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Abstract

Background: Adolescent idiopathic scoliosis is a three dimensional deformity of the spine with no
identifiable causes. Early detection of scoliosis prevents progress into severe scoliosis in a growing child
before the skeletal maturity. There are two critical stages in the development of body posture during the
school years. These are the age when a child goes to school and the attainment of puberty. The growing
children may show accelerated or retarded periods of growth at certain stages giving rise to a rapid or slow
progression curve. In girls the pre-pubertal growth spurt falls in the age range of 10-13 years.

Objective: To identify high risk idiopathic scoliotic curve in pre pubertal school girls using non-invasive
technique, Adams forward bending test (FBT), Scoliometer and I phone app.

Method: The present descriptive cross sectional study was conducted in pre pubertal girls aged 10-13 years
enrolled in both the aided and unaided schools of Dakshana Kannada (Karnataka-India). All the willing
students (n=600) were screened using physical examination (Adams forward bend test), Scoliometer device
and Scoliometer application.

Results: A total of 24/600 of the pre pubertal girls were found to have asymmetrical back when physically
examined in standing position with FBT, resulting in right thoracic level curve 3°, 5°,7° . All 4% of the high
risk identifiable participants had a reading >5° when screened using the Scoliometer device and I phone
App i.e. similar results were obtained. Body mass index (BMI) was increased in some of the positive cases.

Conclusion: The study found that the inclination degree of 5° or greater is more acceptable in early detection
of scoliotic curve before the skeletal maturity of the spine. This predictive value was satisfactory to advocate
the school screening programme in early detection of scoliosis.
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Introduction

Adolescent idiopathic scoliosis (AIS) is defined as
a three dimensional (3D) deformity of spine !-3, with no

recognizable causes, in an otherwise healthy growing

Corresponding Author:

Mudasir Rashid Baba

Assistant Professor & PhD Scholar, Yenepoya
Physiotherapy College, Yenepoya (deemed to be)
University, +917899466841

Email: mudasirrashid@yenepoya.edu.in

child. The children with AIS on inspection have a trunk
asymmetry, which accentuates when bending forward.
The accentuation results due to the prominence of the
costal or lumbar hump in a forward bending position.’
The reported prevalence of Idiopathic scoliosis is about
0.4 to 7% among adolescents in Asian countries.®
Scoliosis can affect a child’s appearance, may lead to
symptoms of pain, and can lower a child’s self-esteem
due to a feeling of social isolation.” There has never been
a universal agreement about scoliosis screening due to
its controversial nature, therefore, the screening efforts
vary considerably around the world.® Many countries
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including USA, UK and Japan have legislated scoliosis
screening programmes and have included screening in
the health curriculum of their schools.’ It is important
that scoliosis be diagnosed between the ages of 10 and 15
years. The early identification of potentially progressive
curves allows conservative management in the form
of physiotherapy and bracing allowing the patient to
avoid surgery for the correction of developing curve.'’
The human skeleton comprises of two periods of rapid
growth, the first one between the birth to 5 years and the
second one at the onset of puberty.!! The body posture
is influenced by two critical stages of development
during the school years, when a child starts school, and
at the attainment of puberty. The rapid or slow rate of
progression in curve may result due to certain faster or
slower periods of growth at certain stages during growth.
The pre-pubertal growth spurt in girls falls in the age
range of 10-13 years. The pre-pubertal girls have Risser
0 at standard, and are 0 before the onset of menarche
with a progression factor at 2, which represents a risk
for being progressive of 90%. The risk of progression
can be calculated using Lonstein and Carlson (1984)
formula.!> They carry risks to the quality of the body
posture, in the age range of 6-7 and 12-16 years old,
i.e., during the puberty stage. The child is exposed to
the vulnerability of various external features during this
stage and the development of the muscular system does
not follow the rapid growth of the bones.!* The bone
density and its metabolism have been correlated with the
serum levels of tartrate-resistant acid phosphatase serum
band, S(TRAPS5D). Lower bone density in AIS patients
show higher rate of bone resorption.'* High peak bone
mass is directly related to high physical activity.!>!7
As a higher gain than the loss in the density of bone
occurs during the pre-pubertal period, it is the perfect
period for physical training compared to the rest of the
lifetime.'®!° The reported incidence of scoliosis was
0.2%, favouring girls more than the boys in the ratio of
2.2:1.7 The scoliosis research society (SRS) considers
scoliometer, used alone with Adams forward bending
test (FBT) as a reliable and valid measure for trunk
asymmetry.”® The scoliometer identifies any rotational
deformity, associated with scoliosis in a very dependable
and a simple fashion. Although, scoliometer shows low
correlation with the lateral curvature of the spine, yet
it shows a good reproducibility.?! Advanced technology
like, iPhones have been used for the measurement of
asymmetry in the trunk and results indicate that such
advanced tools are equally efficient to measure trunk
asymmetry similar to conventional tools like manual

protector. Furthermore, the use of iPhones consumes
15% less time for measurements than the conventional
tools. The Mobile phones (with inclinometer application)
can store measurement data in updated versions of the
software for measurement of angle, and thus make
these modern tools useful for clinical measurement
applications.’> The evaluations of the Scoligauge,
iPhone application, show outstanding intra and inter
observer dependability and validity comparable to that
of Scoliometer. This application renders itself as an
effective means for assessing clinical measurements and
does not require a special adapter.”?

This study was carried out for a cost-effective
approach of screening 10 to 13-year old girls and to
identify pre-pubertal girls with a potential progressive
scoliotic curve.

Materials and Method

A descriptive cross-sectional study involving a total
of 600 school-going girls, aged 10-13 years, enrolled
in both aided and unaided schools. The permission
was taken from the regional block education officers.
Ethical clearance was obtained from the University
ethics committee before recruitment of the participants.
Informed consent and accent was obtained from the
students and their parents, prior to the screening. Based
on the student population data provided by the block
education officers in 2018, participants were recruited
by cluster sampling technique from 6 randomly selected
clusters out of the 15 clusters from Dakshina Kannada,
Mangalore, India. The screening was conducted in the
school premises with permissions from the concerned
management. Each student was accompanied by her
mother and class teacher during screening. Physical
examination was carried and students with altered
gait pattern and other deformities were excluded
from the screening. The girls had light clothing and
without footwear during the examination. The physical
attributes (height, weight, and age) were recorded
using stadiometer to calculate the Body Mass Index
(BMI). The Adam’s forward bending test (FBT) was
applied for the scoliosis screening. The test considered
positive when back asymmetry in the form of a hump
was detected. Further measurement of inclination degree
using scoliometer and scolioguage was conducted when
FBT was positive. The girls with positive FBT and
scoliometer/ scolioguage angle of 3 degree or more were
considered to pose some risks to the quality of the body
posture, occurring during the puberty stage. The parents
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of these girls were notified of the potential for progressive curves and referred to the orthopedic and physical therapy
departments of the University hospital for further evaluation and treatment recommendations.

Results

Six hundred school girls in the age range of 10-13 years were screened for potential curves for scoliosis. (Table
I). Twenty four pre-pubertal girls were found to have an asymmetrical back (hump detected, resulting in a positive
Adam’s forward bending test and scoliometer test. Body mass index (BMI) was increased in some of the positive
cases (Figure 2).

Table 1: Frequency of Axial Trunk Rotation (ATR)

Characteristics of based ATRI1 Referral f
SL.No on age of the study . Type of curve BMI2 y ferra or
.. (in degree) radiography
participants
Right
Age | 0 3 5 7 | suspected | mean+SD no thoracic mean+SD no yes
curve
1. 10 | 158 | 1 6 2 2 160 9 164 5
5 THEmE 4 5 5 .28+1.20 151 g 15.4786+2.5449 156 3
’ 25+1.14 15.2339+2.7502
+
3 12 1162 | o ) ) 4 .14+.93 166 4 15.7691+3.0827 165 5
21£1.19 15.7942+2.3745
4. 13 97 | 0 0 3 2 99 3 97 5

Abbreviations used: ATR-Axial trunk rotation' .BMI-Body mass index’
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Figure 1: Body Mass Index (BMI) of 600 girls.
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Figure 2: Body Mass Index (BMI) was increased in few of the positive cases.

Discussion

The overall prevalence of positive scoliosis cases
among pre-menarche girls in the current study was 4%.
The curvatures of 5°, 10° & 12° were witnessed at the
thoracic level, inclined towards the right side when
viewed from the backside. These findings are consistent
with the epidemiological study from chongming island
(china), which showed thoracic curves towards the right
60.3 %.%* Another epidemiological study from Greece
found that 75.5 % of thoracic curves were to the right
side.?’ The current study showed increased BMI in some
of the positive cases, in contradiction with a study by
Chen JCY et al., (1999), which showed a significant
relationship between severity of scoliosis and the BMI
26 while another study found no relationship between
scoliosis and BMI.?” American Academy of Orthopaedic
Surgeons released a position statement that screening
for spinal deformity should be part of the medical home
preventive services visit. The screening is considered
valuable in these domains: technical efficacy, clinical
program, and treatment effectiveness. In order to identify
high risk cases, scoliosis screening should be carried out
and potential cases referred for further evaluation .%!
Screening is defined as ‘the presumptive identification
of unrecognised disease or defect by application of
tests, examination or procedures, in a rapid manner.?®

The use of Scoliometer for the measurement of ATR is
non-invasive, with no radiations and a cheap method of
screening. It can be easily implemented and it has been
proven to have a good correlation with radiological
analysis (r=0.7, p<0.05) and a very good intra-rater
reliability.?3° In this study a >7° scoliometer reading
was taken as cut off which is in accordance with a study
done by Raphael et al., in Norway.?' The present study
showed ATR >7° in the thoracic scoliotic curves. Similar
findings >7 Yapplication reading for thoracic scoliotic
curves. The readings of the Sociometer device and
Scoliometer HD application which are therefore similar.
This is in agreement with a study done by Franko et al
wherein the findings of the smart phone application were
compared to those of the scoliometer device and thereby
the application was validated as an efficient and cost
effective tool for screening of scoliosis.3? Therefore, the
application was found to be more convenient due to its
greater availability and cost effectiveness. We therefore
suggest making the combination of FBT, scoliometer
and scolioguage app as a screening tool.

Limitations of the study: The sample size was
small and did not include both the genders. To obtain
national prevalence rate, the authors suggest a regular
nationwide screening of AIS. The data collected from
a large population based screening could be used to
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perform longitudinal study with minimum bias.

Conclusion

The prevalence rate of AIS in school going girls
of age groupl0-13 years was evaluated in Dakshina
Kannada region of India. The study also found that the
inclination of 5° or greater is more acceptable in early
detection ATR before the skeletal maturity of the spine.
This predictive value was satisfactory to advocate the
school screening programme for early detection of
scoliosis.

Conflict of Interest: The authors declare no conflict
of interest.

Acknowledgement: The authors thank Dr. Vinitha
Ramanath Pai, Professor & Deputy Director, MPhil &
PhD Program, Yenepoya University for spending her
valuable time and lending her support during our work.

Funding: Yenepoya (Deemed to be University)
Karnataka-India.

References

1. Heine J, Meister R. Quantitative analysis of
the functions of the lungs and of blood-gases
in young pa—tients with scoliosis, using a
“functionaldiagnostic minimal program”. Z Orthop
Ihre Grenzgeb 1972; 110:56-62.

2. Asher MA, Burton DC. Adolescent idiopathic
scolio—sis: natural history and long term treatment
effects. Scoliosis 2006;1:2.

3. Weiss HR, Moramarco M. Scoliosis: treatment
indications according to current evidence. OA
Musculo—skeletal Med 2013;1:1.

4. Perdriolle R, Vidal J. Thoracic idiopathic scoliosis
curve evolution and prognosis. Spine (Phila Pa
1976) 1985;10:785-91.

5. Weiss HR, Lehnert-Schroth C, Moramarco M.
Schroth therapy: advancements in conservative
scoliosis  treatment.  Saarbruecken: Lambert
Academic Publishing LAP; 2015.

6. Deepak AS, Ong JY, Choon D, Lee CK, Chiu CK,
Chan C, et al. The Clinical Effectiveness of School
Screening Programme for Idiopathic Scoliosis
in Malaysia. Malaysian Orthopaedic Journal.
2017;11(1):41-46.

7. Saikia KC, Duggal A, Bhattacharya PK,
Borgohain M. An epidemiological study of school

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Indian Journal of Public Health Research & Development, June 2020, Vol. 11, No. 6

children in Lower Assam. Indian J Orthopaedics.
2002;36(4):243

Grivas TB, Wade MH, Negrini S, et al: SOSORT
consensus paper: school screening for scoliosis.
Where are we today? Scoliosis 2007, 2:17.

Reamy Brian V, Slakey Joseph B. Adolescent
Idiopathic Scoliosis: Review and Current Con-
cepts. Am Fam Physician. 2001;64:111-6.

Spinal research foundation India, Screening
procedure for spinal deformity. Available at http://
www.srf-india.org/screeningprocedure.html.
Accessed on 20 March 2017.

Dimeglio A. Growth in pediatricorthopedics. In:
Morrissy, R.T., Weinstein, S.L. (eds.) Lovell and
Winter’s Pediatric Orthopaedics, 6th edn, pp. 35—
65. Lippincott Williams & Wilkins, Philadelphia
(2006)

Weiss HR: Physical therapy intervention studies
on idiopathic scoliosis-review with the focus on
inclusion criteria. Scoliosis 2012; 7:4.

Lizak D, Czarny W, Niewczas M. The problem of
postural defects in children and adolescents and
the role of school teachers and counsellors in their
prevention. Scientific Review of Physical Culture
2016;4:11-18

Ishida K, Aota Y, Mitsugi N, Kono M, Higashi T,
Kawai T, et al. Relationship between bone density
and bone metabolism in adolescent idiopathic
scoliosis. Scoliosis 2015;10;19.

Goldberg CJ, Moore DP, Fogarty EE, Dowling FE:
Adolescent idiopathic scoliosis: natural history and
prognosis. Stud Health Technol Inform 2002;91:
59-63.

Asher MA, Burton DC. Adolescent idiopathic
scoliosis: natural history and long-term treatment
effects. Scoliosis. 2006; 1:2.

Hawes MC, O’Brien JP. The transformation of
spinal curvature into spinal deformity: pathological
processes and implications for treatment. Scoliosis
2006; 1:3.

Lonstein JE, Carlson JM: The prediction of curve
progression in untreated idiopathic scoliosis during
growth. J Bone Joint Surg Am 1984; 66:1061-71.

Weiss HR, Negrini S, Rigo M, Kotwicki T, Hawes
MC, Grivas TB, et al. Indications for conservative

management of scoliosis (SOSORT guidelines).
Stud Health Technol Inform 2008; 135:164-70.



20.

21.

22.

23.

24.

25.

Indian Journal of Public Health Research & Development, June 2020, Vol. 11, No. 6

Labelle H, Richards S, De Kleuver M, Grivas T,
Luk K, Wong H et al. Screening for adolescent
idiopathic scoliosis: an information statement by
the scoliosis research society international task
force. Scoliosis. 2013;8(1).

Sanders JO, Polly DW, Cats-Baril W, Jones J,
Lenke LG, O’Brien MF, et al. Analysis of patient
and parent assessment of deformity in idiopathic
scoliosis using the Walter Reed Visual Assessment
Scale. Spine 2003; 28:2158-63

Shaw M1, Adam CJ, Izatt MT, Licina P, Askin GN.
Use of the iPhone for Cobb angle measurement in
scoliosis. Eur Spine J 2012; 21:1062-8.

Balg F, Juteau M, Theoret C, Svotelis A, Grenier
G. Validity and reliability of the iPhone to measure
rib hump in scoliosis. J PediatrOrthop 2014; 34
:774-9

Du, Q., Zhou, X., Negrini, S., Chen, N., Yang, X.,
Liang,J. and Sun, K. (2016). Scoliosis epidemiology
is not similar all over the world: a study from a
scoliosis school screening on Chongming Island
(China). BMC Musculoskeletal Disorders, 17(1).
Koukourakis I, Giaourakis G, Kouvidis G,
Kivernitakis E, Blazos J, Koukourakis M. Screening

school children for scoliosis on the island of Crete,
Greece. J Spinal Disord 1997;10:527-31

26.

27.

28.

29.

30.

31.

32.

751

Chen JCY, Guo X. Persistent osteopenia in
adolescent idiopathic scoliosis. A longitudinal
follow up study. Spine. 1999;24:1218-22.

Burner WL, III, Badger VM, Sherman FC.
Osteoporosis and acquired back deformities. J
Pediatr Orthop. 1982;2:383-5.

Whitby LG. Screening for disease: Definitions and
criteria. Lancet (London, England). 1974; 2(7884):
819-22.

Bonagamba GH, Coelho DM, Oliveira AS. Inter
and intra-rater reliability of the scoliometer. Rev
Bras Fisioter. 2010; 14(5): 432-8.

Coelho DM, Bonagamba GH, Oliveira AS.
Scoliometer measurements of patients with
idiopathic scoliosis. Braz J Phys Ther.2013; 17(2):
179-8

Adobor RD, Joranger P, Steen H, Navrud S, Brox
JI. School screening and point prevalence of
adolescent idiopathic scoliosis in 4000 Norwegian
children aged 12 years. Scoliosis. 2011;6:23
Franko OI, Bray C, Newton PO. Validation of a

scoliometer Smartphone app to assess scoliosis. J
Pediatric Orthopedics. 2012;32(8):725



