed
after the brace had been taken off (0, 2, 24, 30, 48 and 54 hours after debracing). This was described using
Varr variable, defined as the change in the absolute Scoliometer® readings in the time intervals against
the time interval At between the measurements. During back-contour assessment the differential factor
(kra) has been used for the digital analysis. The changes in k;, over 54 hours of observation were
expressed as Vi, factor, defined as the difference in the absolute value of the amplitude differential
factor (kr,) in the time intervals against the time interval At between the measurements.
Results: The highest changes were observed in the thoracic as well as in lumbar spine in patients with
Cobb angle >30°, axial rotation of the apical vertebrae within 5—15°, Risser sign 0—2. The biggest change
in the trunk rotation after Chéneau brace had been taken off was noted within the first two hours of
observation.
Conclusion: The patients should be advised to take the brace off for a minimum of two hours before the
scheduled x-ray, to allow full relaxation of the trunk in order to obtain reliable radiological images of the
deformation.
Level of Evidence: Level Ill Therapeutic study.
© 2018 Turkish Association of Orthopaedics and Traumatology. Publishing services by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction

Adolescent idiopathic scoliosis (AIS) is defined as a persistent
lateral curvature of the spine greater than 10° and/with associated
rotation of the vertebrae in the upright or standing position.!

The most reliable and widely used diagnostic tool for the
identification of scoliosis and thus the selection of treatment is the
method of Cobb.”> Recently, newly designed digital contour-based
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The Society of Scoliosis Orthopedic Rehabilitation and Treat-
ment (SOSORT) guidelines provide clear, scientific indications as to
what type of treatment (observation, physical therapy, bracing,
surgery) is appropriate for patients with scoliosis.”> For patients
with curves of 20—40° (larger than 25°) the most common method
used is a brace, especially of Chéneau-type. For curves of 20°—30°,
bracing is commenced only when progression of 5° or more occurs
between consecutive visits. However, when a patient is skeletally
immature (Risser grade 2 or lower) and presents with a 30°—45°
curve, bracing is commenced at the first visit.®

The implementation of the orthopaedic braces could be useful
for preventing curvature progression in patients with AIS.” More-
over, braces are still the best solution to avoid surgery.

The Chéneau brace is intended to de-rotate the apical segment
of the curve and provide a 3D correction of the spinal deformity.®”
The major mechanism of this orthosis is 3D correction of the spinal
deformity through a system of multipoint pressure zones and
expansion chambers.®

Hopefully in the future there will be more studies not only on
the efficacy but also on the biomechanics of bracing, evaluation
tools, informatics in bracing etc.'” These aims made the main part of
the scope of this research.

The treatment of AIS with an orthopaedic brace must be closely
supervised by a specialist. The control visits require the assessment
of curve progression. Generally, an x-ray imaging is the method of
choice for the evaluation of the degree of correction, fit, and overall
spinal balance and for further management decisions. It is regarded
as the most reliable diagnostic tool which precisely reflects the
current angle of curvature. Unfortunately, quite often the first x-ray
is taken when the brace in on the body and the second one is
performed immediately after removing the brace. This practice
usually results in two almost identical images [Fig. 1 — no difference
in the Cobb angle (24°) has been observed].

This may suggest inappropriate correction of the angle of the
curve in patient wearing brace and lead to hasty conclusions about
poor-fitting.

There has been many studies showing that bracing can improve
the angle of curvature (effectively stop curvature progression) as
well as the trunk deformity. The long-term stabilization of curve
correction has been shown and no change with respect to trunk
deformity has been observed when compared to the intermediate
result achieved after two years of treatment. After Chéneau light
brace weaning half of the Cobb angle (compared to the start of
treatment) has been achieved.!!

On the other hand, short stabilization of correction has not been
discussed yet. The time when the spine comes back to uncorrected
posture depends on many factors. Successful use of a brace depends
on the amount of time the patient is wearing the brace. The brace is
worn until growth is complete between 16 and 23 hours a day.
Thus, the aim of the study was to evaluate the relationship between
the above mentioned factors and the duration of the correction of
the trunk rotation effect after the brace is taken off.

Methods

It has been hypothesized that after removing the Chéneau brace
(CAST), the changes in trunk rotation could occur. However, the
duration of the correction hasn't been known. Moreover, specific
factors e.g. Cobb angle, Risser sign and axial rotation of the apical
vertebrae could affect the reverse of the back contour after taking
the brace off.

Participants

The target population for this study was patients (59 girls)
diagnosed and treated with progressing adolescent idiopathic
scoliosis (AIS) at the Department and Clinic of Rehabilitation
(University of Warmia and Mazury in Olsztyn, Poland).

Patients were divided into two groups: the brace-wearing group
(B) and control group (C). The characteristics of these two groups
has been shown in Table 1.

Fig. 1. 10-year-old girl with an adolescent idiopathic scoliosis (Risser sign = 0). A standing anteroposterior radiograph of the patient in the brace (a) and when the brace has been

removed (b) (own data).
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Table 1
Characteristics of the population studied.

Variable Subgroup N? MEAN Standard deviation
Age [years] B-Th 32 14,50 1,52
B-L 21 15,14 1,20
C-Th 16 13,90 2,50
C-L 15 14,00 2,20
Cobb angle [°] B-Th 32 31,31 6,71
B-L 21 29,86 9,26
C-Th 16 36,70 13,10
C-L 15 31,90 9,90
Rotation angle [°] B-Th 32 10,63 5,79
B-L 21 17,38 7,35
C-Th 16 12,10 6,40
C-L 15 13,60 7,60

2 N — total number of curves.

Thirty nine girls, aged 10—18 years old, diagnosed with AIS and
treated with Chéneau brace (CAST) formed group B. The patients
from B group had thoracic (n = 17), thoracolumbar (n = 3), lumbar
(n = 5) and double curve (n = 14) scoliosis.

Group C consisted of twenty girls, aged 10—18 years old, diag-
nosed with AIS, who have not been braced yet. The patients were
diagnosed with: thoracic (n = 4), thoracolumbar (n = 3), lumbar
(n = 2) and double curve (n = 11) scoliosis.

The total number of curves (n = 84, Table 1) has been calculated
and used for the statistical analyses.

The inclusion criteria consisted of: AIS confirmed in the clin-
ical and radiological assessment. Patients were either pre-
menarcheal or <1 year postmenarcheal, had no history of brace
treatment, no co-morbidities affecting the course of AIS such as
genetic defects, neuromuscular disorders, metabolic disorders,
history of severe trauma. Additional requirements for the B group
were: Chéneau brace treatment for a minimum of 6 months,
compliance with the number of hours of brace wearing 20h/day,
x-ray confirmed good brace fitting and for the C group: no history
of brace treatment.

Patients who had been treated previously'?; who didn't comply
with bracing recommendations or prematurely stopped the brace;
who were simultaneously using another brace; and with Risser sign
more than 4 were excluded from the study.

Additionally, the B group was subdivided for the purpose of
statistical analysis into: thoracic curve subgroup (B-Th) which
included 32 curves and lumbar curve subgroups (B-L) with 21
curves (Table 1). Within each subgroup, (i.e. B-Th and B-L), the
patients were further classified based on: Cobb angle: a) < 30°,b) >
30°, longitudinal axial rotation of the apical vertebrae according to
the method of Perdriolle: a) rotation of 5°—15°, b) rotation of
16°—25°, Risser sign (RS): a) RS 0—2, b) RS 3—4. The intrarater
reliability as well as the average intrarater error of the method of
Perdriolle showed that this method was a useful tool for the follow-
up of vertebral rotation."®

Group C was also subdivided into: thoracic curve subgroup (C-
Th), which included 16 curves, and lumbar curve subgroups (C-L)
with 15 curves. Within each subgroup, (i.e. C-Th and C-L), the pa-
tients were classified based on: Cobb angle: a) < 30°, b) > = 30°,
longitudinal axial rotation of the apical vertebrae according to the
method of Perdriolle: a) rotation of 5°—15°, b) rotation of 16°—25°,
Risser sign (RS): a) RS 0—2, b) RS 3—4.

Experimental design

All the procedures involving human participants conformed to
the ethical guidelines of the 1975 World Medical Association

Declaration of Helsinki (and its later amendments or comparable
ethical standards) as reflected in a priori approval by the in-
stitution's human research committee and followed the Adapted
Physical Activity (APA) Ethics Standard. This research was
approved by the Ethics Committee. The experiment was con-
ducted with the understanding of each subject. All subjects as well
as their parents gave written informed consent to participate in
this study.

The diagnostic tests of both studied groups were performed six
times: after 0, 2, 24, 30, 48 and 54 hours. The girls from B group
were tested immediately after the brace had been taken off, and the
girls from C group were diagnosed after a night rest, both groups at
about 7 a.m.

The measurements of the patients took place during their hos-
pitalization at the Clinic of Rehabilitation and the hours of tests
correlated with the ward procedures in order to exclude any in-
fluence on the angle of trunk rotation (ATR) measurements.

Measurements

Posterior-anterior radiographs were obtained from the clinical
assessment of all subjects and were subsequently used to
determine Cobb angles.'* The measurements of the trunk rota-
tion were taken with the Scoliometer® and back-contour device
during Adams forward bending test by the two evaluators/
diagnosticians."”

Scoliometer® assessment

The reliability of the measurements obtained with the Scoli-
ometer® was determined as very good to excellent in a previous
study.'®

Thus, in this study the Scoliometer® was used to analyse the
axial rotation of the trunk (i.e. ATR) in patients with idiopathic
scoliosis. The Scoliometer® was placed over spinous processes of
the back and was drawn along them to measure the axial trunk
rotation. During the first measurement the spinous process with
the highest value of ATR was marked with a waterproof marker.
This space was used during next measurements in order to repro-
duce the same level as in previous examination. The evaluation
performed with the Scoliometer® with the participants standing in
trunk flexion was shown in Fig. 2.

Fig. 2. The measurement of angle of trunk rotation using Bunnell scoliometer during
forward bending — posterior view (own data).
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The changes in ATRs during 54 hours of observation were per-
formed after the brace had been taken off (t 0, 2, 24, 30, 48 and 54
hours after debracing). This was described using Varr variable,
defined as the change in the absolute Scoliometer® readings in the
time intervals against the time interval At between the measure-
ments (equations (1)—(5)).

Vare(2) = [0 5 AT 1)
Vare(24) = [ATR2 _ATR24 2)
Vare(30) = [TRea ~ATRs0 3)
Vare(48) = [T ATRss (4)
Vare(54) = T8~ ATRsq (5)

The above mentioned formulas define the angular velocity/
change of angular displacement calculated at ¢ time after removing
the brace, and compared to the value measured at .

Back-contour assessment

Back-contour device was employed as an alternative to invasive
imaging.* In this study, it was used to evaluate the rotation of the
trunk and for the assessment of the topographic changes along a
chosen linear axis. Back-contour device consists of 28 movable
spikes placed at the distance of 1 cm from each other. The evalu-
ation of the hump on the thoracic region during forward bending
was shown in Fig. 3.

Back-contour device was placed on a specially designed board
where the position of spikes was captured with a digital camera.
The picture was then imported into specific software (Polish
version of the “Program analizy danych gibotorakometru”) for
picture calibration and data collection (Fig. 4).

Fig. 3. Clinical photograph during the evaluation of rib hump deformity with the back-
contour device (own data).
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Fig. 4. Back-contour device software (own data).

The differential factor (k) has been used for the digital analysis.
The changes in k;, over 54 hours of observation were expressed as
Vira factor, defined as the difference in the absolute value of the
amplitude differential factor (k;,) in the time intervals against the
time interval At between the measurements (Equations (6)—(10)).

Viga(2) = [faa2._ Kia0 (6)
Via(24) = [(1224 ~ Kia2 )
Viea(30) = 220~ Kra2a ®)
Viga(48) = |28 Jiaz0 (©)
Viga(54) = |25 Kiads (10)

The above mentioned formulas define the velocity of k;; change
as calculated at t time after removing the brace, compared to the
previous value measured at tg after debracing.

Statistical methods

Statistical analysis was performed using Statistica 12.0 soft-
ware.” The distribution of variables in samples were tested using
the Shapiro—Wilks test. The data were presented as mean and
standard deviation (SD). The statistical significance was set at
p < 0.05. The non-parametric U-Mann—Whitney test was used for
the comparisons between the studied groups.

Results

The dynamics of the trunk contour changes in thoracic and
lumbar region of the spine in relation to the time after brace
removal was shown in Fig. 5 and Fig. 6.

The significant changes in the trunk rotation after Chéneau
brace had been taken off took place over the first two hours of
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The relative deviation of the measured points

The number of the spike in back-contour device

Fig. 5. The sample of geometrical changes of the trunk contour in patients from B-Th
group dependent on the time after removing the brace.
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Fig. 6. The sample of geometrical changes of the trunk contour in patients from B-L
group dependent on the time after removing the brace.

observation (see Tables 2 and 3). Statistically significant differences
were shown in the thoracic as well as at the lumbar region in pa-
tients with Cobb angle >30°, longitudinal axial rotation of the
apical vertebrae from 5 to 15° and Risser sign from O to 2. After
twenty four hours, the statistically significant changes were noted
only within the lumbar region when the Cobb angle was lower than
30° and at the rotation angle from 5 to 15°. In patients with Risser
sign from O to 2 the changes were noted after two and after thirty

hours after debracing, both in the group of lumbar and thoracic
curvatures (Tables 2 and 3).

When the subgroup of patients with the longitudinal axial
rotation of the apical vertebrae within 16°—25° range was analysed,
a statistically significant difference was noted only within the first
time interval (i.e. after two hours). In this study, the patients with
low values of Risser sign (from O to 2) proved to be less geomet-
rically stable after removing the brace, compared with the group
with advanced Risser sign (from 4 to 5).

Discussion

As we hypothesized the dynamic changes in trunk rotation
over the first 2 and 24 hours after removing the Chéneau brace
were observed. The highest changes during short period of time
has been noted in thoracic region. Our previous experiences show
that it could be explained by geometrical instability of upper
body. Moreover, the specific asymmetry of upper body (e.g. in
acromion and scapula) are less prone for correction when
compared to the pelvic complex. These changes rapidly comes to
the initial state before the correction (data yet not published). It
could be assumed that it is associated with more stable complex
of lower body in comparison with upper body (more stable ki-
nematic chains).

This study also showed that the dynamic changes in trunk
deformation appears faster in patients with Cobb angle >30" and
the Risser sign 1—2. The scoliotic changes in these patients are
considered as being more progressing and the correction is more
difficult. Taking this into account, the treatment should be intro-
duced immediately without waiting for the deformation progres-
sion. The short period of de-correction should change the
recommendations in these patients in order to have the brace on
for a longer period of time.

The latter was highly crucial from the clinical point of view. The
clinicians should pay more attention to patients who do not follow
medical recommendations and exceed the time without the
Chéneau brace by more than what is needed for personal hygiene
or exercise. Patients should be instructed that the correction of the
spine takes place only when the brace is on the body. Morevoer, the
effectiveness of the Chéneau brace in halting the progression of the
AIS has been experimentally proven.'® Although full-time bracing
has the longest history, some negative psychosocial effects of
daytime bracing have led to the study of part-time bracing pro-
tocols (using e.g. the Providence brace). However, this alternative
has resulted in slight progression of the AIS."”

The magnitude of the trunk rotation significantly depends on
Cobb angle and longitudinal axial rotation of the apical vertebrae. It
is well known that the higher values of Cobb angle are associated
with greater rotation angles.?’ In this study, the transverse plane
deformation was analysed by assessing changes in the trunk rota-
tion angle (Varr) and geometrical outline of the trunk (V). Other

Table 2
The results of the U-Mann—Whitney test in patients wearing the brace (B) vs. control (C) groups at the thoracic region of the spine.
Time [h] Cobb angle Axial rotation Risser sign
<30° >30° 5°—15° 16°—-25° 0-2 3-5
VaTR Vikra VatR Vkra VaTR Vkra VaTR Vikra VatR Vikra VatR Vkra
2 1,00 0,55 0,28 0,02" 0,28 0,03" 0,55 0,86 0,10 0,05 0,51 0,18
24 0,31 0,81 0,38 0,63 0,54 0,94 0,35 1,00 0,25 0,74 0,44 0,81
30 0,13 0,72 0,82 0,90 0,50 0,71 0,69 1,00 0,74 0,03" 0,51 0,14
48 0,61 1,00 0,93 0,33 0,94 0,30 0,45 0,11 0,50 0,96 0,34 0,87
54 0,13 0,81 0,98 0,26 0,11 0,32 0,85 0,22 0,74 0,11 0,16 0,31

“p < 0.05 — a statistically significant differences between studied groups.
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Table 3
The results of the U-Mann—Whitney test in patients wearing the brace (B) group vs. control (C) groups in the lumbar region of the spine.
Time [h] Cobb angle Axial rotation Risser sing
<30° >30° 5°—15° 16°—25° 0-2 3-5
Vatr Vikra Vatr Vira Vatr Vikra Vatr Vira Vatr Vira Vatr Vira
2 0,01 0,20 0,01" 0,00" 0,02 0,01" 0,02" 0,11 0,10 0,05" 0,51 0,18
24 0,05" 0,30 0,37 0,70 0,01" 0,27 0,83 0,55 0,25 0,74 0,44 0,81
30 0,94 0,74 0,46 0,35 0,56 1,00 0,56 0,23 0,74 0,03" 0,51 0,14
48 0,61 0,90 0,06 0,81 0,79 0,96 0,17 0,62 0,50 0,96 0,34 0,87
54 0,33 0,06 0,47 0,66 0,14 0,40 1,00 0,55 0,74 0,11 0,16 0,31

“p <0.05 — a statistically significant differences between studied groups.

authors showed a strong correlation in thoracic curvatures be-
tween ATR and Cobb angle as well as the longitudinal axial rota-
tion®""?? of the apical vertebrae measured according to the method
of Perdriolle.”> However, this relationship has been less evident in
the lumbar region.>*

The Cobb method is the most widely used to determine the
angular value of scoliosis and it is defined as the “gold standard”.
However, this requires an x-ray examination as well as a qualified
specialist. It was shown that there was a poor correlation between
the Cobb measurements taken by spine orthopaedists and ortho-
paedic residents. That demonstrated difficulties in the method,
which cannot even be overcome by expertise.?> Thus, in this study
only clinical measurements were performed and the patients were
not exposed to the additional dose of ionising radiation. Taking the
potential harmful effect of an x-ray into consideration the number
of radiological evaluations should be limited to the necessary
minimum.?® Moreover, a controlled x-ray during the first visit (e.g.
in the group of patients treated with Chéneau brace) should not be
taken before the time the spine returns to its uncorrected shape.

Earlier studies showed a high?’ or moderate®® correlation be-
tween the axial trunk rotation (ATR) values and the Cobb angles
[scoliometer measurements vs. radiograph analyses was consid-
ered good (r = 0.7, p < 0.05)]. It was also shown that this correlation
is stronger in the case of thoracic region compare to lumbar re-
gion.* Thus, in this study the implementation of back-contour
assessment has been crucial for overall diagnosis of the patient.

The discussions over the advantages and disadvantages of
bracing have been going on for many years but they seem to have
come to a halt with the results of a multicentre, prospective
controlled study (BRAIST) published in 2013.%° The data clearly
indicate that the use of orthopaedic braces alter the natural history
of scoliosis and the final result of the curve correction correlates
with the time of bracing.'®

The latest cutting edge technology standards lead to the
reduction of time in brace.>’ From the patients’ perspective it is
reasonable to assume the proper time that improvements of Cobb
angle and trunk deformity could be achieved. Thus, in this study the
time interval, when the spine comes to its preliminary state, after
taking the brace off, has been studied.

Moreover, we do understand that the level of correction (e.g. 20%
in comparison with 60%) could have an impact on the results ob-
tained. Earlier studies cleared only the correlation between rtg in-
brace correction and short time results of brace (significant corre-
lation range 0.64—0.98). Low in-brace correction had a low correla-
tion coefficient between in-brace correction and out of brace (after 6
month treatment) for thoracic and lumbar curves showing the best
results for thoracic curves.?! Furthermore, the in-brace correction
seems able to predict the short time results of treatment.>?

The long-term correction of brace treatment has been studied
widely. The latest research showed only slight loss of correction 15
years post bracing. Moreover, contrary to this studies, no difference

in terms of long-term results and progression has been found be-
tween patients with <30° vs > 30° Cobb angles.*>

The results of this study have also another clinical rehabilitation
impact. The patients as well as their parents, who do not follow the
recommendations of 23-hour brace treatment, should realize that
after 2 hours from removing the brace the back contour correction
is lost. The main aim of the bracing is to reduce the angle of trunk
rotation as well as the cosmetic improvement of posture (cosmetic
effect). Thus, the time of bracing is the main priority.

Conclusions

The highest dynamics of the trunk rotation (after the experi-
mental removing the Chéneau brace) was observed within the first
two hours of the 24 hours of observation. The results have a clinical
implication. The patients should be advised to take the brace off for
a minimum of two hours before the scheduled x-ray, to allow full
relaxation of the trunk in order to obtain reliable radiological im-
ages of the deformation.
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