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determine the health impact of these screen-
ing programs. Patients with severe curves are
not difficult to diagnose. Although some
advocates still recommend school-based
screening of adolescents, there is no evidence
to support these programs. The American
Academy of Pediatrics recommends screen-
ing at physician visits. The USPSTF and the
Canadian Task Force on the Periodic Health
Examination state that insufficient evidence
exists to support universal school-based
screening. Radiographic decision-making
skills will help primary care physicians evalu-
ate severe scoliosis accurately.

Etiology
The etiology of adolescent idiopathic scol-

iosis is believed to be multifactorial, including
genetic factors. One study9 showed a 73 per-
cent phenotypic concordance of scoliosis in
monozygotic twins. Eleven percent of first-
degree relatives of patients with scoliosis are
affected. Inheritance of scoliosis varies, and
no single pattern of genetic transmission has
been accepted. The physiologic causes of sco-
liosis have not been elucidated. Muscular,
nervous system, hormonal, and connective
tissue defects have been noted in subgroups
of patients with scoliosis, but these abnor-

A
dolescent idiopathic scoliosis
is lateral and rotational spinal
curvature in the absence of
associated congenital or neu-
rologic abnormalities. Longi-

tudinal studies1,2 estimate the prevalence of
idiopathic scoliosis as 2 percent of the adoles-
cent population, using a definition of a spinal
curve greater than 10 degrees.3 However, clin-
ically significant curves in the range of 40 to
100 degrees are rare. Controversy surrounds
clinical recommendations for evaluating and
managing patients with a wide range of curve
sizes. Recent debate has centered on the value
of school-based screening programs.4

School-Based Screening
School-based scoliosis screening programs

are currently mandated in 26 states, with
many other states having voluntary pro-
grams. Several studies1,5,6 and the 1996 U.S.
Preventive Services Task Force (USPSTF)
Report7 question the value and cost-effective-
ness of these programs. Few children referred
for medical evaluation from these programs
receive any form of therapy.8 Furthermore,
the long-term health outcomes for treated
versus untreated patients with scoliosis have
not been well studied, making it difficult to

Adolescent onset of severe idiopathic scoliosis has traditionally been evaluated
using standing posteroanterior radiographs of the full spine to assess lateral cur-
vature with the Cobb method. The most tilted vertebral bodies above and below
the apex of the spinal curve are used to create intersecting lines that give the curve
degree. This definition is controversial, and patients do not exhibit clinically signif-
icant respiratory symptoms with idiopathic scoliosis until their curves are 60 to 100
degrees. There is no difference in the prevalence of back pain or mortality between
patients with untreated adolescent idiopathic scoliosis and the general population.
Therefore, many patients referred to physicians for evaluation of scoliosis do not
need radiographic evaluation, back examinations, or treatment. Consensus recom-
mendations for population screening, evaluation, and treatment of this disorder by
medical organizations vary widely. Recent studies cast doubt on the clinical value
of school-based screening programs. (Am Fam Physician 2002;65:1817-22. Copy-
right© 2002 American Academy of Family Physicians.)
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malities may be a result of the disorder rather
than a cause.10

Natural History
Studies11-13 of adolescent-onset scoliosis

have demonstrated that patients with scoliosis
show minimal progression in the magnitude
of the curve in adulthood if the curve is less
than 30 degrees at skeletal maturity. Although
curves in different regions of the spine
progress differently, curves measuring 40 to
50 degrees at skeletal maturity progress an
average of 10 to 15 degrees during a normal
lifetime, while curves measuring greater than
50 degrees at skeletal maturity progress at a
rate of approximately 1 to 2 degrees per year.11

Because of the controversy surrounding ideal
treatment strategies for patients with moder-
ate curves, estimation of curve progression
can aid in clinical management and counsel-
ing patients’ families about prognoses.

Estimation of skeletal maturity can be
determined by assessing the epiphyseal status
on wrist radiographs, the Risser sign, Tanner
stages, progressive sitting and standing height
measurements, and age at menarche.

Risser sign is defined by the amount of cal-
cification present in the iliac apophysis and
measures the progressive ossification from
anterolaterally to posteromedially. A Risser
grade of 1 signifies up to 25 percent ossifica-

tion of the iliac apophysis, proceeding to
grade 4, which signifies 100 percent ossifica-
tion (Figure 1). A Risser grade of 5 means the
iliac apophysis has fused to the iliac crest after
100 percent ossification. Children usually pro-
gress from a Risser grade 1 to a grade 5 over a
two-year period. One study8 found that im-
mature patients (Risser grades 0 and 1) with a
spinal curvature measuring 20 to 29 degrees
had a 68 percent probability of progression of
6 degrees or more during remaining growth.
Patients closer to maturity (Risser grades 2 to
4) and with the same degree of scoliosis had a 
23 percent probability of progression.8

Curves measuring 5 to 19 degrees in imma-
ture patients had a 22 percent probability of
progression, while small curves in mature
patients had only a 1.6 percent probability of
progression.8

If other clinical markers of maturity such
as Tanner staging or age at menarche are not
consistent with the Risser grade, curve pro-
gression may proceed at a different rate. Thus,
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FIGURE 1. Ossification of the iliac apophysis
starts at the anterior superior iliac spine and
progresses posteromedially. The iliac crest is
divided into quadrants, and the stage of
maturity is designated as the number of ossi-
fied quadrants. For example, 50 percent ossi-
fied is a Risser grade 2. On the anatomic left
(right side of the figure), all quadrants are
ossified and the apophysis is fused to the iliac
crest, for a Risser grade 5.
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A patient’s skeletal maturity can determine the risk of pro-
gression of more severe scoliosis curves.



multiple measures of maturity are important
to the clinical assessment of these patients.

Although a recent study14 showed an
increased incidence of precocious puberty, the
average female reaches a Tanner stage 1 at 11
years of age, the beginning of the growth spurt
at 11.5 years of age, a Risser grade 1 at 12 years
of age, and has an onset of menarche between
12 and 13 years of age. A female patient who
matures consistent with these averages will have
a relatively higher risk of curve progression
before 12 years of age and a relatively lower risk
of curve progression after 12.5 years of age.15

A scoliotic curve is more likely to progress
in females, and thoracic curves or curves with
a higher apex vertebral level are more likely to
progress than other types of curves.8,14 Severe
curves or moderate curves expected to pro-
gress beyond 100 degrees can lead to restric-
tive pulmonary disease and a possible reduc-
tion of life expectancy.11 Curves of this
magnitude usually have an infantile or juve-
nile onset rather than an adolescent onset.

Studies16,17 show an equal incidence of back
pain and mortality in the general population
and patients with adolescent idiopathic scoli-
osis. There are few recent studies18-20 that eval-
uate the long-term cosmetic and psychosocial
consequences of progressive spinal curves
from the perspective of patients with scoliosis.

Clinical Presentation and Evaluation
Family physicians may need to examine chil-

dren for scoliosis who have been referred from
school-based screening programs. Because
diastematomyelia (congenital splitting of the
spinal cord), syringomyelia (cavity in the spinal
cord), a tethered cord, or a spinal tumor can
cause spinal curvature, physicians should ask
the patient questions concerning neurologic
symptoms. Neurofibromatosis can be associ-
ated with scoliosis, and a unilateral cavus foot
can be a manifestation of intraspinal pathology.

Magnetic resonance imaging should be
obtained in patients with an onset of scoliosis
before eight years of age, rapid curve progres-
sion of more than 1 degree per month, an

unusual curve pattern such as left thoracic
curve, neurologic deficit, or pain. Spine
abnormalities may present during routine
examinations of 10- to 19-year-olds. Many
examination techniques are used to evaluate
patients presenting with spinal curvatures.
Traditionally, the Adam’s test with level plane
and ruler or a scoliometer evaluation of the
patient while bending forward was used to
guide clinical decision-making.19 These mea-
surements are difficult to standardize and
should only be obtained when they will affect
management decisions for an individual
patient or to reassure the patient and family.6

Height measurements of the patient sitting
and standing should be taken in the physician’s
office every three to four months. Document-
ing rapid height increases helps the physician
determine the onset of the adolescent growth
spurt and gauge the risk of rapid progression
of the spinal curve. Sitting heights can be mea-
sured with the patient sitting in a standard
chair and the height of the seat subtracted
from the total height. Changes in sitting height
can be less than changes in standing height and
give a better estimate of truncal growth rate.

Any examination data must be combined
with a thorough history to assess skeletal and
sexual maturation.21

If an examination of the back is conducted,
the physician should begin with a survey of
the back while the patient is standing. Physi-
cians may be misled by scapular or shoulder
asymmetry and should focus on waist crease
asymmetry or spine deviation during the
upright examination. When measuring waist
crease asymmetry, subtract perpendicular
height from the iliac crests on each side. Radi-
ographs should only be considered when a

Scoliosis

MAY 15, 2002  /  VOLUME 65, NUMBER 9 www.aafp.org/afp AMERICAN FAMILY PHYSICIAN 1819

Magnetic resonance imaging should be obtained in patients
with an onset of scoliosis before eight years of age, rapid
curve progression, an unusual curve pattern, neurologic
deficit, or pain.



patient has a curve that might require treat-
ment or could progress to a stage requiring
treatment (usually 40 to 100 degrees).22

Radiologic Evaluation and Classification
The standard radiologic evaluation of ado-

lescent idiopathic scoliosis consists of stand-
ing posteroanterior radiographs of the full
spine. Follow-up is necessary in those patients
with severe curves who are at risk for signifi-
cant curve progression or require some form
of treatment. Any discrepancy in leg length
should be corrected with a block placed under
the patient’s shorter leg when radiographs are
taken. One study23 has shown that long-term
management of scoliosis poses no radio-
graph-related risks to patients, but posteroan-
terior views assure maximal safety by mini-
mizing radiation to the breasts. The Cobb
method is used to measure the degree of scol-
iosis on the posteroanterior radiograph (Fig-
ure 2). In addition to curve degree, physicians
should describe curves as “right” or “left,”
based on their curve convexity. Standard mea-
surement error is 3 to 5 degrees for the same

observer and 5 to 7 degrees for different
observers when the same end vertebrae are
used for measurements.24,25 Thus, physicians
should use the same end vertebrae for subse-
quent measurements and assume that some
measurement change may be caused by error
rather than true curve progression.

Posteroanterior radiographs should be
viewed in reverse to normal chest radiographs
with the patient’s right side on the physician’s
right side. Curves are named for the location
of the apex vertebrae, and may be described as
thoracic (Figure 3), lumbar, thoracolumbar,
cervical, or double major (two curves in dif-
ferent spinal regions). A thoracolumbar curve
(Figure 4) has an apex vertebrae at T12 or L1.
Thoracic and lumbar curves have apex verte-
brae in the middle of the thoracic and lumbar
regions, respectively. A double curve (Figure 5)
has a major and a minor curve (based on size
and flexibility) and a primary and secondary
curve (based on respective development). A
compensatory curve is nonstructural and
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FIGURE 2. To use the Cobb method of measur-
ing the degree of scoliosis, choose the most
tilted vertebrae above and below the apex of
the curve. The angle between intersecting
lines drawn perpendicular to the top of the
top vertebrae and the bottom of the bottom
vertebrae is the Cobb angle.
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FIGURE 3. Posteroanterior radiograph of the
spine in a patient with a thoracic spinal curve.
Right thoracic curve, T6-11 (most tilted verte-
brae above apex of curve T6, most tilted ver-
tebrae below apex of curve T11). The degree
of curvature is 65.



develops to balance out a primary curve. A
nonstructural curve differs from a structural
curve because it can correct on lateral bend-
ing, distraction, or sitting.

Management and Follow-up 
The primary goal of treating adolescent

idiopathic scoliosis is preventing progression
of the curve magnitude. Curves less than 10 to
15 degrees require no active treatment and
can be monitored, unless the patient’s bones
are very immature and progression is likely.
Moderate curves between 25 and 45 degrees in
patients lacking skeletal maturity used to be
treated with bracing, but this treatment has

never been proven to prevent curve progres-
sion. Poor compliance with wearing a brace
obviates any potential usefulness of the ther-
apy.26 Much controversy surrounds brace
indications, and trends over the past 20 years
have moved toward no bracing or bracing
only the more significant curves (20 to 
50 degrees). Evidence27-29 showing the low
symptomatic burden of patients with curves
less than 60 degrees has influenced this trend
away from treatment with bracing.

Most patients with adolescent idiopathic
scoliosis who require treatment with a brace
may use a thoracolumbar-sacral orthosis
(TLSO) or a cervicothoracolumbar-sacral

Scoliosis
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Bracing and surgery are reserved for patients with severe
scoliosis curves.

FIGURE 4. Posteroanterior radiograph of the
spine in a patient with a thoracolumbar spinal
curve. Left thoracolumbar curve, T10-L3 (most
tilted vertebrae above apex of curve T10,
most tilted vertebrae below apex of curve L3).
The degree of curvature is 56.

FIGURE 5. Posteroanterior radiograph of the
spine in a patient with a double spinal curve.
Double curve: right thoracic curve, T5-12 with a
degree of curvature of 45; left lumbar curve,
T12-L4 with a degree of curvature of 35.



Scoliosis

orthosis (CTLSO). Recommendations for opti-
mal use of braces vary from eight to 24 hours a
day depending on the style of brace chosen.

In patients with a curve severe enough to
require surgery (greater than 45 degrees in
adolescents and greater than 50 degrees in
adults), rod placement and bone grafting may
be necessary to achieve partial or complete
correction. Patient preference is essential in
deciding on a surgical treatment, and primary
care physicians should work closely with
patients and their families to reach optimal
individual outcomes.

The author thanks Marc Asher, M.D., for editorial
assistance, and Anne D. Walling, M.D., for review of
the manuscript.

The author indicates that he does not have any con-
flicts of interest. Sources of funding: none reported.

REFERENCES 

1. Yawn BP, Yawn RA, Hodge D, Kurland M, Shaugh-
nessy WJ, Ilstrup D, et al. A population-based study
of school scoliosis screening. JAMA 1999;282:
1427-32.

2. Soucacos PN, Soucacos PK, Zacharis KC, Beris AE,
Xenakis TA. School-screening for scoliosis: a
prospective epidemiological study in northwestern
and central Greece. J Bone Joint Surg Am 1997;
79:1498-503.

3. Kane WJ. Scoliosis prevalence: a call for a state-
ment of terms. Clin Orthop 1977;126:43-6.

4. Higginson G. Political considerations for changing
medical screening programs. JAMA 1999;282:
1472-4.

5. Morais T, Bernier M, Turcotte F. Age- and sex-spe-
cific prevalence of scoliosis and the value of school
screening programs. Am J Public Health 1985;75:
1377-80.

6. Grossman TW, Mazur JM, Cummings RJ. An evalu-
ation of the Adams forward bend test and the sco-
liometer in a scoliosis school screening setting.
J Pediatr Orthop 1995;15:535-8.

7. U.S. Preventive Services Task Force. Guide to clini-
cal preventive services. 2d ed. Baltimore: Williams
& Wilkins, 1996:517-29.

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

9. Carr AJ. Adolescent idiopathic scoliosis in identical
twins. J Bone Joint Surg Br 1990;72:1077.

10. Miller NH. Cause and natural history of adolescent
idiopathic scoliosis. Orthop Clin North Am 1999;
30:343-52.

11. Weinstein SL, Ponseti IV. Curve progression in idio-
pathic scoliosis. J Bone Joint Surg Am 1983;65:
447-55.

12. Weinstein SL, Zavala DC, Ponseti IV. Idiopathic sco-
liosis: long-term follow-up and prognosis in
untreated patients. J Bone Joint Surg Am 1981;
63:702-12.

13. Weinstein SL. Natural history. Spine 1999;24:2592-
600.

14. Peterson LE, Nachemson AL. Prediction of progres-
sion of the curve in girls who have adolescent idio-
pathic scoliosis of moderate severity. Logistic
regression analysis based on data from The Brace
Study of the Scoliosis Research Society. J Bone Joint
Surg Am 1995;77:823-7.

15. Nachemson A. A long term follow-up study of
non-treated scoliosis. Acta Orthop Scand 1968;
39:466-76.

16. Branthwaite MA. Cardiorespiratory consequences
of unfused idiopathic scoliosis. Br J Dis Chest 1986;
80:360-9.

17. Cordover AM, Betz RR, Clements DH, Bosacco SJ.
Natural history of adolescent thoracolumbar and
lumbar idiopathic scoliosis into adulthood. J Spinal
Disord 1997;10:193-6.

18. Raso VJ, Lou E, Hill DL, Mahood JK, Moreau MJ,
Durdle NG. Trunk distortion in adolescent idio-
pathic scoliosis. J Pediatr Orthop 1998;18:222-6.

19. Bengtsson G, Fallstrom K, Jansson B, Nachemson
A. A psychological and psychiatric investigation of
the adjustment of female scoliosis patients. Acta
Psychiatr Scand 1974;50(1):50-9.

20. White SF, Asher MA, Lai SM, Burton DC. Patients’ per-
ceptions of overall function, pain, and appearance
after primary posterior instrumentation and fusion for
idiopathic scoliosis. Spine 1999;24:1693-700.

21. Amendt LE, Ause-Ellias KL, Eybers JL, Wadsworth CT,
Nielsen DH, Weinstein SL. Validity and reliability test-
ing of the Scoliometer. Phys Ther 1990;70:108-17.

22. Bunnell WP. Outcome of spinal screening. Spine
1993;18:1572-80.

23. Drummond D, Ranallo F, Lonstein J, Brooks HL,
Cameron J. Radiation hazards in scoliosis manage-
ment. Spine 1983;8:741-8.

24. Morrissy RT, Goldsmith GS, Hall EC, Kehl D, Cowie
GH. Measurement of the Cobb angle on radiographs
of patients who have scoliosis. Evaluation of intrinsic
error. J Bone Joint Surg Am 1990;72:320-7.

25. Pruijs JE, Hageman MA, Keessen W, van der Meer R,
van Wieringen JC. Variation in Cobb angle measure-
ments in scoliosis. Skeletal Radiol 1994;23:517-20.

26. DiRaimondo CV, Green NE. Brace-wear compliance
in patients with adolescent idiopathic scoliosis.
J Pediatr Orthop 1988;8:143-6.

27. Roach JW. Adolescent idiopathic scoliosis. Orthop
Clin North Am 1999;30:353-65.

28. Karachalios T, Roidis N, Papagelopoulos PJ,
Karachalios GG. The efficacy of school screening
for scoliosis. Orthopedics 2000;23:386-91.

29. Dickson RA. Spinal deformity—adolescent idio-
pathic scoliosis. Nonoperative treatment. Spine
1999;24:2601-6.

1822 AMERICAN FAMILY PHYSICIAN www.aafp.org/afp VOLUME 65, NUMBER 9  /  MAY 15, 2002


