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Abstract. – OBJECTIVE: To detect the effect 
of the Schroth method added to the Gensingen 
brace for six months on Cobb’s angle, axial rota-
tion of the trunk, and pulmonary function in ado-
lescent idiopathic scoliosis.   

PATIENTS AND METHODS: The study fol-
lowed a prospective, single-blinded, random-
ized controlled trial design following the CON-
SORT guidelines. The study was conducted in 
Health and Rehabilitation Centre. 42 males aged 
10-18 years old, diagnosed with adolescent id-
iopathic scoliosis (AIS) with curves of 35-40°, 
were recruited and then were allocated into three 
groups: Group A, Group B, and Group C. 

RESULTS: Significant improvement (p < 0.001) 
in Cobb’s angle and the axial rotation of the 
trunk (ART) were noted after the treatment in the 
three groups, while pulmonary function showed 
better results in Group A (p < 0.001) when com-
pared to the two other groups p ≥ 0.000). 

CONCLUSIONS: Six months of Schroth meth-
od added to Gensingen Brace demonstrate fa-
vorable results in Cobb’s angle, thoracic trunk 
rotation angle, and pulmonary function in ado-
lescent idiopathic scoliosis.

Key Words:
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brace.

Abbreviations
Adolescent Idiopathic Scoliosis: AIS; Schroth Method: 
SC; Gensingen brace: GB; Activities of daily living: 

ADL; Scoliosis Orthopedic and Rehabilitation Treat-
ment: SOSORT; Posterior Anterior: PA; Forced expira-
tory volume in one second: FEV1; Forced vital capacity: 
FVC; Maximum voluntary ventilation: MVV.

Introduction

Idiopathic scoliosis is a type of spinal defor-
mity that commonly occurs in adolescents1, with 
no significant identifiable causes in a child who is 
considerably healthy2. It is further referred to as 
the three-dimensional deformity, where the spine 
naturally bends3. Patients with idiopathic scoli-
osis outcomes are enhanced by early detection 
and treatment4. Adolescent idiopathic scoliosis 
(AIS) is the most common form of scoliosis, af-
fecting approximately 2% to 4% of adolescents5. 
Weinstein6 outlined that the diagnosis of scoliosis 
is confirmed through an X-ray of the full spine, 
while the patient standing in full position. It is also 
of utmost significance to consider the importance 
of bone density, especially in young patients. In 
one of the recent studies, Weiss et al7 study ex-
plains that alteration of the neuromuscular system 
(neuromuscular scoliosis), alterations of soft tis-
sue (Marfan’s syndrome and Ehlers-Danlos syn-
drome), alterations of the nervous system (neu-
rofibromatosis), failure of formation of vertebrae 
and ribs (congenital scoliosis) is the major cause 
which leads to Scoliosis. In this context, a study 

European Review for Medical and Pharmacological Sciences 2023; 27: 601-610

S.A. MOAWD1,2, G. NAMBI1, A.E. EL-BAGALATY3, S.M. HASSAN4,5, 
S.E.B. ELSAYED6, F.M. ABOELMAGD2,7, N.A. ALHWOAIMEL1, H.A. ABDEEN2

1Department of Health and Rehabilitation Sciences, College of Applied Medical Sciences, 
 PrinceSattam Bin Abdulaziz University, Al-Kharj 11942, Saudi Arabia
2Department of Physical Therapy for Cardiovascular/Respiratory Disorders and Geriatric, 3Department
 of Physical Therapy for Pediatrics, Faculty of Physical Therapy, Cairo University, Giza, Egypt
4Department of Physical Therapy, Cairo University Hospitals, Cairo University, Cairo, Egypt
5Department of Physical Therapy, College of Medical Rehabilitation, Qassim University, Buraidah, Saudi Arabia
6Department of Basic Science, Faculty of Physical Therapy, Cairo University, Giza, Egypt
7Department of Physical Therapy for Internal Medicine, Faculty of Physical Therapy, Sinai University,
 Kantara Campus, Kantara, Egypt

Corresponding Author: Samah Alsaid Moawd, MD; e-mail: s.mohamed@psau.edu.sa

Combined effect of Schroth method and 
Gensingen brace on Cobb’s angle 
and pulmonary functions in adolescent 
idiopathic scoliosis: a prospective, 
single blinded randomized controlled trial

RE
TR

ACT
ED



S.A. Moawd, G. Nambi, A.E. El-Bagalaty, S.M. Hassan, S.E.B. Elsayed, et al

602

by Carfi et al8 evaluated the data on bone miner-
al density (BMD) from a large cohort of adults 
with Down syndrome. It was found that BMD 
decreased with age more quickly in these sub-
jects than in the general population, exposing the 
adults with Down syndrome to an increased risk 
of osteoporosis and bone fracture. 

It has been identified9 that AIS has a long-stand-
ing described history of back pain patients with 
severe curves have a high prevalence than normal 
subjects and are exposed to minor disabilities. In 
Chik and Weiss10 2020 study, the majority of sco-
liotic curves are called idiopathic, but the reasons 
are not identified yet. Scoliosis can be symptom-
atic or syndromic scoliosis, the curve may appear 
very individual, sometimes bizarre, in idiopath-
ic scoliosis, there are certain curve patterns that 
regularly occur10. It further initiates the develop-
ment of restrictive lung disease with decreased 
lung volumes11. The movement of the ribs is also 
affected by scoliosis which develops a mechan-
ical loading on the respiratory muscles and puts 
various organs of the thoracic cavity out of their 
places. Besides, it decreases the chest wall com-
pliance directly and the lung compliance indirect-
ly, causing an increase in the work of breathing. 
The associated respiratory muscle weakness may 
lead to chronic respiratory failure3.

Clinically, the analysis of the problem is held 
through Cobb’s angle analysis method where ex-
aminations related to the size of the lateral bending 
are undertaken radiographically. The observations 
held through this method vary depending on the 
Cobb’s angle, such as in minor scoliosis, where 
Cobb’s angle is less than 20° and is treated through 
periodic observation, whereas scoliosis with 
Cobb’s angle of 20°-40° is treated by wearing an 
orthosis resulting in restricting the progress. How-
ever, in cases where Cobb’s angle is greater than 
40°, surgery is recommended3. The Schroth Meth-
od (SC) is another conservative technique that im-
proves patients’ awareness of their deformity and 
promotes self-correction in a three-dimensional 
approach. It consists of sensorimotor, postural, and 
respiratory exercises purposed at the realignment 
of normal postural, static/dynamic control of pos-
ture, and stability of the spine12. 

Mohamed and Yousef13, in their randomized 
controlled study, declare that a significant decrease 
in Cobb’s angle and right total static plantar pressure 
with a significant increase in left total static plantar 
pressure post-treatment was noted with a higher ef-
fect and six-minute walk test with a decrease in the 
angle trunk rotation in the Schroth group13.

Recently, the Gensingen brace (GB), is pre-
ferred for the management of scoliosis to correct 
individual curves with a specific brace for each 
treated patient and restore an appropriate re-
alignment in the sagittal plane. Besides, this new 
brace method promises a reduced impediment to 
quality of life in patients suffering from scoliosis, 
especially AIS14. It is stated that GB provides an 
acceptable correction of more than 50% of the ini-
tial Cobb’s angle15.

Many studies16-18 have focused on the effec-
tiveness of SC and Gensingen brace, but none of 
them have focused on the combined effect of both 
methods in treating patients with AIS. Therefore, 
research is required to determine the effective-
ness and protocols of bracing in managing adult 
scoliosis patients, particularly those with thora-
columbar curves such as no objective criteria or 
clear indications concerning the prescription of 
the types of braces, daily wearing time, and dura-
tion of the intervention for adult scoliosis19.

The study aims to draw out the combined ef-
fect of SC and Gensingen brace on Cobb’s angle 
and pulmonary functions in AIS patients.

Hypothesis
Based on the study, the following hypothesis 

is tested: the combination of Schroth exercise and 
Gensingen brace is effective in decreasing Cobb’s 
angle and improving pulmonary function (VC, 
FVC, FEV1, FEV1/FVC, and MVV) in patients with 
AIS.

Patients and Methods

Trial Design
This study is a prospective, single-blinded, 

randomized controlled trial, conducted following 
the CONSORT guidelines. The study was con-
ducted in Health and Rehabilitation Centre. 

Study Population and Sample
The eligible participants were selected in the 

physical therapy department by a trained physio-
therapist according to the selection criteria. The 
flow chart of the participants in the study at vari-
ous durations is illustrated in Figure 1.

The sample of this study involved forty-two 
adolescents with idiopathic scoliosis, which were 
divided into three groups in a 1:1:1 ratio using a 
computer random assignment method i.e., Group 
A (n=14), Group B (n=14), and Group C (control 
group) with n=14 participants. The selection of the 
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participants was based on the inclusion and exclu-
sion criteria, which involved male adolescents with 
idiopathic scoliosis (AIS) diagnosed by an orthope-
dician, aged between 10 and 18 years, with starting 
Cobb’s angle between 35 °-40°, no history of any 
orthotics application, no previous spine corrective 
surgeries and consent to participate in the study. 
The participants with Riser signs for more than 
four weeks, congenital defects, metabolic diseases, 
neuromuscular disorders, trauma, and not willing 
to participate were excluded.

Interventions
Participants in Group A were treated with 

Schroth Method and Gensingen brace. In the 
first method, they were asked to follow certain 
exercises which included a series of training and 
supervised protocols for a period of six months. 
The intervention began with one hour of personal 
training for the initial two weeks every day fol-
lowed by a weekly training of an hour. The exer-
cises were given in a three-dimensional approach 
which consisted of the elongation of the spine, 
alignment of the pelvis, rotation of the thorax, and 
correction of the shoulder. The training further 
included different breathing patterns in lying, sit-
ting, and standing positions. 

This set of exercises also involved postural cor-
rection and modifications to obtain the ideal body 
alignment through their activities of daily living 
(ADL). The primary focus was on sensorimotor, 
breathing, and postural domain and the improve-
ment of the spine stability. The protocol took special 
care of the movements required, the amount of pas-
sive support involved and the dosage recommended. 
Any compliance raised by the participant was not-
ed in the logbook and verified weekly by a treating 
physiotherapist. The exercise performed each day 
was checked using a checklist. The attendance and 
performance of exercise during the course of the 
treatment were monitored continuously.

Participants in this group also received a Che-
neau Gensingen Brace™ (Scoliosis Bracing In-
novations, Gensingen, Germany) if the bracing 
criteria were met. It can be applied at all stages 
of scoliosis and provides a 3D correction effect. 
It helps improve the posture of the participant 
with a more balanced appearance. The presence 
of expansions at the concavities decreases fur-
ther spine rotation and induces spine correction. 
It has an open hip design which provides free hip 
and pelvic motions. The application of the brace 
did not crush the chest region and allowed free 
breathing. This brace was easy to wear, take off, 

Figure 1. Flow Chart showing 
the study details.
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breathe, eat and do other activities. Its positive ef-
fect on participants was its customized design ac-
cording to the patient’s curve pattern through its 
3D scanning technology. It was recommended for 
patients with Cobb’s angles of 45°, 50°, and more 
than 55º and it should be worn as indicated in the 
guidelines of society on scoliosis orthopedic and 
rehabilitation treatment (SOSORT)20.

Group B only received the Gensingen brace ap-
plication, while Group C received controlled con-
ventional scoliosis exercises. These were specific 
exercises that are taught to patients with scoliosis. 
The exercises were pelvic tilt, cat-camel, dou-
ble-leg abdominal press, and single-leg stance. Ini-
tially, the exercises were demonstrated by the ther-
apist, and the subjects practiced in the presence of 
the therapist, and the clarifications were rectified. 

These home-based exercises were printed in a hand 
manual in comprehensive language. The first part of 
the manual contains the do and don’ts during the study 
period. The next part of the manual contains different 
stretching and strengthening exercises for the back and 
chest muscles. They performed these exercises 10-15 
reps/day for 5 days per week for 6 months. Stretching 
was focused on each muscle group for 3 repetitions for 
15 seconds per muscle group21. In the study conduct-
ed by Weiss et al22, during the treatment of scoliosis, 
no significant side effects or risks have been noted for 
conservative treatment such as active physical rehabil-
itation techniques specific to scoliotic curve patterns.

Procedures Involved

Cobb’s angle
This angle was used to measure the degree 

of scoliosis on the posterior-anterior (PA) spinal 
X-ray. Based on the curve convexity they can be 
indicated as the right or left side. To obtain this 
angle we drew a parallel line respectively at the 
upper and lower vertebra endplate lines and a ver-
tical line from the parallel line that makes Cobb’s 
angle. This method of measurement has good in-
tra-rater and inter-rater reliability23.

Scoliometer
The axial rotation of the trunk (ATR) was 

measured with a scoliometer (Ockendon Part-
ners Ltd., Shrewsbury,  UK) in idiopathic sco-
liosis. The participants were asked to stand in 
a forward flexion position, while a scoliome-
ter was placed over the spinous process, where 
maximum rotation of the spine occurs. It showed 
good to excellent reliability measurements in id-
iopathic scoliosis23.

Pulmonary function test
The pulmonary values such as Forced vital ca-

pacity (FVC), forced expiratory volume (FEV1), 
FRC/TLC, and Maximum voluntary ventilation 
(MVV) were measured by using the device Quark 
PFT (COSMED, Germany) . The patient was asked 
to sit in a comfortable position and the mouthpiece 
was connected firmly to inspire air at maximum ef-
fort and then expire it with maximum strength. The 
maneuver was repeated 10-12 times and the average 
of the best three values was considered for analy-
sis24. No changes happened throughout the method-
ology after the recruitment of the participants.

Sample Size
A pilot study was conducted to detect a 0.5% 

difference in the primary variable (Cobb’s angle), 
a study with two parallel arms and three mea-
surement time-points, an α of 0.05 and a power 
of 0.8, and a sample size of 12 in each group were 
calculated. Assuming 10% dropouts, this implies 
that a total pool of 14 participants in each group 
was included in the study. G*Power version 3.1.2 
(Heinrich Heine Universität Düsseldorf, Düssel-
dorf, Germany) was used for these calculations.

Blinding
The treating therapists and participants could not 

be blinded when providing or performing the differ-
ent training protocols. However, participants were 
asked not to disclose their group allocation to ensure 
the blinding of the outcome assessor. The outcomes 
were measured at baseline, after six months and 
eight weeks. The biostatistician who conducted the 
data analysis was not aware of the data coding.

Statistical Analysis
All demographic characters and outcome mea-

sures were presented in form of means ± standard 
deviations. Changes in the variables among the three 
groups were assessed using ANOVA, while pre-post 
changes within each group were assessed using re-
peated measures ANOVA. p < 0.05 indicates signif-
icant changes. All data were statistically analyzed 
using SPSS v. 25 (IBM Corp., Armonk, NY, USA).

Results

Final Sample After Six Months
Out of 42 participants, 38 patients were con-

sidered as the final sample and were divided as 
follows: 13 in Groups A and B each, while 12 in 
Group C as only these patients have completed 
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the treatment program within six months of fol-
low-up. The basic demographic variables such as 
age, height, weight, and BMI did not show any 
significant difference between the groups (p ≥ 
0.05) at baseline (Table I).

Cobb’s Angle
Patients were 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 or-

der to obtain reliable radiological images of the 
deformation. The baseline data on Cobb’s angle 
was collected by using posters anterior X-ray 
scores among Groups A, B, and C. While, no sta-
tistical differences (p ≥ 0.05) were detected. The 
intra-group analysis at various durations showed 
significant changes in Group A and Group B (p 
< 0.001) after different exercise training. Over 
eight weeks of different training (Schroth Meth-
od, Gensingen brace, and home-based exercise) 

Table I. Demographic details of Group A, B and C.

*Non-Significant, BMI; body mass index

S. No.	 Variable	 Group A	 Group B	 Group C	 p-value
	
    1	 Age (y)	 13.5 ± 1.2	 13.8 ± 1.5	 14.1 ± 1.2	 0.485*
    2	 Height (m)	 1.48 ± 0.14	 1.47 ± 0.16	 1.49 ± 0.15	 0.939*
    3	 Weight (kg)	 42.2 ± 1.8	 41.8 ± 1.7	 42.8 ± 1.9	 0.345*
    4	 BMI (kg/m2)	 16.4 ± 0.8	 15.9 ± 0.7	 16.2 ± 0.7	 0.206*

Table II. Pre and post analysis of Group A, B and C.

*Non-Significant, **Significant, TLC; total lung capacity, FVC; forced vital capacity, FEV1; forcrd expiratory volume in one 
second, MVV; Maximum voluntary ventilation

S. No	 Variable	 Duration	 Group A	 Group B	 Group C	 p-value
	
    1	 Cobb’s angle	 Base line	 36.3 ± 2.4	 37.2 ± 2.3	 36.2 ± 2.3	 0.465*
	 (degree)	 8 weeks	 30.8 ± 2.2	 33.8 ± 2.3	 34.8 ± 2.3	 0.001**
		  6 months	 25.6 ± 1.8	 30.3 ± 2.1	 32.3 ± 1.9	 0.001**
		  p-value	 0.001**	 0.001**	 0.00**	
    2	 Axial Rotation of Trunk	 Base line	 4.5 ± 1.4	 5.2 ± 1.3	 4.9 ± 1.3	 0.388*
	 (Scoliometer)	 8 weeks	 10.8 ± 2.2	 7.6 ± 1.9	 5.8 ± 1.5	 0.001**
		  6 months	 14.6 ± 2.2	 9.3 ± 1.8	 6.3 ± 1.6	 0.001**
		  p-value	 0.001**	 0.001**	 0.001**	
    3	 Pulmonary Function 	 Base line	 86.3 ± 5.4	 87.2 ± 5.3	 86.7 ± 5.1	 0.902*
	 TLC (% predicted values)	 8 weeks	 91.8 ± 3.7	 89.8 ± 3.9	 87.8 ± 4.1	 0.034**
		  6 months	 95.8 ± 4.2	 92.3 ± 4.3	 88.3 ± 3.3	 0.001**
		  p-value	 0.001**	 0.018**	 0.596**	
	 FVC (% predicted values)	 Base line	 76.3 ± 5.4	 77.2 ± 5.3	 76.8 ± 5.1	 0.902*
		  8 weeks	 82.8 ± 4.1	 81.8 ± 4.2	 78.8 ± 4.3	 0.042**
		  6 months	 90.6 ± 4.8	 84.3 ± 4.3	 79.4 ± 4.1	 0.001**
		  p-value	 0.001**	 0.001**	 0.292**	
	 FEV1 (% predicted values)	 Base line	 78.8 ± 7.8	 79.4 ± 6.9	 76.2 ± 7.3	 0.478*
		  8 weeks	 85.8 ± 6.1	 82.6 ± 6.17	 79.8 ± 6.2	 0.042**
		  6 months	 96.5 ± 7.2	 88.8 ± 7.3	 82.3 ± 7.3	 0.001**
		  p-value	 0.001**	 0.002**	 0.078**	
	 FEV1/FVC (%)	 Base line	 44.3 ± 4.3	 45.8 ± 4.6	 46.2 ± 5.3	 0.542*
		  8 weeks	 56.2 ± 5.4	 48.3 ± 4.7	 47.8 ± 4.8	 0.001**
		  6 months	 61.3 ± 6.3	 52.6 ± 5.4	 48.2 ± 4.9	 0.001**
		  p-value	 0.001**	 0.001**	 0.540**	
	 MVV (l/min)	 Base line	 125.2 ± 9.8	 124.9 ± 9.7	 126.2 ± 9.3	 0.932*
		  8 weeks	 136.8 ± 9.5	 128.6 ± 9.4	 126.8 ± 9.4	 0.017**
		  6 months	 142.5 ± 9.2	 135.4 ±10.3	 128.3 ± 9.6	 0.001**
		  p-value	 0.001**	 0.006**	 0.832**	RE
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protocols, a significant difference between Group 
A (p < 0.001), Group B, and C at eight weeks and 
six months follow-up (Table II) was detected. The 
graphical representation showed more percentage 
of improvement in Cobb’s angle in Group A in 
comparison with Groups B and C (Figure 2). 

Scoliometer
The baseline data on an axial rotation of the 

trunk by using scoliometer scores among Groups 
A, B, and C showed no statistical difference (p 
≥ 0.05). The intra-group analysis at different du-
rations showed significant changes in Group A 
and Group B (p < 0.001) after different exercise 
training. Over eight weeks of different training 
(Schroth Method, Gensingen brace, and home-

based exercise) protocols, a significant differ-
ence among Group A (p < 0.001), Group B, and 
C at eight weeks and six months follow-up was 
detected (Table II). The graphical representation 
showed more percentage of improvement in axial 
rotation of the trunk in Group A than in Groups B 
and C (Figure 3).

Pulmonary Function (PFT)
The baseline data on pulmonary function 

(VC, FEV1, FRC/TLC and MVV) scores among 
Groups A, B, and C showed no statistical dif-
ference (p ≥ 0.05). Over eight weeks of differ-
ent training (Schroth Method, Gensingen brace, 
and home-based exercise) protocols, a signifi-
cant improvement in pulmonary function (VC, 
FEV1, FRC/TLC & MVV) among groups (p < 
0.001) at eight weeks and six months follow-up 
was observed (Table II). The graphical represen-
tation showed more percentage of improvement 
in pulmonary function (VC, FEV1, FRC/TLC & 
MVV) in Group A than in Groups B and C (Fig-
ure 4). The whole analysis shows a little tendency 
towards greater gain towards Group A than the 
other two groups. 

Discussion

This prospective, single-blinded, randomized 
controlled trial evaluated the effectiveness of the 
Schroth exercise in combination with the Gensin-
gen brace on Cobb’s angle, axial rotation of the 
trunk, and pulmonary function (VC, FVC, FEV1, 
FEV1/FVC, and MVV) in adolescent idiopathic 
scoliosis. We hypothesized that Schroth exercise 
added to Gensingen brace could have useful ef-
fects on reducing Cobb’s angle, axial rotation of 
the trunk, and improving pulmonary function 
(VC, FVC, FEV1, FEV1/FVC, and MVV) among 
those adolescents. The study findings supported 
the hypothesis and showed that Schroth exercise 
added to the Gensingen brace decreased Cobb’s 
angle significantly and further improved pulmo-
nary function (VC, FVC, FEV1, FEV1/FVC, and 
MVV) in patients with AIS. 

Findings of the current study suggested sig-
nificant improvements with respect to the per-
centages of the improvement in Cobb’s angle in 
Group A, which followed the combination of both 
techniques. A significant improvement in the pul-
monary function, and axial rotations of Group A 
at eight weeks and six months of follow-up were 
also observed. Since several treatments have been 

Figure 2. Mean values of Cobb’s angle of Group A, B and C.

Figure 3. Scoliometer Scores of Group A, B and C.
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suggested25,26 for adolescent idiopathic scoliosis 
(AIS) such as surgical treatment, bracing, electri-
cal stimulation, and physical activities25, bracing 
for AIS, is preferred to enhance specificity con-
sidering the adolescent curve pattern and keep-
ing a proper sagittal reposition of the deformed 
spine26. Another important reason for bracing is 
to avoid the curve progression, minimizing the 
surgical correction of scoliosis for better cosmet-
ic appearance. Additionally, PAs, are significant 
during the development to postpone or stop the 
need for an alternative brace as well as to keep 

scoliosis likely lesser than 30°27. In one study28 
according to the Progression factor calculation, a 
ten-year-old girl with a 20° Cobb’s angle and a 
Risser sign of 0 would have a progression factor 
of 2. The correlating chart indicates a 90% risk of 
progression in a fifteen-year-old girl with a 20° 
Cobb’s angle who might typically be 2.6 years 
postmenarcheal and a Risser 4, whereas in some 
of the cases, the progression factor is 0.53 which 
indicates little risk for progression29. It is proved 
that PAs have an encouraging effect on AIS by 
enhancing lung function, increasing strength, and 

Figure 4. Mean values of Total lung capacity (TLC), vital capacity (VC), forced expiratory volume in one second (FEV1), 
functional residual capacity/total lung capacity (FRC/TLC) & maximal voluntary ventilation (MVV) of Group A, B and C. 
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improving postural balance. Therefore, PEs could 
be recommended in AIS 930. 

The Schroth exercise on the other hand is high-
ly acknowledged for improving the vital capacity 
in adolescents with idiopathic scoliosis. The main 
goal of the Schroth technique is to give powerful 
treatment to those patients through its treatment 
approach which incorporates both concentrat-
ed inpatient rehabilitation and private outpatient 
physiotherapy31. Otman et al32 executed Schroth 
exercises for 30 sessions, four hours each, fol-
lowed by 90 minutes of home exercise each day 
for 50 adolescent patients with right thoracic sco-
liosis and concluded a 2.65° reduction in Cobb’s 
angle after six weeks, 6.85° after six months, and 
to 8.25° after one year. Furthermore, Borysov 
and Borysov33 applied the Schroth exercise and 
evaluated Cobb’s angle by a scoliometer, which 
was significantly decreased to 2.4°. This comes 
in agreement with the current study which stat-
ed that there is an improvement in Cobb’s angle 
following six months of training and supervised 
protocols.

The magnitude of the axial rotation of the 
trunk significantly relies upon Cobb’s angle and 
longitudinal axial rotation of the apical vertebrae, 
the higher Cobb’s angle, the greater the rotation 
angles34. Additionally, the trunk rotation angle di-
minished when the acromion of the rib was turned 
to the opposite side by 3D rotational breathing 
during the Schroth exercise. This 3D rotational 
breathing permitted the exercise to become more 
3-dimensional, which expanded the narrowed 
thoracic cage35. The current study showed sig-
nificant improvements in the axial rotation of the 
trunk in all groups (Figure 4). AIS patients suffer 
from respiratory dysfunction as a result of chest 
wall abnormalities. Thoracic rigidity and size are 
also affected by the abnormal configuration of the 
ribs36. All these abnormalities could impair respi-
ratory mechanics27. The effectiveness of Schroth 
exercises is significant here, as it increases rib 
movements and vital capacity while improving 
the flat back by increasing the sagittal breathing 
exercise27. The present study showed significant 
enhancement in respiratory function for the first 
group specifically.

Several scholars36 exhibited positive results of 
Schroth exercises on breathing function, curve 
progression, and surgical need. Recently, Soum-
agne et al21, concluded that after 6-month of the 
randomized controlled trial (RCT) that compared 
the viability of a supervised to non-supervised 
Schroth intervention in patients with AIS, the su-

pervised Schroth exercises showed better results 
in reducing Cobb’s angles, scoliometer measures, 
waist asymmetry, and rib hump as compared to 
non-supervised and no-treatment groups after six 
months’ study period. Another study by Kim and 
Hwangbo3 proposed similar findings, where pa-
tients did Schroth exercises for twelve weeks three 
times a week. Significant improvements were ob-
served in terms of improved trunk inclination, 
Cobb’s angle, and vital capacity. These findings 
are in agreement with the results proposed in the 
current study.

With regard to the benefits of the Gensingen 
brace, significantly positive results were obtained 
in this study when used in combination with oth-
er exercises. Rothstock et al37 examined that 3D 
whole-body scanners can be applied for tests, 
which are used for trunk measurement in prepara-
tion for a brace, which is the newest development. 
When using these scanners for suitable measured 
values, clinical progress monitoring can be con-
ducted at the same time that the patient’s mea-
surements are obtained for providing a brace. In 
the future, specialist practices will offer to mon-
itor patients’ surface topography with spinal de-
formities and its multifunction37.

Karalar et al38 in their study examined the ef-
fectiveness of Gensingen brace treatment in pa-
tients with AIS. According to the findings, the 
overall success rate of the Gensingen brace was 
48%, while no significant association was found 
between the patient’s age, gender, and Risser grade 
with the success rate of the treatment outcomes. 

Another study by Weinstein et al35 provided 
similar results, as the use of Gensingen brace 
in conservative brace treatment was successful 
in 92% of patients with AIS. The present study 
showed a prominent effect by adding Gensingen 
brace to treatment intervention for AIS in both 
the first and second groups.

Study Limitations
The study had a limited number of subjects 

with AIS and less time available for those patients 
to join the study because most of them were school 
students. In addition, the effect of treatment pro-
cedures on back pain was also not evaluated.

Conclusions

The current study focused on the treatment 
outcomes of Gensingen brace and Schroth Meth-
od when used in combination for patients with 
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AIS. The influence was majorly recorded for im-
proving Cobb’s angle and pulmonary functions. 
The comparison among the three groups provided 
comparable results, however, better results were 
obtained for Group A which used Schroth Method 
and Gensingen brace in combination. The results 
were significant for observations related to pul-
monary functions and the combined effect pro-
duced a favorable effect on adolescents suffering 
from idiopathic scoliosis.

The study findings may help clinicians in pro-
viding better treatment therapies for patients with 
AIS. They can be further implied in improving the 
quality of life of adolescents and can be used as 
a source of information for parents of adolescents 
in seeking guidance and support for the timely 
identification, diagnosis, and treatment of the dis-
ease. For future researchers, a study comparing 
the impacts of the Schroth exercise alone to detect 
its sole effect on scoliosis is recommended.
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