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ABSTRACT
Background: The Adolescent Idiopathic Scoliosis deformity manifests itself during the adolescent development spurt. 
On the other hand, adolescent therapy aims to lessen curve growth, thus reducing the likelihood of back discomfort, 
weakness, aberrant pulmonary function, and cosmetic diseases and improving quality of life. Schroth exercises 
(Rotational breathing exercises) consider the positioning of the entire body to establish a stable, corrected posture. The 
study aimed to determine the impact of adding rotational angular breathing exercises on the 1-year outcome of mild 
adolescent idiopathic scoliosis. The study's objectives were to assess the effect on daily living activities using short form 
36, assess the effect on respiratory functions using pulmonary function test, and find out the difference in respiratory 
functions.
Methods: Participants in the study were between the ages of 10 and 15 years (19 Male and 17 Female), diagnosed with a 
specific type of AIS, characterized by Cobb’s angle measurements less than 20° for curves in the thoracic region and less 
than 15° for curves in the thoracolumbar area. Cases of group 1 had undergone the specific breathing exercise protocol, 
i.e., Rotational angular breathing exercises; however, other groups followed conventional exercise therapy.
Results: A significant finding of this study is that parameters related to quality of life significantly improved in 
groups (p<0.01), with the test group showing more significant improvement than the conventional group. Following 
intervention, group 1 appeared with a significantly higher FVC (p=0.001*) of 2.63 ± 0.36 compared to the other group’s 
FVC of 2.19 ± 0.40. Also, group 1 showed significantly greater FEV1 (p=0.01*) and VC (p=0.002*) after intervention 
compared to group 2. 
Conclusion: It was observed that there was a notable improvement in HRQL parameters within the group 1 community. 
Significant variations in pulmonary function were also observed in this study between the groups, with group 1 showing 
a significant change in FVC, FEV1, and VC.
Keywords: AIS, Rotational angular breathing exercise, Health-related quality of life, Daily living activities, Schroth 
exercises.
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INTRODUCTION
Adolescent idiopathic Scoliosis (AIS) is a lateral spine 
curvature affecting teenagers between the ages of 10 and 
15. Its etiology is currently unknown. Cobb states that if 
the curvature is more than 10 degrees, the prevalence of 
AIS is two to three percent [1,2].
The exact cause of AIS remains unknown; however, 
potential causes include genetic and/or environmental 
factors [3]. Furthermore, although the trend of inherited 
sensitivity is unknown, family history is commonly linked 
to this. Perhaps the most accepted explanation available 
now is genetic heterogeneity [4].
The AIS deformity manifests itself during the adolescent 
development spurt. The deformity does not progress 
in most cases. But in others, it’s getting better. The 
development is more likely in prepubescent children than 
boys [5]. Adolescent therapy, on the other hand, aims to 
lessen curve growth [6], thus reducing the likelihood of 
back discomfort, weakness, aberrant pulmonary function, 
and cosmetic diseases and improving adult quality of life 
in the process.
Scoliosis might have varying effects on lung functions. 
There might not be any pain or other associated symptoms 
at first. The leading respiratory side effects are caused by 
restrictive airway disease, and often, the period of scoliosis 
reflects the severity of the patient’s disability [7].
Apart from patients at high risk of progression, it is 
necessary to identify outpatients with low risk of curve 
progression. Additionally, it is necessary to identify patients 
who only need follow-up care and those who should be 
referred for specific surgical treatments. Referring patients 
with low curve progression who are not suitable for 
referrals to the surgeon should be avoided as this may lead 
to anxiety, missed work and school time, and unintended 
radiation [8].
Various standard studies have been reviewed, but the 
report on the effectiveness of exercise therapy in treating 
AIS still showed a shortage of high-quality studies in this 
area  [9]. Suppose the thoracolumbar spine curve is less 
than 250 and the lumbar spine curve is less than 200. In 
that case, the exercises for AIS patients are more helpful in 
correcting abnormalities and improving their quality of life 
(QOL) [10].
Scoliosis-specific exercise regimens have been utilized in 
various European countries to treat idiopathic scoliosis in 
young people. However, there was a lack of  aligning the 
pelvis, rib cage, and spine to the “standard” anatomical 
positions in exercises [11].
Physiotherapy, mainly exercises, if implemented correctly, 
can stop the curve from progressing and reduce the 
requirement for braces. Also, scoliosis correction exercise 
has appeared to be a significant factor that improved lung 
function. In conjunction with a brace, exercises increase 
the effectiveness of therapy to the treatment by brace 
only  [12,13]. In patients with AIS, physical exercises 
resulted in notable improvements in respiratory muscle 

strength [14].
Effects of Schroth exercises on curve progression, 
topographic shifts, and Quality of life (QOL) in adolescent 
idiopathic Scoliosis (AIS) cases have shown great results. 
Schroth exercises are better for improving the overall 
quality of life of AIS cases, even during bracing. Therefore, 
these exercises positively impact treatment, especially 
on the QOL of patients [15]. The core and trunk are the 
focus of Schroth exercises and are specially targeted at 
positioning the entire body in such a manner to establish a 
stable, corrected posture. While maintaining good posture, 
the patient is taught to strengthen the spine muscles 
using the exclusive technique of the Schroth method i.e. 
corrective rotational breathing, also called rotational 
angular breathing (RAB) [16].
The current study aimed to determine the impact of 
adding rotational angular breathing exercises on the 1-year 
outcome of mild adolescent idiopathic scoliosis (curves < 
15 in the thoracic region and < 20 in the lumbar region). 
The study’s objectives were to assess the effect on daily 
living activities using short form 36 and to assess the effect 
on respiratory functions using a pulmonary function test 
and, therefore, to determine the effective exercise regimen 
for AIS patients.
MATERIAL AND METHODS
The study design was a Pre-test and Post-test design. 
Inclusion criteria for subjects were Individuals with AIS 
who had a thoracic curve of <20 degrees or a thoracolumbar 
curve of <15 degrees and who visited the Orthopaedics 
and PMR department OPD at King George’s Medical 
University. People were excluded from the study if they had 
conditions like:
- AIS with fixable abnormalities.
- Any disease or malformation of the lower extremities 
affecting the spine’s alignment.
- Systemic disease or issues with the heart and lungs.
- Patients who have had spinal operations or rehabilitation 
in other places.
- Patients with problems with thinking or memory.
Sample size (Hayes and Bennet, 1999)[17] was calculated, 
and 36 subjects were included. All subjects were assigned to 
two groups (Group 1&2 respectively). The study spanned 
one year from the time subjects were recruited. Participants 
in the study were between the ages of 10 and 15 years. They 
were also required to give consent for active participation. 
A baseline data of all the participants were collected by a 
blinded observer following assessment for:
1. Pulmonary function test: It was done using the 
Spirometry method. All the participants were asked to take 
a deep breath followed by exhaling maximum air into the 
mouthpiece of the spirometer. The amount of air inhaled 
and exhaled was recorded by a spirometer. 
2. Health-related QOL using short form-36. HRQOL is a 
globally valid and widely used tool for assessing quality 
of life. A person’s functional capability, pain level with 
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activity, mental status, and self-image are surveyed using 
Short form-36 [22].
Cases of group 1 had undergone the specific breathing 
exercise protocol, i.e., Rotational angular breathing 
exercises; however, other groups followed conventional 
exercise therapy.
A.  Rotational angular breathing exercises (RAB)- All 
the mentioned exercises were performed twice daily for 
25-30 minutes with 20 repetitions. Patients were asked 
to do the correct pelvic alignment and then perform 
spinal extension exercises followed by rotational angular 
breathing (RAB) techniques to bring the spine and ribs 
into the best position. After completing it, patients were 
asked to stretch body muscles isometrically to strengthen 
weak muscles and maintain corrected posture [15].
B.  scoliosis correction exercises-  First, the patients were 
asked to perform active self-correction exercises in which 
strengthening exercises of the side flexors of the trunk 
(convex side of the curve) and stretching exercises of the 
side flexors of the trunk (Concave side of the curve) were 
practiced. It was followed by spinal extension exercises 
(Chest raising in prone lying, reverse SLR, and bridging 
exercises). Finally, deep breathing exercises (Apical, 
Lateral, and Basal) were performed. All the exercises were 
done twice daily with 20 repetitions for 25-30 minutes.
After the one-year completion  of  the exercise protocol, 
both the groups were re-assessed using the pulmonary 
function test and HRQL (SF-36) as outcome measures.
Statistical analysis:
Statistical analysis was done by a statistician who did not 
know the treatment methods followed in the two groups. 
Results have been presented as mean ± SD and percentages. 
Continuous data is given as mean ± SD, while dichotomous 
data is given as percentages. Group performance measures 
were compared across periods using repeated measures 
analysis of variance with general linear models. Groups 
were also compared using ANOVA (one-way) and Tukey’s 
post hoc test. Categorical/dichotomous variables have 
been analyzed using the chi-square (χ2) test. A p<0.05 has 
been regarded as statistically significant. The total analysis 
was done using the software SPSS (16.0 version).
RESULTS
A total of 19 males and 17 female patients from the 12 
to 15-year age group revealed no significant difference 
(p>0.05) between the groups in terms of age and sex, 
indicating that the age and gender of the groups could be 
compared. The mean ages of the groups were 12.15 ± 1.74 
years and 11.53 ± 1.44 years, respectively. Most patients 
in groups 1 (61.3%) and 2 (55.7%) were men. A crucial 
finding of this study is that parameters related to quality 
of life significantly improved in groups (p<0.01), with the 
test group showing greater improvement than group 2. 
The parameters evaluated were the function, discomfort, 
self-perceived image, mental well-being, and management 
satisfaction, as shown in Table 1.

Table 1: Evaluation of function, discomfort, self-perceived 
image, mental well-being, and management satisfaction 

(Pre-test & Post-test)

Variables
Group 1

(n=18)

Group 2

(n=18)
p-value1

Function Mean ±SD Mean ±SD

Pre-Intervent 2.62  0.41 2.76  0.59 0.26

Post-Intervent 4.13 0.01 3.48  0.51 p=0.001*

Mean difference 1.48 0.44 0.56  0.47

p-value2 p=0.001* p=0.003*

Pain

Pre-Intervent 2.51 0.17 2.38  0.36 0.41

Post-Intervent 3.74 0.35 3.26  0.32 p=0.0001*

Mean difference 1.41  0.49 0.78 0.45

p-value2 p=0.001* p=0.002*

Mental health

Pre-Intervent 2.83  0.46 3.17 0.41 0.18

Post-Intervent 3.79  0.37 3.39 0.45 p=0.04*

Mean difference 0.87 0.42 0.32 0.24

p-value2 p=0.001* p=0.003*

Self-perceived 

image

Pre-Intervent 2.64  0.31 2.77 0.08 0.13

Post-Intervent 3.57 0.34 3.69  0.12 p=0.001*

Mean difference 0.96  0.33 0.36  0.14

p-value2 p=0.001* p=0.002*

Satisfaction with 

Management

Pre-Intervent 2.13  0.15 1.89 0.01 NA

Post-Intervent 3.97  0.52 2.48  0.75 p=0.001*

Mean difference 1.89  0.54 0.63 0.74

p-value2 p=0.001* p=0.003*

1Mann Whitney U test, 2Wilcoxon rank-sum test, 
*Significant 
While comparing the pulmonary function tests, a 
statistically insignificant difference (p>0.05) was found 
during the pre-intervention period [Table: 2]
Table 2: Evaluation of pulmonary function tests between 

the groups before the intervention

Pulmonary 

function 

test

Group 1

(n=18)

Group 2  

(n=18)
p-value1

Mean ±SD Mean ±SD

Forced VC 1.59  0.22 1.81  0.45 0.35

FEV1 1.48 0.24 1.66  0.49 0.16

FEV1/FVC 85.12 13.06 81.32 12.76 0.74

PEF 3.77  1.14 4.11  1.35 0.69

Vital 

Capacity
1.78 0.17 2.06 0.45 0.12

1Unpaired t-test
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Following the intervention, group 1 appeared with 
a significantly higher FVC (p=0.001*) of 2.65 ± 0.35 
compared to the FVC of other group i.e. 2.20 ± 0.39. 
Also, group 1 showed significantly greater FEV1 (p=0.01*) 
and VC (p=0.002*) after intervention compared to group 
2. Nonetheless, there was no significant difference in 
the FEV1/FVC and PEF between the groups at post-
intervention (p>0.05*) (Table: 3)

Table 3: Evaluation of pulmonary function tests among 
the groups at post-intervention

Pulmonary 

function 

test

Group 1          

(n=18)

Group 2

(n=18) p-value1

Mean ±SD Mean ±SD

FVC 2.65  0.35 2.20 0.39 p=0.001*

FEV1 2.34  0.51 1.91 0.37 p=0.01*

FEV1/FVC 85.58 8.21 84.94 6.44 p=0.36

PEF 5.59  1.39 5.84 1.93 p=0.81

VC 2.68  0.30 2.35 0.39 p=0.002*
1Unpaired t-test, *Significant
DISCUSSION
Rrecaj-Malaj S. et al. (2018) concluded that subjects of 
scoliosis had well-practiced Schroth and Pilates exercise 
protocols and not only had high-quality outcomes in 
reducing Cobb angle but also prevented the progression of 
the curve, improved the flexibility strength of muscles of 
the trunk and setting good posture by correcting abnormal 
spinal curve. Also, there were good improvements in their 
quality of life parameters [18].
Cong H. et al. (2021) reported in a study of patients of 
AIS that there was an improvement in QOL parameters 
by exercises. They stated that exercises are adequately 
recommendable for adolescent idiopathic scoliosis patients 
in terms of improvement in physical strength, endurance, 
and quality of life [19].
The current study has demonstrated exercise to improve 
AIS patients’ quality of life. Results have demonstrated a 
remarkable improvement in quality of life in patients with 
AIS when additional Rotational angular breathing exercises 
were added. It was observed that there was a notable 
improvement in HRQL parameters within the Group 1 
community. When the group 1 sample was assessed using 
the Short Form 36 (SF-26), all parameters significantly 
improved, including social functioning, emotional well-
being, and physical well-being. Additionally, there was a 
significant change in this group’s level of discomfort to the 
other group.
Rafferty A.  et  al. (2023), in  their systematic electronic 
database search review,  found 15 studies that followed 
exercise therapy protocol to enhance  lung  functions 
in  adolescent idiopathic scoliosis  cases. These studies 
recorded  lung  functions pre and post-therapy 
sessions.  Based on the findings, the study concluded 
that  exercises have improved lung  functions  in subjects 
with adolescent idiopathic scoliosis [20].
Amaricai E. et al. (2020) assessed pulmonary functions 

and functioning ability in adolescents with modest 
scoliosis (thoracic and thoracolumbar). Cases of Scoliosis 
underwent 12-week well-monitored exercise sessions. 
Finally, after three months of exercise sessions, these 
children were reported to have better lung functions and 
functional ability [21].
Significant variations in pulmonary functions were also 
observed in the present study between the groups, with 
group 1 showing a significant change in FVC, FEV1, and 
VC. There was a more significant improvement in all the 
parameters of lung functions in group 1 compared to the 
other group, proving that rotational angular breathing 
exercises are more beneficial in improving lung functions.
Limitations of the study: The current study involved the 
participation of  36 patients, so the results appeared to 
be confined to only a bunch of people. Therefore, more 
relevant results can be achieved using a larger sample size. 
Also, a more extended treatment period is needed for the 
evident results.  
CONCLUSION
The current study observed the efficacy of conservative 
treatment for AIS and demonstrated the effectiveness of 
Rotational angular breathing exercises in patients with 
AIS. The treatment may be more beneficial for AIS patients 
(group 1) with pulmonary function problems, health-
related quality of life, and functional status than other 
groups who underwent conventional exercises and did not 
follow the same exercise regimen.
Since there is improvement in both groups,  more significant 
improvement  was achieved in the group assigned to 
rotational angular breathing, signifying the efficacy of these 
exercises. Therefore, it is more relevant to recommend 
rotational angular breathing to AIS patients. Although the 
current study has revealed evident results regarding the 
efficiency of these exercises, work may be required to prove 
the same. 
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