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The Genetic Basis of Adolescent Idiopathic Scoliosis
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Scoliosis is an abnormal curvature of the spine that affects approximately seven million people
in the United States. Adolescent idiopathic scoliosis is most commonly diagnosed between the
ages of 10 to 12 years old and may be discovered by parents, during school screenings, or at
pediatric visits. When scoliosis is suspected, patients are referred to orthopedic scoliosis specialists
who evaluate the patient to determine the severity of the patient’s curvature.

Treatment options for idiopathic scoliosis include observation, bracing, and surgery. In general
bracing is recommended for curves between 25-30 degrees in patients with significant growth re-
maining and corrective surgery is generally reserved for progressive scoliosis curves greater than 45°
or curves that do not respond to bracing freatment. The goals of scoliosis correction surgery are to
correct the spinal curvature and to prevent the curve from progressing further during the patient’s life.

The involvement of genetic factors in the development of adolescent idiopathic scoliosis has be-
come widely accepted. At present, the general consensus is that the etiology of idiopathic scoliosis is
multi-factorial. Exciting new research has recently been presented regarding the use of genetic test-
ing to predict curve progression and failure of brace treatment in patients with adolescent idiopathic
scoliosis. Keywords: Adolescent Idiopathic Scoliosis, Genes, Genetics

Adolescent Idiopathic Scoliosis (AIS)

Scoliosis is an abnormal curvature of the spine
that affects approximately seven million people in
the United States. Idiopathic scoliosis is a well
characterized condition in humans. Abnormal
curvatures of the spine were first recognized by
Hypocrites and the name idiopathic scoliosis was
introduced in the mid 1900s by Bowerl. Idiopathic
scoliosis is a structural curvature of the spine with
lateral and rotatory components which typically
affects 2 to 3% of normal children in adolescence.

Severe, progressive curves are rare, and occur in
only 0.2 to 0.5% of patients with adolescent idio-
pathic scoliosis.

Adolescent idiopathic scoliosis is most com-
monly diagnosed between the ages of 10 to 12
years old. It may be discovered by parents, dur-
ing school screenings, or at pediatric visits. When
scoliosis is suspected, patients are referred to or-
thopedic scoliosis specialists who will evaluate the
patient to determine the severity of the patient’s
curvature.
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Figure 1. A scoliosis examination is done with the patient standing in a relaxed position with their
arms at the side. The physician examines the patient from behind looking for curvature of the spine,
shoulder blade asymmetry, waistline asymmetry or any trunk shift. The patient is then asked to bend
forward at the waist and the physician examines the back once again to look for the rotational aspect
of the scoliosis in the ribs or waist.(Figure 1c: courtesy Medtronic)
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Scoliosis is typically characterized by a three-
dimensional deformity of the spine that involves a
curvature in the sagittal, frontal, and transverse plane
(Figure 1). Adolescent idiopathic scoliosis does not
typically produce significant morbidity for the pa-
tient; however, larger scoliotic curves or curves with
significant rotation may cause a bothersome cosmet-
ic deformity. In addition, large scoliotic curves may
decrease pulmonary function and in the most severe
cases can lead to a type of heart failure known as cor
pulmonale.2

Different factors seem to be related to the risk for
curve progression in adolescent idiopathic scoliosis.
Specific factors include the age of the patient at the
time of diagnosis, the maturity of the patient as de-
termined by menarchal status and Risser sign, and
the pattern of the scoliosis curve that is present. In
this type of scoliosis, girls are eight times more likely
than boys to have curves that progress to a point that
treatment is ultimately required.3-6

Treatment options for idiopathic scoliosis include
observation, bracing, and surgery. Mild cases of sco-
liosis are carefully observed with periodic physical
examination and x-ray screenings (Figure 2). Most
patients are seen on a 4 to 6 month basis until they
finish growing and the majority of patients who are
observed will have small curves that will have little
if any progression as the patient reaches the end of
growth. For patients with small curves who are ob-
served, full activities are allowed including competi-
tive sports.

Patients with curves that are at risk for progres-
sion during periods of rapid growth may need to be
treated with a brace. In general bracing is recom-
mended for curves between 25-30 degrees in patients
with significant growth remaining. In most cases, a
low profile brace known as a thoracolumbarsacral or-
thosis (TLSO) is recommended (Figure 3). A number
of different bracing schedules have been described,
but at present, I recommend a 22-hour-per-day brac-
ing program. This maximizes the positive effects of
wearing the brace while still allowing the patients
time out of the brace for social activities and sports.
Brace treatment is usually continued until the patient
completes their growth, which means that teenagers
who are treated with a brace will usually wear the
brace between 2-3 years.

Figure 2. Full length spine x-ray of a
patient with idiopathic scoliosis

Spinal reconstructive surgery is generally re-
served for progressive scoliosis curves greater than
45° or curves that do not respond to bracing treat-
ment. The goals of scoliosis correction surgery are to
correct the spinal curvature and to prevent the curve
from progressing further during the patient’s life
(Figure 4). A number of recent technical advances
have taken place which allow for greater curve cor-
rection, and earlier spinal stability. Because of these
advances, most patients undergoing reconstructive
surgery for adolescent idiopathic scoliosis are no
longer required to wear a brace after surgery and
typical hospital stays after surgery are less than one
week. The decision to undergo surgery for scoliosis
should only be made after a very careful evaluation
and a detailed discussion between the patient, family
and surgeon.
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Biomechanical pathogenesis of AIS

Idiopathic scoliosis is a common pediatric spinal
deformity and up to 80% of cases occur in adoles-
cents.” Recent research has worked to identify poten-
tial factors involved in the etiology of scoliosis in or-
der to enable physicians to more accurately predict the
prognosis for patients with scoliosis and to offer more
effective treatments. Although the exact

A number of studies have examined the role
that hereditary or genetic factors may play in the
development of idiopathic scoliosis. In 1968,
Wynne-Davies conducted a screening study of
114 patients with idiopathic scoliosis. They
screened first, second, and third-degree rela-
tives of patients with idiopathic scoliosis. Based
upon inheritance patterns amongst these patients

and their families, the authors con-

etiology of adolescent idiopathic scoliosis
is still unknown, a number of studies have
examined a variety of neurologic, and
skeletal factors that may be involved in
the development of scoliosis.

Idiopathic scoliosis is unique in that
it occurs exclusively in humans.8.9 When
scoliosis is seen in other vertebrates, it is
either congenital, cicatricial, neuromus-
cular, or experimentally induced.!0 It is
well established that humans are the only
vertebrate animals that regularly stand
with a fully erect posture. It has been pos-
tulated that this fully erect posture may be
involved in the development of idiopathic
scoliosis.!!-13 In addition, human beings
are the only animals that walk with the
body’s center of gravity located directly
above the pelvis. Other animals closely
related to humans in the ape family, walk
leaning forward with the body’s center of

Figure 3. A
thoracolumbarsacral
orthosis (TLSO) is
sometimes used
to treat scoliosis in
patients who are still
growing.

(Picture courtesy Medtronic)

cluded that a dominant or a multiple-
gene inheritance pattern was present
in adolescent idiopathic scoliosis!?-
In another study, Robin and Cohen
carefully evaluated the inheritance pat-
tern of adolescent idiopathic scoliosis
over five generations within one fam-
ily. They found the direct transmis-
sion of adolescent idiopathic scoliosis
from father to son on more than one
occasion, which does suggest an either
autosomal or multiple-gene inheritance
pattern.18

Large population studies have shown
that 11% of first-degree relatives of pa-
tients with scoliosis have scoliosis. Sim-
ilarly, 2.4% of second-degree and 1.4%
of third-degree relatives of patients with
scoliosis have the condition. Studies on
identical and fraternal twins have shown
that monozygous (identical) twins have

gravity well in front of the pelvis.14 The
fully erect posture of the human spine significantly
changes the conditions under which forces are trans-
mitted through the spine and these unique forces may
play a role in the development of idiopathic scolio-
sis.1s

Genetics of Adolescent
Idiopathic Scoliosis

The involvement of genetic factors in the devel-
opment of adolescent idiopathic scoliosis has become
widely accepted. It is possible that genetic factors may
be involved in specific aspects of scoliosis including the
shape of a scoliosis curve and the risk for curve progres-
sion. A number of population studies have documented
that scoliosis runs within families and that there is a
higher prevalence of scoliosis among relatives of patients
with scoliosis then within the general population.16

a high concordance rate for the condition
at approximately 73%, while dizygous (fraternal)
twins have a concordance rate of 36%.19-23 The
incidence of scoliosis amongst dizygous twins is
similar to that of first-degree relatives of a patient
with adolescent idiopathic scoliosis.

At this time, the specific genes that are in-
volved in adolescent idiopathic scoliosis have not
been completely identified. Recent studies using
a technique called genetic linkage analysis have
identified multiple specific regions on a number of
genes that may be involved with the development
adolescent idiopathic scoliosis.24-27 In 2005, Miller
et al. performed a statistical linkage analysis and
genetic screening of 202 families with idiopathic
scoliosis. Using linkage analysis they were able to
identify candidate regions for idiopathic scoliosis
on chromosomes 6, 9, 16, and 17.28

SPRING 2009 VOL 4 No 1

Journal of The Spinal Research Foundation 15



SPRING 2009

Genetics and the Spine

AN

The Difficulty of Studying the
Genetic Basis of Idiopathic Scoliosis

Studying the genetics of adolescent idiopathic
scoliosis is difficult because there is a high degree of
genetic variability amongst patients with scoliosis.2?
For AIS, it is likely that a number of different genetic
and environmental factors are involved in the devel-
opment scoliosis in any given patient. Even when a
single gene is responsible for the development of a
condition, not all patients with the gene may demon-
strate the exact same characteristics. It has been well
established that the patterns of inheritance of a single
gene are susceptible to the principles of variable pen-
etrance and heterogenicity. The principle of variable
inheritance states that two patients with the same gene
do not necessarily have to have the exact same charac-

Figure 4. Postoperative x-ray of a patient with
adolescent idiopathic scoliosis

teristics. The principle of heterogenicity refers to the
potential presence of many different genetic defects,
all of which may eventually cause the same disease.
This may be due to multiple different mutations of
the same gene or multiple different genes that may all
eventually lead to the same disease state. Because of
the principles of variable penetrance and genetic het-
erogenicity, a simple mode of genetic inheritance may
not always be clearly identifiable in one group even
when a genetic basis clearly exists.

At present, the general consensus is that the eti-
ology of idiopathic scoliosis is multi-factorial. Con-
tinued research in the field will hopefully lead to the
identification of specific factors that may cause the
disorder. In the future, it is likely that genetic testing
will lead to earlier diagnosis and treatment of the con-
dition.

Genetic Testing for AIS

Exciting new research has recently been presented
regarding the use of genetic testing to predict curve
progression and failure of brace treatment in patients
with adolescent idiopathic scoliosis. Kenneth Ward,
MD and colleagues presented their preliminary work
on genetic testing for AIS curve progression at the
2008 Annual Meeting of the Scoliosis Research Soci-
ety. They reported the reports of a Genome-wide as-
sociation study using Affymetrix HuSNP 6.0 microar-
rays to compare patients with idiopathic scoliosis with
normal patients. The authors were able to identify ge-
netic markers which were associated with progression
of a scoliosis curvature. By using this panel of genetic
markers, physicians may be able to predict which pa-
tients are likely to progress to a severe scoliosis at the
time they are initially diagnoses.30

Also at the 2008 Annual Scoliosis Research Soci-
ety Meeting, James Ogilvie, MD and coauthors also
presented their work using genetic testing to predict
which patients will not have successful brace treat-
ment for AIS. The study tested prognostic genetic
markers for brace-resistant adolescent idiopathic sco-
liosis in fifty-seven patients with adolescent idiopathic
scoliosis who wore a brace for at least one year but
had curves that progressed and required surgery. By
using a panel of genetic markers, the authors were
able to predict which patients were likely to fail brace
therapy.3!
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A New Genetic Test for
Adolescent Idiopathic Scoliosis

A company named Axial Biotech has recently an-
nounced the release of a new DNA test that will soon
be released to indicate the likelihood of progression to
a severe curve for children with adolescent idiopathic
scoliosis.32 The test will be used for patients with mild
or moderate adolescent idiopathic scoliosis between
the ages of nine to thirteen years old. The simple
test is performed analyzing the patient’s saliva, which
can be collected during a routine office visit. The test
will allow scoliosis specialists to better predict an
individual’s risk for developing progressive scoliosis.
Genetic testing will allow the physician to offer earlier
and safer treatment to patients with high risk for spinal
curvature, before the scoliosis progresses to the point
that it causes severe pain or requires a major surgical
reconstruction. In the future, it is likely that smaller
surgical procedures will be available to straighten a
small curvature that was detected through genetic
screening.

Conclusion

Many factors may be related to the development
of idiopathic scoliosis and no single cause has been
identified at this time. Adolescent idiopathic scoliosis
appears to be highly dependent on genetics as well as
to the unique biomechanics of the human spine. A
number of recent breakthroughs in genetic testing will
lead to improved diagnosis and treatments for patients
with adolescent idiopathic scoliosis. €

Christopher R. Good, M.D.

Dr. Good has extensive training and
experience in the treatment of complex
spinal disorders with special expertise
in non-operative and surgical treatment
of adult and pediatric spinal deformities
including  scoliosis, kyphosis, flatback,
and spondylolisthesis. Dr. Good has
L co-authored numerous articles and has
been invited to lecture nationally and internationally at the Scoliosis
Research Society, the International Meeting on Advanced Spinal
Techniques, the American Academy of Orthopaedic Surgeons, and
the North American Spine Society.

References

N o~

@

&

w

<))

=

0

e

10

20.

21.

—

22.

23.
24.

2!

26.

27.

28.

29.
30.

31

—

32.

en

. Goff, CW, Louis Bauer, orthopedist extraordinary. Clin. Orthop., 8:3-6,1956.

Nilsonne U, Lundgren KD. Long-term prognosis in idiopathic scoliosis. Acta Orthop Scand
1968;39:456-65.

BUNNELL, W. P. : A Study of the Natural History of Idiopathic Scoliosis. Orthop. Trans. , 7:
6,1983.

Lonstein JE, Carlson JM. The Prediction of Curve Progression in Untreated Idiopathic Scoliosis
during Growth. ] Bone Joint Surg. 66A: 1061-1071, 1984.

. DUVAL-BEAUPERE, G. : Pathogenic Relationship Between Scoliosis and Growth. In Scolio-

sis and Growth, pp. 58-64. Edited by P. A. Zorab. Edinburgh, Chiurchill Livingstone, 1971 .

Ogilvie JW, Braun J, Arglye V, et al. The Search for Idiopathic Scoliosis Genes. Spine. 31:

679-681. 2006.

Rogala EJ, Drummond DS, Gurr J. Scoliosis incidence and natural history: a prospective epide-

miological study. J Bone Joint Surg Am 1976;60:173-6.

Arkin AM. The mechanism of the structural changes in scoliosis. J Bone Joint Surg Am

1949;31:519-28.

Naique SB, Porter R, Cunningham AA, et al. Scoliosis in an Orangutan. Spine 2003;28:

E143-5.

. Kouwenhoven JM, Castelein RM. The Pathogenesis of Adolescent Idiopathic Scoliosis: A
Review of the Literature. Spine 2008;33, 2898-2908.

. Cotterill PC, Kostuik JP, D’Angelo G, et al. An anatomical comparison of the human and

bovine  thoracolumbarspine. JOrthop Res 1986;4:298-303.2906 Spine * Volume 33  Num-
ber 26 « 2008

Smit TH. The use of a quadruped as an in vivo model for the study of the spine—biomechani-
cal considerations. Eur Spine J 2002;11:137-44.

. Wilke HJ, Kettler A, Wenger KH, et al. Anatomy of the sheep spine and its comparison to the
human spine. Anat Rec 1997;247:542-55.

D’Aout K, Aerts P, De Clercq D, et al. Segment and joint angles of hind limb during bipedal
and quadrupedal walking of the bonobo (Pan paniscus). AmJ Phys Anthropol 2002;119:
37-51.

. Castelein RM, van Dieen JH, Smit TH. The role of dorsal shear forces in the pathogenesis of
adolescent idiopathic scoliosis-a hypothesis. Med Hypotheses2005;65:501-8.

Lowe TG, Edgar, M, Chir M, et al. Current Concepts Review Etiology of Idiopahic Scoliosis:
Current Trends in Research. J. Bone and Joint Surg., 82A:1157-1167, Aug 2000.
‘Wynne-Davies R. Familial (idiopathic) scoliosis. A family survey. J Bone Joint Surg Br
1968;50:24-30.

Robin GC, Cohen T. Familial scoliosis. A clinical report. J Bone Joint Surg Br 1975;57:
146-8.

Esteve, R.: Idiopathic scoliosis in identical twins. J. Bone and Joint Surg., 40-B(1): 97-99,
1958.

Fisher, R. L., and De George, F. V.: A twin study of idiopathic scoliosis. Clin. Orthop., 55:
117-126, 1967.

Kesling, K. L., and Reinker, K. A.: Scoliosis in twins. A meta-analysis of the literature and
report of six cases. Spine, 22: 2009-2015, 1997.

McKinley, L. M., and Leatherman, K. D.: Idiopathic and congenital scoliosis in twins. Spine,
3:227-  229,1978.

Murdoch, G.: Scoliosis in twins. J. Bone and Joint Surg., 41-B(4): 736-737, 1959.

Chan V, Fong G, Luk K, et al. A genetic locus for adolescent idiopathic scoliosis linked to
chromosome 19p13.3. Am J Hum Genet 2002;71:401-6.

Justice C, Miller N, Marosy B, et al. Familial idiopathic scoliosis: evidence ofan X-linked
susceptibility locus. Spine 2003;15;28:589-94.

Wise C, Barnes R, Gillum J, et al. Localization of susceptibility to familialidiopathic scoliosis.
Spine 2000;25:2373-80.

Alden KJ, Marosy B, Nzegwu N, et al. Idiopathic scoliosis: Identification of Candidate Re-
gionsof Chromosome 19p13. Spine 2006; 31: 1815-1819

Miller NH, Justice CM, Marosy B, et al. Identification of candidate regions for familial idio-
pathic scoliosis. Spine 2005;30:1181-7.

Miller NH. Genetics of familial idiopathic scoliosis. Clin Orthop Relat Res 2007;462:6-10.
Ward K, Nelson LM, Chettier R, et al. Genetic Profile Predicts Curve Progression in Adoles-
cent Idiopathic Scoliosis. Scoliosis Research Society Paper #4, 43rd Annual Meeting, 2008.
Ogilvie JW, Nelson LM, Chettier R, et al. Predicting Brace-Resistant Adolescent Idiopathic
Scoliosis. Scoliosis Research Society Paper #6, 43rd Annual Meeting, 2008.

Axial Biotech Press Release: Axial Biotech Releases Genetic Test for Adolescent Idiopathic
Scoliosis. Salt Lake City, UT, December 9, 2008.

SPRING 2009 VOL 4 No 1

Journal of The Spinal Research Foundation 17



