From the Department of Orthopedic
Surgery, Boston Children’s Hospital, and
Harvard Medical School — both in Boston.

N Engl ] Med 2013;368:834-41.
DOI: 10.1056/NEJMcp1209063
Copyright © 2013 Massachusetts Medical Society.

834

c]3

An audio version
of this article is
available at
NEJM.org

The NEW ENGLAND JOURNAL of MEDICINE

CLINICAL PRACTICE

Idiopathic Scoliosis in Adolescents

M. Timothy Hresko, M.D.

This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical recommendations.

A 12-year-old girl presents with her parents after a positive school screening for sco-
liosis. Physical examination reveals shoulder and torso asymmetry with trunk imbal-
ance (i.e., shift from the midline). Neurologic and skin examinations are normal.
How should the patient be evaluated and treated?

THE CLINICAL PROBLEM

Scoliosis is the most common deformity of the spine. Although the term “scoliosis”
may be used by some clinicians to describe any curvature of the spine noted on
clinical examination or incidental finding on radiography, the term should be re-
served for a precise condition. Scoliosis is defined as a lateral curvature of the spine
that is 10 degrees or greater on a coronal radiographic image while the patient is in
a standing position (although the image is a representation of a three-dimensional
deformity).

Scoliosis is typically categorized according to cause. Congenital scoliosis is an
anatomical anomaly due to failure of formation or segmentation of the vertebral
column which, with growth, may lead to progressive spinal deformity. Neuromus-
cular scoliosis is deformity caused by dysfunction of the central nervous system
(e.g., spastic quadriplegia), dysfunction of the peripheral neuromuscular unit (e.g.,
muscular dystrophy and spinal muscular atrophy), or combined sensory and motor
dysfunction (e.g., syringomyelia). Scoliosis is common in patients with neurofibro-
matosis and in patients with certain connective-tissue diseases such as Marfan’s
syndrome or the Ehlers—Danlos syndrome. In most patients with scoliosis, how-
ever, the cause is unrecognized (i.e., idiopathic scoliosis). Idiopathic scoliosis is
subclassified as infantile (in children from birth up to 3 years of age), juvenile (in
children 3 to 10 years of age), adolescent (in children older than 10 years of age),
or adult. In adults, the development of scoliosis may be due to degenerative disk
disease. First-degree relatives of a person with scoliosis are at increased risk (10%
prevalence)'-?; this suggests a genetic basis for this condition, but specific genetic
determinants remain unclear.3*

Chest and trunk asymmetry, the basis for physical-examination screening for
scoliosis, is common in otherwise healthy children and adolescents. Only 1.6% of
high-school students have a completely symmetric posture.> Of more than 2000
children assessed in a school screening program, 4.1% had a positive result on the
basis of visual assessment while the student was standing and while bending for-
ward (the Adams forward-bend test) and measurement of rib prominence, 1.8% had
idiopathic scoliosis of greater than 10 degrees, and 0.4% required active treatment.®

In the growing child, the primary complication of scoliosis is disfigurement of
the torso with shoulder or waist asymmetry, trunk imbalance, or rib rotation. In
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KEY CLINICAL POINTS

IDIOPATHIC SCOLIOSIS IN ADOLESCENTS

The diagnosis of scoliosis is suspected on the basis of physical examination and is confirmed by radiography,
performed while the patient is in a standing position, that reveals spinal curvature of 10 degrees or greater.

Idiopathic scoliosis is present in 2% of adolescents. Adolescents with scoliosis should have a thorough physical
examination to rule out hereditary connective-tissue disorders (e.g., Marfan’s syndrome), neurofibromatosis, or
neurologic conditions.

Most adolescents with nonprogressive idiopathic scoliosis can be seen by a primary care physician and do not
require active treatment.

Bracing is commonly recommended in patients with an immature skeleton with curve progression of 25 to 45 degrees,
but data to support this approach are observational and inconsistent; a randomized trial comparing bracing with
observation for idiopathic scoliosis is currently in progress.

Surgical treatment is recommended in patients with an immature skeleton who have progressive scoliosis greater

than 45 degrees.

a 50-year natural-history study involving patients
with untreated idiopathic scoliosis, disfigurement
remained the major concern of patients into
adulthood.” Mild pain is common among chil-
dren with clinically significant curvature, but
severe pain that disrupts function or sleep is
atypical and requires evaluation to rule out un-
derlying conditions such as a tumor of the spinal
column, an infection, a Chiari I malformation
with a syrinx, or a tethered spinal cord.

Idiopathic scoliosis is not progressive in most
patients. The likelihood of progression is higher
in girls and in children with a large curvature and
remaining growth. Natural-history studies have
shown that scoliosis deformity that is less than
30 degrees at the end of growth rarely worsens
in adulthood, whereas scoliosis of greater than
50 degrees predictably worsens throughout adult-
hood at a rate of 0.75 to 1.00 degree per year.®
Therefore, the patient with an immature skeleton
with scoliosis of greater than 25 to 30 degrees is
at risk for progression.

Since lung volume approximately doubles from
the age of 10 years to skeletal maturity, growth of
the thoracic spine in the preadolescent is neces-
sary to achieve adult chest volume.® Adolescent
patients with thoracic scoliosis of greater than
50 degrees are at increased risk for shortness of
breath later in life (odds ratio, approximately 15 at
30-year follow-up and 4 at 50-year follow-up, as
compared with age-matched norms).” Lung vol-
umes are diminished as compared with norms

when thoracic idiopathic scoliosis reaches 70
degrees, and symptomatic restrictive pulmonary
disease is common in patients with a curve mag-
nitude that exceeds 100 degrees.'®

STRATEGIES AND EVIDENCE

EVALUATION
The physical examination is fundamental in the
diagnosis of scoliosis and elimination of under-
lying conditions that may cause spinal deformity.
Classic findings of scoliosis on examination are
shoulder and scapular asymmetry, rib prominence
on forward flexion on the Adams test (Fig. 1),
and asymmetry of the waist and trunk. Axial ro-
tation of the trunk on the Adams test can be
quantified with an inclinometer; rotation of less
than 7 degrees is associated with a 95% probabil-
ity of a curve that is less than 30 degrees on radi-
ography.> Skin examination is warranted to rule
out manifestations of neurofibromatosis (e.g.,
café au lait spots, subcutaneous fibromas, and
axillary freckling) and an ectodermal anomaly
such as midline spinal dimpling, suggestive of
incomplete closure of the neural tube. The ex-
tremities should be assessed for arachnodactyly,
or joint laxity, which is suggestive of heritable
connective-tissue disorders, as well as for in-
equality in leg length, which may cause a false
positive result on the Adams test. If a connective-
tissue disorder is suspected, referral for genetic
and cardiac evaluation is appropriate. Sensory,
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Figure 1. Inclinometer Test.

The patient is bent forward with the knees in extension
and the arms reaching toward the feet with the palms to-
gether. The inclinometer is placed at the apex of the rib
deformity, and the view is of the “horizon” of the spine.

reflex, or muscle testing may indicate nerve dys-
function associated with syringomyelia.

Spinal radiography remains the standard of
imaging for the evaluation of scoliosis. More than
90% of patients with idiopathic scoliosis will have
a convex curvature that is right thoracic or left
lumbar scoliosis. An atypical direction or location
of the curve should alert the examiner to possible
underlying conditions. A posteroanterior radio-
graph of the spine from C7 to the iliac crest is
recommended, obtained with digital-imaging
enhancement with the patient in a standing po-
sition (Fig. 2); this view reduces radiation expo-
sure to the thyroid and breast tissue. After initial
imaging that includes the lateral rib border to
assess for rib deformity, a breast shield can be
used for subsequent imaging. Lateral images of
the spine should be obtained in patients with
low back pain or lumbar scoliosis to assess for
spondylolisthesis as a cause of the scoliosis.
Radiographs obtained while the patient is bend-
ing are not needed in routine evaluation but are
indicated to evaluate the flexibility of the spine
in patients who are candidates for surgery.

2 6 degrees

Figure 2. Posteroanterior Radiograph of the Spine
in a Patient with an Immature Skeleton.

The radiograph, which was obtained while the patient
was in a standing position, shows a right thoracic sco-
liosis of 26 degrees from the 4th to the 10th thoracic
vertebrae, which is typical of an idiopathic scoliosis.

A secondary curve of 15 degrees to the left is shown in
the lumbar spine. The Cobb angle of measurement of
scoliosis is defined as the angle between a line parallel
to the superior vertebrae and a line at the inferior verte-
brae of the curve.

Assessment of skeletal maturity is critical in
predicting the risk of progression of scoliosis.
The growth velocity, as assessed by means of
serial height measurements, correlates with the
likelihood of progression of scoliosis. In girls,
peak growth velocity occurs in the year before
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menarche. If serial height data are not available,
skeletal maturity is assessed by means of radiog-
raphy to estimate bone age. A rating of skeletal
maturity has been developed that takes into ac-
count the appearance of the phalangeal physis
and the magnitude of the curvature. This rating
may predict the risk of progression to scoliosis
that requires surgical treatment, but it is based on
limited data.** Curvature progression is rare if
the magnitude is less than 30 degrees and the
patient has reached skeletal maturity (a bone age of
15 years in girls and 17 years in boys, or fusion
of the physis on the phalanges and metacarpals).
Magnetic resonance imaging (MRI) is useful
in the evaluation of an abnormality of the neural
axis, but it is not routinely required.*? Indications
for MRI in patients with idiopathic scoliosis are
onset before 10 years of age, kyphotic apex of the
scoliosis, clinically significant pain, a neurologic
abnormality, neurofibromatosis, or midline cuta-
neous anomalies (which are known to occur with
neural-tube defects). A left thoracic scoliosis is
atypical, but this finding alone is not an indica-
tion for MRI.1>** The onset of scoliosis before 10
years of age is associated with an occult intra-
spinal abnormality in approximately 20% of pa-
tients*3; MRI of the spine from the craniocervical
junction to the sacrum is recommended in this
age group if the scoliosis exceeds 20 degrees.

TREATMENT

Nonoperative Therapy

Most patients with nonprogressive idiopathic
scoliosis do not require treatment; often, prima-
ry care physicians perform periodic assessments
during periods of rapid growth. Figure 3 shows
an algorithm developed from observational data
for the management of scoliosis. The algorithm
is based on the clinical examination, age of the
patient, and magnitude of the curve.

Many nonoperative treatment options, such as
physical therapy, surface electrical stimulation,
and chiropractic treatment, have been proposed,
but supporting data are lacking from controlled
studies. Intervention with the use of a corrective
cast program is recommended for progressive
deformity in children younger than 3 years of
age. Casting is not used in older children for
long periods but may be useful in the juvenile
patient (3 to 10 years of age) to delay surgical
treatment or reduce the curve magnitude before
initiation of a bracing program.

Treatment with the use of a rigid thoracolum-
bar orthotic brace is currently preferred for chil-
dren 3 years of age through adolescence who are
at risk for progressive scoliosis (i.e., patients with
a curve magnitude of 25 to 45 degrees and con-
siderable growth remaining). A brace is used to
arrest the progression of scoliosis below the level
requiring surgical treatment. In a prospective
observational study involving girls 10 to 15 years
of age with scoliosis of 25 to 35 degrees, the rate
of success (defined as progression of <6 degrees)
at 4 years was 74% among those who underwent
bracing, as compared with 34% in an observa-
tion group and 33% in an electrical-stimulation
group,*® but conclusions are limited by the non-
randomized design and loss to follow-up. Re-
sults from bracing appear to be most positive
when the average daytime brace wear is at least
12 hours; a typical brace prescription is for 18 to
20 hours per day, since full adherence is rarely
achieved.*® The success of brace treatment in
preventing progression varied from 22% in an
observational retrospective analysis” that in-
cluded all patients who received a brace regard-
less of adherence to the recommended regimen
to 80% in a prospective study*® when wear ex-
ceeded 12 hours during the daytime. Studies of
the effectiveness of bracing have been limited
by variability in indications for brace therapy
(with respect to the risk of progression) and in
brace treatment regimens. A multicenter, ran-
domized trial comparing bracing with watchful
waiting, the Bracing in Adolescent Idiopathic
Scoliosis Trial (BrAIST), is in progress, with
enrollment completed (ClinicalTrials.gov number,
NCT00448448).1°

Operative Treatment

Operative treatment is indicated when progres-
sive scoliosis exceeds 45 degrees in patients with
an immature skeleton or when progression or as-
sociated pain occurs after skeletal maturity. The
original surgical technique for scoliosis in ado-
lescents, which was introduced in the 1960s, in-
volved a spinal fusion and internal fixation with
a stainless-steel Harrington rod to maintain the
spine in a straighter position. At present, in chil-
dren younger than 10 years of age, implants are
placed without fusion to allow continued spinal
and chest growth.2° Improvements in surgical
techniques and implants have resulted in reduced
complications and improved outcomes. However,
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A
Inspect
Is the pelvis level?
Is the waist symmetric?
Are the shoulders level?
Perform Adams forward-bending test
If shoulders and torso asymmetric on
examination, measure with inclinometer
Inclinometer reading, <7 degrees Inclinometer reading, =7 degrees
Follow-up in 6-12 mo according Perform further evaluation
to growth potential Obtain posteroanterior scoliosis radiograph
from C7 to iliac crest while patient is in
standing position
Request Cobb angle in radiography order
Follow-up according to Cobb angle
B

Growth Potential

Prepubertal girl or boy
age =10 yr

Pubertal premenarchal
girl or boy age 12 to
<l4yr

Postmenarchal girl or boy

age 14 to <16 yr

Girl 2 yr after menarche

10-14 degrees

Follow-up in 1 yr
Repeat history and
algorithm

Follow-up in 1 yr
Repeat history and
algorithm

Follow-up in 1 yr
Repeat history and
algorithm

No treatment necessary

or boy age 16 to <18 yr Reassure patient

15-19 degrees

Follow-up in 3—6 mo

Repeat history and
algorithm

Refer if there is an
increase in Cobb
angle of =5 degrees

Follow-up in 3 mo

Repeat history and
algorithm

Refer if there is an
increase in Cobb
angle of =5 degrees

Follow-up in 6 mo

Repeat history and
algorithm

Refer if there is an
increase in Cobb
angle of =5 degrees

No treatment necessary
Reassure patient

Cobb Angle
20-24 degrees

Refer or follow-up in
3 mo

Repeat radiographic
assessment of Cobb
angle

Refer if there is an
increase in Cobb
angle of =5 degrees

Follow-up in 3 mo

Repeat radiographic
assessment of Cobb
angle

Refer if there is an
increase in Cobb
angle of =5 degrees

Follow-up in 6 mo

Repeat radiographic
assessment of Cobb
angle

Refer if there is an
increase in Cobb
angle of =5 degrees

Follow-up in 5 yr

Repeat radiographic
assessment of Cobb
angle

Refer if there is an
increase in Cobb
angle of =5 degrees

25-29 degrees

Refer
Visit in 1 mo

Refer
Visitin 1 mo

Follow-up in 6 mo

Repeat radiographic
assessment of Cobb
angle

Refer if there is an
increase in Cobb
angle of =5 degrees

Follow-up in 5 yr

Repeat radiographic
assessment of Cobb
angle

Refer if there is an
increase in Cobb
angle of =5 degrees

=30 degrees

Refer
Visitin 1 mo

Refer
Visitin 1 mo

Refer
Visit in 1 mo if Cobb
angle is =45 degrees

Refer
Visit in 1 mo if Cobb
angle is =45 degrees

Figure 3. Algorithm for the Diagnosis and Management of Scoliosis in an Adolescent with an Asymmetric Posture.

Panel A shows the inspection algorithm. Panel B shows suggested follow-up according to the Cobb angle if there are no red flags present.
Red flags include clinically significant pain, neurofibromatosis, connective-tissue disorders, left curvature, neurologic abnormalities, foot
deformity, and excessive lordosis or kyphosis. Among children between the ages of 12 and 14 years, the risk of progression of scoliosis
is increased if they are female and undergoing a growth spurt. “Refer” indicates referral to an orthopedist for evaluation.
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since current techniques still involve spinal fu-
sion over the implant, the tradeoff for the correc-
tion of the curvature is a loss of spinal motion. In
the thorax, the restriction of rotation is well tol-
erated, and many patients return to all preopera-
tive activities after surgery. However, spinal fusion
extending into the lumbar spine has been associ-
ated with reduced activity levels and development
of degenerative arthritis. The “flatback” syn-
drome, a condition characterized by pain and the
loss of lumbar lordosis, occurred with the origi-
nal Harrington distraction technique??; it occurs
much less frequently with modern segmental spi-
nal instrumentation, which corrects the scoliosis
while maintaining an anatomical sagittal pos-
ture of balanced thoracic kyphosis and lumbar
lordosis. Currently, most surgeons prefer a dual-
rod, segmental spinal-fixation system that allows
multiple anchor points for attachment to the de-
formed spine. The typical postoperative hospital
stay in the United States is 4 or 5 days, and most
adolescents return to school 4 to 6 weeks after
the procedure.

As with other procedures involving metallic
implants, infection is a major concern. Early post-
operative infections (within 3 months) compli-
cate approximately 1% of operations in other-
wise healthy adolescents and are usually due to
Staphylococcus aureus or streptococcus; treatment
involves débridement and 4 to 6 weeks of intra-
venous antibiotic therapy followed by oral anti-
biotic suppression until the fusion bed is well
established. Late-onset infections (>1 year after
the operation), generally caused by Propionibacte-
rium acnes or S. epidermidis, are less common.2223
Late-onset or recurrent infection ultimately re-
quires removal of spinal implants, with antibi-
otic treatment according to culture results to
cure vertebral osteomyelitis.>* Spinal cord injury
is a rare complication of surgical correction (in-
cidence, 0.1 to 0.5%)?%; spinal stenosis, Chiari
malformation, tethered spinal cord, and syrinx
are risk factors for this complication. MRI of the
spinal cord before corrective surgery is indicated
in early-onset scoliosis or when clinical findings
suggest spinal cord disease. Multimodal intraop-
erative neurologic monitoring with sensory evoked
and motor evoked potentials has supplanted the
wake-up test (lightening anesthesia and with-
holding paralytic agents to assess patient move-
ment in response to verbal commands) for the
detection of neurologic deficits during surgery.

Ten years after initial surgery for idiopathic
scoliosis, 3 to 10% of patients undergo subse-
quent surgery.2%2’ A retrospective case series in
Sweden involving more than 20 years of follow-
up of 156 patients who underwent surgery (91%
follow-up) or bracing (87% follow-up) showed
similar general health (assessed by means of the
36-Item Short-Form Health Survey) and extent of
disability when successful fusion was achieved,
although both groups had a higher frequency of
back pain, sick-leave days, and degenerative disk
disease on radiography as compared with age-
matched controls.282°

AREAS OF UNCERTAINTY

School-based screening for scoliosis is mandated in
some states because of the belief that early detec-
tion should lead to improved nonsurgical treat-
ment. Some professional organizations continue to
recommend school screening (see Guidelines) even
though data are lacking from randomized trials to
show that screening results in improved outcomes.

Bracing is frequently used, but its effectiveness
remains uncertain. The ongoing BrAIST com-
pares bracing with watchful waiting.

The role of surgery is controversial in patients
with a mature skeleton and a curvature greater
than 50 degrees but without pain or appreciable
progression. Natural-history studies show an av-
erage rate of progression of 0.75 to 1.00 degree
per year, whereas the radiographic measurement
of scoliosis is accurate to plus or minus 5 degrees.
Consequently, progression may be appreciated
only after 5 to 10 years. With the development of
pedicle-screw fixation techniques, safe and ef-
fective surgical treatment is available for young
adults, with results that may be similar or close
to those obtained in adolescents. Available data
provide support for a strategy of observation and
periodic reevaluation for the development of pain
or progression; however, rates of surgical com-
plications increase with age.3°

A genetic-screening test based on identifica-
tion of single-nucleotide polymorphisms to pre-
dict the risk of progression of mild idiopathic
scoliosis to scoliosis that requires surgical treat-
ment is commercially available, but it has not
been independently validated.?* Data are currently
lacking to indicate that genetic testing adds
meaningfully to predictions made on the basis
of skeletal maturity and curve magnitude.
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GUIDELINES

Consensus guidelines of the American Academy
of Pediatrics, Scoliosis Research Society, Ameri-
can Academy of Orthopaedic Surgeons, and Pedi-
atric Orthopaedic Society of North America3?
recommend screening for scoliosis by means of
visual inspection in girls in 5th grade (age 10 to
11 years) and again in 7th grade, and in boys in
8th grade (age 13 to 14 years). Owing to the lack
of data to support improved outcomes with such
screening, the U.S. Preventive Services Task Force
has recommended against routine screening.3*> To
my knowledge, there are no professional guide-
lines for the management of idiopathic scoliosis.

CONCLUSIONS
AND RECOMMENDATIONS

The patient in the vignette has findings on a
physical examination that are typical of idiopathic
scoliosis (uneven shoulders, rib prominence on

the forward-bend Adams test, and no skin, ex-
tremity, or neurologic findings to suggest a sec-
ondary cause). Evaluation should include a pos-
teroanterior spinal radiograph obtained while the
patient is in a standing position. If the patient
has a curvature of 20 degrees or greater and an
immature skeleton, referral to an orthopedic sur-
geon is appropriate. Brace treatment is common-
ly recommended for patients with a curve magni-
tude of 25 to 45 degrees and clinically significant
growth remaining, but it requires adherence to
the recommended number of hours of treatment
(usually >12 hours daily) until the skeleton is ma-
ture. In addition, the benefits of brace treatment
versus watchful waiting remain unclear, pending
results of an ongoing randomized trial. Surgery
is indicated in patients with an immature skele-
ton if progressive scoliosis exceeds 45 degrees.

Dr. Hresko reports receiving travel reimbursement from
NuVasive. No other potential conflict of interest relevant to this
article was reported.

Disclosure forms provided by the author are available with the
full text of this article at NEJM.org.
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