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Abstract

Background: Idiopathic scoliosis is a three-dimensional structural deformity and adolescent form is the most common type (AIS). Conservative
treatment methods in AIS include brace and scoliosis-specific exercise treatments. Respiratory limitations have been reported in relation to the
nature of scoliosis itself. However, the evidence regarding treatment interventions is controversial. The purpose of the study, to investigate the
effects of Schroth exercises on pulmonary functions on adolescents who use rigid braces and perform Schroth exercises.

Methods: Twenty-four patients with AIS were included in the study. The patients who wore brace and performed the SSE therapy constituted
the “Brace & Exercise” (N=12), and the patients who wore full time brace but did not perform exercise constituted the “Brace” (N=12) group of
the study. The effects of Schroth exercises on pulmonary functions were measured at the beginning of treatment and 8th week of the treatment.

Findings: At the beginning of the treatment, there were not found statistical differences in demographic data and pulmonary function values
between Brace and Brace & Exercise groups. At 8th week of the treatment, there was an increase in the FEV1 parameter in the Brace & Exercise
group. Also, at 8th week of treatment, there was found a strong negative correlation between brace using time - FVC and negative correlation
between brace using time and FEV1 values (p <0.05).

Conclusion: It was determined that the use of full-time brace did not cause a statistical difference on respiratory values and Schroth exercises

performed during treatment period could have a positive contribution on FEV1 value.
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Introduction

Scoliosis is a complex deformity that is caused by the
rotation of the spine on its axis and causes deformity in sagittal
and transverse planes which mainly affects the coronal plane.
Adolescent Idiopathic Scoliosis (AIS) occurs during the puberty
period and affects 3% to 5% of adolescents. The age of onset of
AIS is 10-16 and more common in girls [1]. Treatment options
in AIS are made by considering the skeletal maturation of the
patient. In the conservative treatment of AIS, for Cobb angle < 252
curvatures, the observation approach is preferred by six months
intervals. Cobb curvatures 25-452 and Risser stage 0-2 immature
adolescents are treated with brace and exercise [2]. Due to rotation
on the transverse plane, the rib cage is affected and causes severe
deformity in patients. Concerning the degree of curvature, there
is a decrease in vital capacity and total lung volume in moderate
(30-50 degrees) and severe (=50) curves, while the residual

volume remains within normal limits. The most important reason
for these reductions is the deformation caused by curvature
and rotation, limiting the lung parenchyma, and revealing lung
volume and compliance restriction. As a result, asymmetry in the
rib cage leads to an asymmetrical breathing pattern, pulmonary
muscle weakness, and impairment of cardiopulmonary functions
[3,4]. Recent studies on if there are pulmonary and functional
restrictions in patients with AIS [5,6]. In addition, it is stated
that the rigid braces used in the conservative treatment cause a
decrease in the paravertebral muscle strength and lung capacity
by restricting the rib cage movement. The effect of the brace on
respiratory functions; it is closely related to many factors such as
the size of the curvature, brace design, rib cage mobility, material
rigidity and brace usage time [7]. Scoliosis Specific Exercises
(SSE) which are planned specifically to curvature patterns is
the general name of approaches with common basic principles
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generally including breathing applications. The Schroth method,
which is a common SSE method provides that breathing exercises
can increase the vital capacity and decrease the respiratory
restrictions related to scoliosis [8].

The main purpose of this study is to compare the pulmonary
functions of patients with AIS who use rigid scoliosis braces
and do not perform exercise, with patients who use braces and
perform regular Schroth exercises. In addition, it is also to reveal
whether both methods make a difference in terms of respiratory
function in the conservative treatment of scoliosis.

Material-Methods

This study was conducted in F*##* [k Siokick Ok hetween
December 2019 - October 2020. Twenty-four patients with AIS
aged 10-16 years, with curves of 25-452, were included in the
study. AIS patients who were prescribed full-time rigid brace and
Schroth exercises for 60 minutes 5 days a week by the physician,
constituted the sample group of the study. The patients who
wore the rigid brace and regularly performed the SSE therapy
in the specified constituted the Brace & Exercise (N=12), and
the patients who wore full-time rigid brace but did not perform
exercise constituted the Brace group (N=12) of the study. The
study was approved by the H** U** Non-Interventional Clinical
Research Ethics Committee (approval numbered 167). It was
carried out in accordance with the Declaration of Helsinki and
registered at ClinicalTrials.gov (Registration number: NCT****
). Research information was explained verbally and written to
participants and their families/caregivers. A consent form was
signed by the families/caregivers of the participants who agreed
to participate in the study.

All patients enrolled in the study were informed that they
should use the modified Cheneau type asymmetrical brace for
20 hours a day (full-time use). Cheneau-type braces are designed
specifically for the curve pattern, skeletal maturity, flexibility, and
structural component of the individual. With an asymmetrical
design of braces, it applies torsional forces and three-point
compression systems to improve spinal alignment in all three
planes [9]. Patients were asked to record their wearing times in
the “Brace Diary”. In the 8th week, the information obtained from
the diary and approved by the parents were recorded as research
data. The patients who had chronic respiratory diseases, smoking,
and professional athletes, who did not perform the exercises
regularly and did not compliance the brace did not enroll in the
study.

The exercise protocol was defined for 60 minutes, 5 days a
week, as recommended in the literature [10]. Exercises which
specific to the patients’ curve type were taught by a certified
experienced Schroth therapistto the patient. The Schroth method is
an evidence-based exercise methodology developed by Katharina
Schroth in Germany. Schroth exercises include asymmetric trunk
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exercises with rotational breathing. In this way, it is based on
the reorganization of muscle imbalance due to rotational forces
associated with scoliosis through sensoriomotor and kinesthetic
stimulation [11,12]. It also includes posture training that will
help individuals with scoliosis maintain the correct posture
in their daily activities The exercises were performed with a
physiotherapist once a week for the first 4 weeks, while the other
sessions were performed as a home program and the application
of the exercises was checked by the therapist. The frequency of
the exercises of the patients was checked by the “Exercise Diaries”,
and the patients who achieved 85% compliance with the program
were included in the Brace & Exercise group.

Height, sitting height, weight, body mass index (BMI), gender,
Tanner and Risser stages, type, and degree of the curve were
recorded as demographic and clinical data. Patients’ maturity was
determined at the beginning of the treatment according to Risser
and Sanders stages as recommended in the literature [13]. The
Risser classification is the grade of skeletal maturity based on the
level of ossification and fusion of the iliac crest apophyses. Risser
divided bone ossification and fusion levels into 6 different groups.
Patients in the lower stage are assumed to be immature in terms of
ossification and fusion level, while higher stages indicate that the
patients are mature in terms of bone structure. Stage 0 describes
an x-ray on which no ossification center is seen in the apophysis,
whereas Stage 5 represents complete ossification and fusion of
the iliac apophysis. Risser 0-2 are considered immature. Sanders
classification is the degree of ossification of the physis in both the
metacarpals and phalanges as a marker of skeletal maturity. It
consists of 8 stages and patients with Sanders 0-6 are considered
immature [14]. The respiratory functions of the patients in both
groups were obtained at the beginning and 8" weeks of the
treatment using a handheld type spirometer (SP10W, Contec). For
spirometric measurement, the patient was seated in an upright
position in a chair without armrests and positioned with the feet
in contact with the ground. The procedure was demonstrated by
a physiotherapist. Afterwards, for the measurement process, a
clip was placed on the patient’s nose to keep the nostrils closed.
The device was placed in the patient’s mouth, they were asked
to take a deep breath and give it to the device with maximum
force. Measurements were repeated three times and the highest
measurement value accepted for the respiratory function data.

Results

Twenty-four AIS patients enrolled in the study and ten
patients were in the “Brace” group and fourteen patients were
in the “Brace& Exercise” group. The mean age of the Brace group
was 12.0+1.15, and the Brace & Exercise group was 12.42+1.22.
The distribution of the demographic and clinical features of the
patients was similar (Tables 1 & 2). The mean brace wearing
time of groups were 21.40 1,35 and 20,79 +1,12 in Brace and
Brace & Exercise groups respectively. There was not statistically
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difference in between groups in scope of brace wearing time
(p=0,20). Forced Vital Capasity (FVC), Forced Expiratory Volume
in One Second (FEV1) and Peak Expiratory Flow (PEF) values
were similar of patients at the beginning of treatment in both
groups, and there was no statistical difference. In the 8th week
of the treatment, although there was no difference between the

Table 1: Baseline characteristic of both groups.

groups in FVC and PEF values, there was a statistical increase in
FEV1 in Brace & Exercise group in the comparison between the
groups. The comparison of respiratory parameters of the groups
before and after treatment is shown in Table 3. In the 8" week of
the treatment, there was no difference in respiratory values in-
group comparison (Table 4).

Brace Group (n=10) Brace & Exercise Group (n=14)
Mean + SD Mean + SD
(Min-Max) (Min-Max) P
. 158.16 + 10.92 153.80 + 8.05
Height (cm) (136.0-172.5) (141.8-166.0) 0.18
. 45.14+7.80 4539+ 11.72
Weight (kg) (32.00-60.00) (30.05-78.05) 0.53
Body Mass Index 18.19 +3.61 19.23 +5.13
(13.60-25.19) (14.97-34.07) 1.00
. . 82.76 £ 4.02 76.95+11.22
Sitting Height (cm) (74.0-88.0) (40.8-85.5) 0.05
Tanner Stage 2.50+0.52 2.36x0.74 0.74
8 (2-3) (1-3)
. 0.50+0.70 1.07+1.14
Risser Stage (0-2) (0-2) 0.22
*Mann Whitney U test, p<0.05
Table 2: Distribution of curve location and Cobb degrees.
Brace Group (n=10) Brace & Exercise Group (n=14)
Mean + SD Mean + SD
(Min-Max) (Min-Max) P
Thoracic Curve 3 (%30.0) 11 (%78.6) i
Thoracolumbar Curve 5 (%50.0) 2 (%14.3) -
Lumbar Curve 6 (%60.0) 10 (71.4) -
. o 28.25°+£6.23 34.45° £ 8.40
Thoracic Cobb (20°-35°) (22°-45°) 0.17
o 26.40° £ 3.84 35.50 £6.36
Thoracolumbar Cobb (22°-32°) (31°-40°) 0.12
Lumbar Cobb° 26.83°+£7.11 31.80° £ 6.87 0.22
(20°-38°) (20°-42°) :
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Table 3: Brace and Brace & Exercise groups respiratory function test results.

At the begining of the treatment 8" week of the treatment
(t0) (t1)
Mean * SD Mean + SD Mean * SD Mean + SD
(Min-Max) (Min-Max) p* (Min-Max) (Min-Max) p*
FVC, FVC,, FVC, FVC,,
1.95+0.62 1.98 +0.28 0.837 2.03+£0.74 2.07 £0.32 0.558
(1.07-3.04) (1.41-2.46) (1.09-3.37) (1.60-2.79)
FEV1, FEV1, FEV1, FEV1,
*
1.84 £ 0.55 1.88+0.32 0.682 1.90 £ 0.59 2.01+0.26 0.000
(1.11-2.87) (1.20-2.41) (1.08-2.89) (1.55-2.44)
PEF, PEF,, PEF, PEF,,
4.57 +1.44 4.95+0.47 0.977 1.90 £ 0.59 2.24 £ 0.55 0.253
(1.97-6.04) (4.19-5.68) (1.08-2.89) (4.21-6.19)
B: Brace Group BE: Brace & Exercise Group
FVC: Forced Vital Capacity FEV1: First Second of Forced Expiration, PEF: Peak Expiratory Flow
* Mann- Whitney U test, p<0.05
Table 4: In-group comparison of respiratory values of groups at the beginning and the 8" week of the treatment.
BRACE GROUP BRACE & EXERCISE GROUP
(n=10) (n=14)
p* p*
FVCr, 2 O‘;VCBI74 1 9F6VC6044 2 OI;VCBISZ
+ + +
1.95 +0.62 e 0.221 e U 0.096
(1.07-3.04) (1.09-3.37) (1.07-3.04) (1.09-3.37)
FEVIL, 1904 059 1861 042 1964 42
1.84 £ 0.55 0.415 0.108
(1.11-2.87) (1.08-2.89) (1.11-2.87) (1.08-2.89)
PEF,, 4 6l;EF?55 4 4l;EF6098 4 9E;EF?10
+ + +
457 +1.44 e 0.878 oo o 0.074
(1.97-6.04) (2.03-6.94) (1.97-6.04) (2.03-6.94)

TO: Beginning of Treatment T1: 8" Week of Treatment
FVC: Forced Vital Capacity FEV1: First Second of Forced Expiration, PEF: Peak Expiratory Flow
* Wilcoxon test, p<0.05

Table 5: Correlations of respiratory parameters and clinical features.

Clinical Parameters P *r
Brace Wearing Time - FVC (T1) 0.004 -0.418*
Brace Wearing Time - FEV1 (T1) 0.026 -0.454*

p= Significance value, r= Spearman Correlation

p < 0.05, r < 0.60 level relationship

T1: 8" Week of Treatment
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In the correlation analysis between respiratory function
values and brace wearing time; There was a significant negative
correlation at r < 0.60 between 8th week of treatment and FEV1-
FVC values and brace wearing time (Table 5). The relationship
between respiratory parameters and brace wearing time of the
patients is shown in Table 5. The effect size was found to be d<0.2
in terms of brace wearing time (Cohen’s d<0.2) [15].

Discussion

In this study, it was determined that the use of braces did
not have a negative effect on respiratory functions in the short
term. Respiratory problems in AIS are related to the severity of
Cobb angle, age, comorbidities, and treatment methods. Also, the
pathophysiological changes thought to be caused by scoliosis on
the respiratory system are still controversial [13]. Despite early
studies related to scoliosis reported that pulmonary functions
are not significantly changed until the thoracic curve reaches
higher than 1002 however recent studies showed that pulmonary
function deficits occur in a substantial proportion of patients with
much smaller curves [16]. Alves et al. [17] reports that vertebral
rotation and thoracic cage deformity due to AIS cause respiratory
dysfunction by disrupting chest biomechanics. Previous studies
have shown that scoliotic patients have narrower rib cages than
non scoliotic patients. Also, trunk rotation and distortion of the
rib cage can cause alterations on diaphragm and intercostal
muscles that reduce the respiratory muscle capacity and muscle
weakness [17,18]. Johnstone [18] reported that the deterioration
of respiratory parameters in AIS patients with severe thoracic
curvature compared to healthy controls. Kusvuran [19] reported
that patients with AIS with mild/moderate curvature had lower
FEV1, FVC, and PEF values compared to healthy controls Kusvuran
etal. [19]. Similar to the study of Kusvuran et al. [19], it was found
that the respiratory values of the patients enrolled in this study, at
the beginning of the treatment respiratory values were lower than
the healthy controls. Another reason for respiratory problems
in AIS is associated with the use of rigid braces but the results
are still debated. Katsaris et al. [20] and Korovessis et al. [21]
reported that the use of a thoracolumbosacral orthosis (TLSO) in
AIS patients may cause compression on the thorax, decrease in
lung volume, and restrictive ventilation dysfunction.

Kennedy et al. [22] reported that there was a 26% decrease
in functional residual capacity (FRC) after TLSO is used, and that
FVC and FEV1 were also adversely affected. In this study, there
was no decrease in respiratory parameters at the 8th week in
patients who used full-time braces. This may be related to the
short-term effect as the asymmetrical design of the braces allows
expansion of the rib cage in all three planes. Gao et al. [23] found
a significant decrease in respiratory values after using the TLSO
model rigid brace for 6 months. Yu et al. [24] deterioration of
respiratory parameters after 17.5 months of follow-up, Willers et
al. [25] reported a decrease in vital capacity and adverse effects

on lung functions after rigid brace treatment with 8.5 years of
follow-up. Contrary to all this, Gao et al. [23] like this study, did not
find a significant decrease in respiratory parameters at the end of
4-week follow-up of patients using rigid braces. Sevastikoglou et
al. [26] and Barrios et al. [27] did not find a significant difference
in respiratory values after an average of 16 months of brace
use compared to healthy controls. Although several studies in
literature assess the relationship of severity of AIS and pulmonary
functions, to our knowledge, there are few studies examining the
relationship between the use of asymmetrical rigid braces and
respiratory functions in short and long-term follow-up. Some
studies showed a decrease in FRC, total lung capacity (TLC),
vital capacity (VC), and maximum voluntary ventilation (MVV)
in patients who use the rigid brace. According to Yagci et al. [28]
TLSO type brace used in AIS patients caused a decrease in FEV1,
VC, FVC, MVV, and PEF even after using the brace. Katsaris et al.
[20], a decrease in VC, RV, FRC, TLC, and FEV1 after 10 minutes of
use of a Boston type rigid brace and Ran et al. [29] a decrease in
FVC and FEV1 after use of a Boston type brace have been reported.

The common trait of these studies is that a rigid brace that
has a symmetrical design was used in the treatment of patients
with AIS. In this research, there was not any deterioration in
respiratory values in both groups according to the beginning of the
brace treatment. The main difference between the results of this
research and the literature is that the braces used in this study are
the asymmetric Cheneau type braces. Cheneau type braces have
expansion space, allow chest expansion, and enable asymmetric
rotational breathing. Classic TLSO’s or Boston type braces have
a symmetrical biomechanical design and do not provide this
advantage for chest expansion. As a result of the insufficient
expansion of the lungs, inability to maintain thoracic cage
mobility, and inability to perform rotational breathing effectively
in relation to this, a decrease in respiratory parameters may have
been found in both instant and short-term use. Schroth exercises
are a treatment method that includes 3-dimensional, rotational
deep breathing exercises. Otman et al. 3] followed 50 AIS patients
by Schroth exercises 5 days a week for 6 weeks, and they found an
increase in VC and respiratory muscle strength in the patients at
the end of the treatment. Moramarco et al. [30] found significant
changes in VC and Maximum Expiratory Pressure (MEP) values
in the Schroth group of 8-week follow-up. In this study, there
was no significant difference between the groups in respiratory
values except FEV1 at the end of the 8-week follow-up (Table 3).
Gao et al. [23] followed their patients as brace (n=22) and brace-
exercise (n=23) groups and reported significant increases in FVC
and FEV1 in the brace and exercise group at the 6th month results.
In this study, the increase detected only in FEV1 was associated
with Schroth exercises were based on forced inspiration and
expiration. It should also be considered that the increase in FEV1
alone may be the result of the short-term effect of exercise. In
our study, there was a moderate negative correlation between
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brace wearing time and FVC-FEV1 values at the 8" week of the
treatment (r=-0.418 and r=-0.454, respectively) (Table 5).

Despite this negative correlation, the absence of difference in
respiratory parameters in the groups (except FEV1 value in Brace
& Exercise group) at the beginning and 8" week of the treatment
was associated with the mean and standard deviation values of
the groups were close and the effect size was small. Gao (2019)
found a decrease in FVC and FEV1 values and similar to that, Ran
[29] found a decrease in %FEV1 value in patients with AIS patients
with using full-time braces Gao et al. [23]; Ran et al. [29]. Yagci et
al. [28] reported an increase in the perception of dyspnea in AIS
patients who using brace and it was associated with decreased
FEV1, FVC, and FEV1/FVC Yagci et al. [28]. In our study, it was
revealed that FVC and FEV1 decreased compared to the initial
values of treatment at the 8th week of the treatment. Although
this relationship was obtained in correlation analyses, it could not
be statistically demonstrated. This situation is associated with the
number of samples, and a negative correlation between wearing
time and expansion is more affected by this situation. However, it
was also obtained that the asymmetrical brace used in our study
affected respiratory values less than the symmetrical braces.

This study has some limitations. The most important
limitation of this study is the small sample size because the study
was conducted during the Coronavirus pandemic period. This was
an important reason for this process is that patients abstain from
treatment during the pandemic. Another limitation of the study is
that the participants could not be blinded to the interventions due
to ethical conditions. In AIS treatment, brace and exercise therapy
are recommended together during the rapid growth period.
Therefore, these treatments were offered to both groups.

Conclusion

In this study, it was determined that the use of a full-time
brace did not cause a deterioration in respiratory values, and
performing Schroth exercises during the follow-up period could
have a positive contribution to FEV1. It is thought that the negative
effects of a rigid brace on respiration in AIS can be prevented by
Schroth exercises and asymmetric braces.
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