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INTRODUCTION
AIS is a most common form of scoliosis which is seen in children 
aged at least 10 years. Scoliosis is defined as a lateral curvature 
of the spine greater than 100 accompanied by vertebral rotation 
[1]. Cause is usually unknown but it is thought to be a multigene 
dominant condition with variable phenotypic expression [2]. Adam's 
forward bend test is helpful in identifying scoliosis during physical 
examination [3]. Secondary causes of spinal deformity are severe 
pain, a left thoracic curve or an abnormal neurologic examination 
findings pointing to speciality consultation. Of adolescents 
diagnosed with scoliosis, only 10% have curves that progress and 
require medical intervention [4]. Larger curve magnitude, skeletal 
immaturity and female gender are the prime risk factors for curve 
progression. The curve progression can be recorded by measuring 
the curve magnitude using the Cobb’s method on radiographs.

There is need to differentiate patients with stable or minimally 
progressive scoliosis who can be isolated from patients with 
scoliosis that is at high risk for progression. It is therefore needed 
to determine the patients so that they can follow referral to an 
orthopaedic surgeon. Referrals of cases of AIS with minor curves 
with low risk of progression may lead to marked anxiety and loss of 
time from school and work [5].

Idiopathic scoliosis occurs due to lateral displacement and rotation 
of vertebral bodies during process of skeletal maturity attainment 

and it has also adverse effects on respiratory function. It can cause 
restrictive lung disease [6], decrease of lung volumes and also 
the movement of ribs is disturbed [7], affecting the working of the 
respiratory muscles. The chest wall is disorganized and the lung 
compliance is impaired which may result in laborious breathing 
during rest, exercise and sleep [8].

The primary goal of rehabilitation for AIS is to reduce the progression 
of curves thereby decreasing the risk of secondary impairment, 
including back pain, breathing problems, cosmetic deformities, and 
improve the quality of life [9,10].

Scoliosis affects pulmonary function in many ways as it can be 
usually painless and asymptomatic at an early stage but the resultant 
lung function abnormalities are mainly of the restrictive type and the 
duration of scoliosis correlates with the patient’s degree of disability 
[11].

Conservative measures of treatment for AIS are exercises, braces 
and postural education. The usual protocol followed in  King George’s 
Medical University, Uttar Pradesh, India (KGMU, the institute where 
the study was conducted), is that patients of AIS are advised for 
spinal exercises and braces for those who are having greater curve 
and also if they do not respond to conservative measures.  The 
exercises prescribed are active exercises and breathing exercises. 
The active exercises prescribed are self-correction, spinal 
strengthening and spinal mobilization exercises. 
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ABSTRACT
Introduction: Scoliosis is lateral curvature of the spine greater 
than 100 accompanied by vertebral rotation. The prime risk 
factors for curve progression are a large curve magnitude, 
skeletal immaturity and female gender. The curve progression 
can be recorded by measuring the curve magnitude using the 
Cobb’s method on radiographs. 

Aim: To assess the effect of task oriented exercises based on 
ergonomics on Cobb’s angle and pulmonary functions on one year 
outcome of Adolescent Idiopathic Scoliosis(AIS) (defined as curves 
< 150 for thoracolumbar region and < 200 for thoracic region). 

Materials and Methods: A total of 36 patients were enrolled 
in the study and 18 patients in each group (experimental and 
control group) were allocated randomly. The subjects in control 
group underwent spinal strengthening exercises, active self-
correction and breathing exercises, whereas subjects in the 
experimental group followed task oriented exercises based on 
ergonomics in addition to exercises for conventional group for 

one year. Chi square test was used to compare the categorical/
dichotomous variables between the groups. Unpaired t-test 
was used to compare continuous variables between the groups 
at pre and post intervention. Paired t-test was used to compare 
the changes in continuous variables from pre to post intervention 
within the group.

Results:  Forced Vital Capacity (FVC) was found to be significantly 
(p=0.001) higher in experimental group (2.68±0.37) than control 
group (2.20±0.41) at post-intervention. Force Expritatory Volume  
1 (FEV1) (p=0.01) and Vital Capacity (VC) (p=0.002) were also 
found to be significantly higher in experimental group compared 
to control group at postintervention. Also, there was significant 
(p=0.001) mean reduction in Cobb’s angle from pre to post 
intervention in both the groups being higher in experimental 
group than control group. 

Conclusion: The task oriented exercise protocol benefited 
patients with AIS which had a significant improvement of their 
pulmonary functions and Cobb’s angle.
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[Table/Fig-1]: CONSORT flow diagram.

There are reports that adding task oriented exercises have improved 
outcome measured as progression of the curve measured by 
Cobb’s method, functional outcome [12]. However, the study did not 
assess the effect of task oriented exercises based on ergonomics 
on the respiratory function. Other studies have also not focused on 
respiratory function as an outcome measure.

There should be an approach to diagnosing and treating scoliosis 
that allows physicians to lessen the adverse psychological, 
medical and economic effects of over referral or delayed referral of 
adolescents to orthopaedic subspecialists [13].

There are several exercise approaches such as Scoliosis Specific 
Exercise (SSE) recommended by Scientific Society on Scoliosis 
Orthopaedic Rehabilitation and Treatment (SOSORT), Scientific 
Exercises Approach to Scoliosis (SEAS) Italy, Barcelona Scoliosis 
Physical Therapy Approach (BASPT), Dobomed (Poland) and Lyon 
approach (France), confirming the effectiveness of exercises in 
AIS by improving the rib cage alignment and pelvic balance and 
bring them to normal anatomical postures but still these need to be 
confirmed  by advance research approaches [14]. 

This study was focused to find out the effects of special exercise 
program on Cobb’s angle and pulmonary functions in AIS. It assess 
the effect of task oriented exercises based on ergonomics on one 
year outcome of AIS. 

MATERIALS AND METHODS
Study design was Randomized Control Trial (RCT) and the study 
duration was from April 2015 to March 2016. The ethical approval 
was taken from the Institutional Ethics Committee, KGMU and 
the RCT was being registered with Clinical trial registry of India 
(Registration no. CTRI/2017/02/007901). The consent was taken 
from each participant after explaining the objective of the study and 
ensured them about the confidentiality.

Inclusion Criteria
Eligible subjects were between the age group of 10-15 years 
diagnosed as fixed AIS with Cobb’s angle <200 for thoracic curves 
and <150 for thoracolumbar curves subject to written informed 
consent. Subjects who were having AIS with correctable deformity, 
any pathology and/or deformity of lower limbs disturbing spinal 
posture, systemic illness or cardio-respiratory dysfunction, who had 
undergone spinal surgery or rehabilitation elsewhere and cognitive 
impairment were excluded from the study.

A total of 36 patients of AIS were selected as per sample size 
calculation through formula by Hayes RJ and Bennett S 1999 [15]:

n=7.84 X [σ0
2+σ1

2)/(µ0-µ1)
2

n=sample size per group which is 18

All the selected subjects were those who reported to OPD of 
Physical Medicine and Rehabilitation (PMR) and Orthopaedic 
Surgery, KGMU. Screening was conducted prior to enrolment to 
ensure eligibility by Physiotherapist who was not associated with 
study and patients were divided in two groups i.e., experimental 
and control group according to random number table generated 
from Microsoft XL. Randomization and blinding were ensured by 
allocation concealment. Patients were not aware of the group to 
which they were being allocated. All patients enrolled in the study 
were assessed for baseline data that included- age, sex, Cobb’s 
angle measurement and pulmonary functions test.

Intervention
All the subjects in control group underwent spinal strengthening 
exercises, active self-correction and breathing exercises whereas 
subjects in the experimental group followed task oriented exercises 
based on ergonomics in addition to exercises for conventional 
group for one year.

Control group:

1.	 Spinal extension (upper and lower) exercises- 10 times for 5 
mintues each.

2.	 Spinal strengthening of convex side muscles by lying on 
concave side and upper trunk raising up- 10 times for 5 
mintues.

3.	 Active self-correction:

- 	 Lying on convex side with towel roll placed under apex – 10 
mintues;

-	 Side shift on medicine ball toward convexity- 10 times for 5 
mintues;

-	 Hip hitch exercise – 10 times for 5 mintues. 

4.	 Breathing exercises: 

-	 Chest expansion exercises with emphasis on concave side- 5 
mintues; 

-	 Diaphragmatic breathing exercises- 5 mintues.

Experimental group:

•	 All exercises prescribed in control group and

•	 Task oriented exercises:

1-	 Lying on concave side and lifting upper trunk to touch a target 
through stretched hand-  10 times  for 5 minutes;

2-	 Walking 10 m with sand bag of 2 kg placed overhead-  5 
minutes;

3-	 Sitting to standing and stretching both upper limbs to touch 
uppermost bar of ladder placed in front- 10 times for 5 
minutes;

4-	 Picking up the ball placed on a table on concave side and 
throwing it on a tub placed on the other side- 10 times for 5 
minutes;

5-	 Putting the basketball in the overhead net through hand of 
concave side curve- 10 times for 5 minutes.

Outcome measures:

Both the groups were assessed by a blinded observer at six monthly 
follow up for[Table/Fig-1]: 

1)	 Cobb’s angle measurement;

2)	 Pulmonary function test.

Statistical analysis
The results were presented in mean±SD and percentages. 
Chisquare test was used to compare the categorical/dichotomous 
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variables between the groups. Unpaired t-test was used to 
compare continuous variables between the groups at pre and post 
intervention. Paired t-test was used to compare the changes in 
continuous variables from pre to post intervention within the group. 
The p-value<0.05 was considered significant. All the analysis was 
carried out on SPSS 16.0 version (Chicago, Inc., USA).

RESULTS
There was no significant (p>0.05) difference in the age and sex 
between the groups showing comparability of the groups in terms 
of age and sex [Table/Fig-2].

There was no significant (p>0.05) difference in the pulmonary 
function tests at pre-intervention between the groups [Table/Fig-3].

FVC was found to be significantly (p<0.001) higher in experimental 
group (2.68±0.37) than control group (2.20±0.41) at post-
intervention. FEV1 p=0.01 and VC (p=0.002) were also found to be 
significantly higher in experimental group compared to control group 
at post-intervention. There was no significant difference (p>0.05) in 
FEV1/FVC and PEF between e xperimental group and control group 
at post-intervention [Table/Fig-4].

There was significant (p<0.01) change in all the pulmonary function 
tests except FEV1/FVC from pre to post intervention in both the 
groups. However, mean change was observed to be higher in 
experimental group than control group [Table/Fig-5].

There was no significant (p>0.06) difference in Cobb’s angle 
at preintervention between the groups. A significant (p<0.001) 
difference was found in Cobb’s angle at post intervention between 
the groups.  There was significant (p<0.001) mean change in Cobb’s 
angle from pre to post intervention in both the groups being higher 
in experimental group than control group [Table/Fig-6].

DISCUSSION
In our study, we found a significant improvement in pulmonary 
functions in experimental group rather than control group as there 
was significant increase in FVC, FEV1 and VC in experimental group 
higher than control group.

dos Santos Alves VL et al., in their study found that there was an 
improvement in FVC, inspiratory capacity; FEV1, expiratory reserve 
volume, and performance assessed by 6 Minute walk test (6MWT) 
were observed after physical rehabilitation [16]. They suggested 
that global conditioning improved after the rehabilitation program. 
This was expressed by both PFT and 6MWT results.

In another study, by dos Santos Alves VL et al., suggested that 
exercise is beneficial to patients with AIS, who have shown significant 
increases in respiratory muscle strength after physical therapy [17]. 
There was no correlation between respiratory pressure and spine 
deformity.

Shneerson JM and Madgwick R et al., showed that exercises can 
significantly improve the lung functions and activity level and thereby 
can be helpful in reducing the rate of surgical interventions in cases 
of AIS [18]. Smyth RG et al., suggested that when training provides 
control of breathing pattern, increased strength and inspiratory 
muscle endurance can translate into clinical improvement of the 
respiratory system functional status of patients with chronic lung 
disease, as it was observed in their study with AIS patients [19].

In this study, the exercises have shown significant reduction in 
Cobb’s angle suggesting that the exercises are helpful in arresting 
the progression of curve and reducing the deformity in AIS.

In a review, Negrini S et al., reported that exercise had beneficial 
effects on the rate of progression and Cobb’s angle [20]. They also 
found positive effects of exercise in reducing brace prescriptions. 

Negrini S et al., in their systematic review concluded that there is 
absence of sufficient evidence against effectiveness of physical 
exercises for prevention of curve progression in AIS [21]. In another 
study, Mordecai SC and Dabke HV suggested that there is poor 
quality evidence in support of exercise in the management of AIS 
[22].

There are studies confirming the effectiveness of exercises in 
adolescent scoliosis patients who are at high risk of progression 
[23,24].  Negrini S et al., found and suggested in the study that 
specific and personalized exercise treatment appears to be more 
effective than usual physiotherapy in reducing the progression of 
scoliosis [25].

[Table/Fig-2]: Age and sex distribution between the groups.
1Chi-square test

[Table/Fig-3]: Comparison of pulmonary function tests between the groups at pre 
intervention.
1Unpaired t-test

[Table/Fig-4]: Comparison of pulmonary function tests between the groups at post 
intervention.
1Unpaired t-test, *Significant

[Table/Fig-5]: Comparison of mean change in pulmonary function tests from pre to 
post  intervention within group.
1Paired t-test, *Significant

[Table/Fig-6]: Comparison of Cobb’s angle between the groups across time 
periods.
1Paired t-test, 2Unpaired t-test, *Significant

Age and sex

Experimental group
(n=18)

Control group
(n=18) p-value1

No. % No. %

Age in years

<12 7 38.9 9 50.0 0.50

≥12 11 61.1 9 50.0

Mean±SD 12.17±1.72 11.56±1.46

Sex

Male 11 61.1 10 55.6 0.73

Female 7 38.9 8 44.4

Pulmonary 
function tests

Experimental group
(n=18)

Control group
(n=18)

p-value1

FVC 1.69±0.21 1.80±0.46 0.34

FEV1 1.52±0.22 1.69±0.48 0.19

FEV1/FVC 84.88±12.03 84.31±11.99 0.88

PEF 3.99±1.03 4.17±1.29 0.65

VC 1.89±0.20 2.08±0.48 0.13

Pulmonary 
function tests

Experimental group
(n=18)

Control group
(n=18)

p-value

FVC 2.68±0.37 2.20±0.41 <0.001*

FEV1 2.30±0.50 1.92±0.39 0.01*

FEV1/FVC 83.79±8.23 85.95±6.52 0.39

PEF 5.79±1.49 5.90±1.91 0.85

VC 2.75±0.32 2.35±0.39 0.002*

Pulmonary function 
tests

Experimental group
(n=18)

Control group
(n=18)

Mean change p-value1 Mean change p-value1

FVC 0.99±0.34 0.0001* 0.39±0.43 0.001*

FEV1 0.78±0.37 0.0001* 0.23±0.32 0.006*

FEV1/FVC 1.08±11.22 0.68 1.63±14.38 0.63

PEF 1.80±1.24 0.0001* 1.73±1.77 0.001*

VC 0.86±0.33 0.0001* 0.27±0.27 0.001*

Groups
Pre inter-
vention

Post inter-
vention

Mean 
change

p-value1

Experimental group 12.61±1.81 6.83±1.72 5.77±1.35 <0.001*

Control group 12.72±1.40 9.67±1.32 3.05±0.80 <0.001*

p-value1 0.83 <0.001*
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Zapata K et al., concluded in their study that a year after performing 
exercises, unsolicited corrective exercises resulted in a significantly 
improved Cobb’s angle compared to relaxed standing for the curve 
primarily targeted by the exercise program [26]. Improved exercise 
ability and spinal flexibility may have contributed to the improved 
Cobb’s angle. Wearable technology is needed to better understand 
how much time patients are spending in their corrected versus 
relaxed postures.

Limitation
One of the limitations of this study was small sample and less 
duration. The studies with larger sample size and longer duration 
are required for robust conclusions.

CONCLUSION
The therapy protocol benefited patients with AIS, which had a 
significant improvement of their pulmonary functions and Cobb’s 
angle, as compared to patients with AIS who did not undergo the 
specific exercise protocol allocated in control group.
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