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MRI (as in this colorized image) plays an important role in
evaluating the patient with scoliosis, including a search for
associated congenital, neurologic, or spinal abnormalities.

Al
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Scoliosis

Early Identification
8 of Affected Patients
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Scoliosis encompasses a wide spectrum of orthopedic
issues, from the simple (requiring watchful waiting) to

the extreme (requiring multiple surgeries). Scoliosis
represents a diagnostic challenge for the clinician, as

it can be congenital, neuromuscular, syndrome-related,

or idiopathic—as in 80% of cases. Adolescent idiopathic
scoliosis, the most common form of this musculoskeletal
diagnosis, is often painless and can be treated nonsurgically
if it is identified early.



majority of practitio-

ners will at some time

encounter scoliosis, the

most common spinal
deformity seen in pediatric prac-
tice.! This musculoskeletal condi-
tion can be found incidentally dur-
ing routine exams, in the urgent
care setting, in the emergency de-
partment (ED), or on chest x-rays
or other radiographs. In primary
care, scoliosis may be overlooked,
particularly when the etiology
is idiopathic or when well-child
visits or routine back exams have
been missed.'

The focus of this review will be
on early identification of affected
patients (most commonly those
with adolescent idiopathic sco-
liosis), with emphasis on evalu-
ation through an excellent physi-
cal examination and ordering of
appropriate radiographs. Watch-
ful waiting and monitoring are
the norm; however, implement-
ing carefully selected treatment
options, such as bracing, or mak-
ing an appropriate referral may
make it possible to slow or stop
curve progression.'

SCOLIOSIS: THE DEFINITION

Scoliosis is a coronal curvature
(lateral deviation of the spine) of
more than 10°, usually with a ro-
tational component."* A healthy
spine is straight in the frontal
plane, but curved in the sagittal
plane. Normal circumstances in-
clude thoracic kyphosis (outward
curve of the upper back) and
lumbar lordosis (inward curve
of the lower back).® The scoliotic
spine deviates away from the
midline, and maximal rotation
is at the apex of the curve. The
apex or point of the curve defines
its center, that is, the most later-
ally deviated vertebra or disc.
The first curve to develop is the
primary curve; however, when a
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patient presents with two or three
curves, it is difficult to determine
which curve is primary.

The secondary curve is a com-
pensatory curve, which develops
as a means to balance the head
and trunk over the pelvis. A simi-
lar compensation may occur in
the sagittal plane, exacerbating
the normal kyphosis or lordosis
or possibly causing rib or scapu-
lar prominences.® Cervical curves
can also develop but are more
commonly associated with con-
ditions other than idiopathic sco-
liosis.® Cervical scoliosis will not
be reviewed here.

THE EPIDEMIOLOGY OF
SCOLIOSIS TYPES

Eighty percent of all scoliosis pa-
tients are diagnosed with idio-
pathic scoliosis (which may be
present in 2% to 3% of the popu-
lation)."® The remaining 20% are
diagnosed with congenital, neu-
romuscular, or syndrome-related
spinal deformities.! The overall
prevalence of idiopathic scoliosis
(with curves greater than 10°) is
1 to 3 per 100, with a comparable
proportion of girls and boys. The
prevalence of those with curves
greater than 30°is 1 to 3 per 1,000,
with a boy-girl ratio of 1:8.” In the
child who is skeletally mature,
scoliosis curves measuring less
than 30° usually do not progress.
However, most curves greater
than 50° tend to progress at about
1° per year.’

Idiopathic scoliosis is broken
down into age ranges.? Infantile
scoliosis is diagnosed from age 0
to 3 years and comprises 0.5% of
cases; juvenile scoliosis, with an
age range of 4 to 9 years, repre-
sents 10.5% of cases; and adoles-
cent scoliosis, diagnosed any time
after age 10, accounts for 89% of
cases.” The four main types of
scoliosis will be discussed.

Congenital

Congenital scoliosis is defined as
a malformed or segmented por-
tion of the spine, a failure of for-
mation of a portion of the spine,
or a combination of the two.’
This results in block vertebrae or
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TABLE 1

Scoliosis21.12

Conditions Associated with Congenital (or Other)

Associated diagnosis

Clinical findings

syndrome)

VACTERL (previously called VATER

Vertebral anomalies

Anal atresia/anomalies

Cardiac abnormalities

Tracheo-esophageal fistula

Renal/vascular anomalies

Limb abnormalities

Plagiocephaly

Skull flattened on one side

Tilted rotational position of
the head (torticollis)

Spinal abnormalities (20% — 40%)

Spinal tumors, including
osteoid osteoma, intradural
masses

Diastematomyelia

Tethered cord syndrome

Syringomyelia

Arnold-Chiari malformation

Disc herniation

Heart defects (about 30%)

Atrial or ventral septal
defects

Patent ductus arteriosus

Tetrology of Fallot

Genitourinary defects (about 20%)

Hypoplastic or unilateral
kidneys

Ureter obstruction

Hypospadias

Mayer-Rokitansky-Kuster-
Hauser syndrome

Sources: Horan and Milbrandt. Pedliatr Health. 2009'; Herring. Tachdjian’s Pediatric
Orthopaedics. 2008°; Basu et al. Spine (Phila Pa 1976). 2002'"; Fisher et al. South Med J.

2000.1?

hemi-vertebrae, or possibly the
fusing of two vertebrae with a
bony bridge. Because the associ-
ated curves are often rigid, they
can be resistant to correction.
Worldwide, prevalence of con-
genital vertebral anomalies is 0.5
to 1.0 per 1,000 live births.*°
Congenital scoliosis can be as-
sociated with many other con-
genital abnormalities, as embry-
onic development of the spine
occurs at the same time as that
of the heart, kidneys, bowel, and
bladder.! Congenital scoliosis can
occur with any of these defects or
in the setting of a syndrome, such
as VACTERL'*! (ie, vertebral de-
fects, anal atresia, cardiac defects,
tracheo-esophageal fistula, renal
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defects, and limb abnormalities?;
see Table 1**'*12), If even one such
defect or abnormality is found,
associated comorbid conditions
should be actively sought.*

In many instances, these abnor-
malities are noted when children
are young; in children younger
than 5 years, MRI is warranted,
and these patients almost always
need sedation during imaging. In
the young child who also exhibits
urologic issues, an MRI work-up
for genitourinary defects can be
performed at the same time."

Patients with abnormal car-
diac findings (eg, heart murmur)
should be referred for a cardiol-
ogy work-up.'*** Chest wall defor-
mities may also be present in chil-
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TABLE 2
Diseases Associated
With Neuromuscular
Scoliosis"#>

Muscular dystrophy

Cerebral palsy

Friedreich’s ataxia

Spinal muscular atrophy

Spina bifida
(myelomeningocele)

Familial dysautonomia
(Riley-Day syndrome)

Werdnig-Hoffman disease

Poliomyelitis

Sources: Horan and Milbrandt. Pedliatr

Health. 2009'; Taft and Francis. J Pediatr
Health Care. 2003%; Spiegel and Sarwark.
Essentials of Musculoskeletal Care. 2010.°

dren with congenital scoliosis.
Multiple congenital rib fusions
can cause chest wall constric-
tion, possibly inhibiting growth
and lung development. Untreat-
ed, this condition can ultimately
shorten a child’s lifespan.'

Neuromuscular

Spinal curvature in a patient
with a neuromuscular disease
is referred to as neuromuscular
scoliosis (see Table 2)."*° Most di-
agnoses within this category are
genetic in nature, although some
can result from a traumatic brain

>PRIMARYPOINT

Curves are left-sided in 75% to 90%
of infants with scoliosis, but are more
commonly right-sided in late-onset
(juvenile or adolescent) scoliosis.

injury and/or anoxia (eg, cerebral
palsy). Given that this disease
state is detected early in most
patients’ lives, they are generally
followed by an orthopedist (or
more specifically, by a pediatric
orthopedist) once necessary test-
ing, such as radiography or MRI,
has been completed."*®

Syndrome-related

Patients may have certain genetic
conditions or syndromes that put
them at high risk for scoliosis.

The two conditions most com-
monly associated with scoliosis
are Marfan syndrome (60%) and
neurofibromatosis (10% to 15%).!
Many patients in both groups will
require MRI for evaluation; given
that they are at high risk for lum-
bar spondylolisthesis (slippage
between two lumbar vertebrae),
care should be taken to evaluate
for this possible secondary find-
ing.'®'" It should be noted that pa-
tients with Marfan syndrome are
at high risk for cardiac abnormal-
ities, and those with neurofibro-
matosis, for dural ectasia and/
or Chiari malformations (which
would be detected by MRI).!¢18
Patients who have undergone
chest wall surgery, such as tho-
racotomy for congenital heart
defect repair, should be evalu-
ated for scoliosis. The incidence
of scoliosis is elevated in patients
with heart defects, and the asso-
ciation is even greater in those
who have had chest wall surgery,
especially before age 18 months."

IDIOPATHIC SCOLIOSIS
Because, by definition, no cause
is known, idiopathic scoliosis
is considered a diagnosis of ex-
clusion. Affected patients have
a normal neurologic exam and
usually have no presenting
symptoms or evidence of spinal
abnormalities.! Since 1954, id-
iopathic scoliosis
has been divided
into three age-
groups, as these pe-
riods correspond to
phases of increased
growth velocity that
occur during child-
hood and adolescence.?>*

Infant

A diagnosis of early-onset scolio-
sis is made when a child presents
with scoliosis before age 5; any
affected child between 0 and 3
years of age may be included in
the infant scoliosis classification.?
All congenital, neuromuscular,
and syndrome-related causes
will have been excluded. It is felt
among many experts that there is
always a genetic or familial com-

ponent to scoliosis. Therefore,
when a child’s family history is
positive for scoliosis, the child
should be aggressively screened,
and the family should be educat-
ed to observe for signs of scoliosis
and seek practitioner involvement
as soon as any are evident.?

Athorough examination should
be completed to rule out organ
involvement in the presence of
infant scoliosis. It is recommend-
ed that any infant with scoliotic
curves greater than 20° undergo
MRI of the head and spine to rule
out central nervous system le-
sions or structural abnormalities.
The risk for respiratory failure-
related morbidity and mortality
is increased in children with un-
treated early-onset scoliosis who
experience curve progression.
Rare progressive curves often can
be addressed surgically, preserv-
ing spine and trunk growth while
also achieving curve correction.?

In the majority of cases of in-
fant scoliosis (75% to 90%), curves
are left-sided (levoscoliosis)—in
contrast to the right-sided curves
(dextroscoliosis) more commonly
noted in late-onset (juvenile or
adolescent) scoliosis®** (see Fig-
ure 1). Infant scoliosis is slightly
more common in boys (60%)
than in girls.*!

Neither curve lateralization
nor gender makes a difference in
treatment.” Approximately 90% of
early-onset curves resolve spon-
taneously, especially in those
who are diagnosed before age 1
year. Progression occurring at a
rate of 2° to 3° per year is consid-
ered gradual, whereas malignant
progression often worsens by 10°
or more per year, with the con-
dition possibly becoming severe
and disabling.?*

Any infant given a diagno-
sis of scoliosis by a practitioner
other than a pediatric orthope-
dist should be referred as soon
as possible. On referral, copies of
previously obtained radiographs
and/or MRI should be presented
or sent to the orthopedic practi-
tioner, along with the history and
physical exam findings, to avoid
the need for repeated imaging.
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FIGURE 1

Standing posterior/anterior
radiograph of a 15-year-old
girl, demonstrating
dextroscoliosis of 50° in the
thoracolumbar region.

Courtesy of Allan Beebe, mp,
Pediatric Orthopedist, Spine Specialty,
Nationwide Children’s Hospital,
Columbus, Ohio.

Juvenile

Juvenile idiopathic scoliosis is
diagnosed in patients between
ages 4 and 9. Presentation in
younger members of this age-
group tends to resemble that in
infantile idiopathic scoliosis, and
children in the middle to upper
age range tend to present as ado-
lescent patients do.> Most juve-
nile patients’ curves will resolve
without treatment (especially
younger children’s).

It is recommended that chil-
dren with juvenile idiopathic
scoliosis undergo MRI to rule out
brain or spinal abnormalities. In
up to 20% of children younger
than 10 with curves exceeding
20°, findings on MRI are abnor-
mal.® Observation with close
monitoring of curve progression
is key in this population, especial-



TABLE 3

Components of Physical Examination'347.23

Observation

Overall body shape

Thoracic kyphosis or lumbar lordosis?

Chest: pectus excavatum or carinatum?

Foot: cavus or high arch?

Leg length discrepancy?

Tanner staging

Last menstrual period (typically, women continue to grow until
approximately 2 years after their first menses)

and stratify risk)

Height/weight at each visit (can help predict growth potential

Skin

Sacrum: hairy patches, dimpling?

Axillary or groin freckling?

Café au lait spots?

Back

Adams forward bend test (scoliometer)

Shoulders: same height level?

Pelvic obliquity?

Prominent ribs? (anterior or posterior)

Prominent scapula?

Muscle spasms?

Motor

Upper: any contralateral differences?

Lower: any contralateral differences?

Ambulation/gait: limp or other abnormality?

Any pain on exam or ambulation?

Side-to-side bending

Neurologic

All extremity reflexes

Abdominal reflexes

Sensation: altered in one area?

Cranial nerves

Babinski’s test

Sources: Horan and Milbrandt. Pediatr Health. 2009"; Scoliosis Research Society. 20123;
Taft and Francis. J Pedliatr Health Care. 2003%; Janicki. In: Miller et al. Essential Orthopediics.
20107; Lew and Kothbauer. Pediatr Neurosurg. 2007.%

ly if rapid progression is evident.
In children with juvenile idio-
pathic scoliosis and rapid-onset
curve progression, severe trunk
deformity or pulmonary and/or
cardiac compromise can devel-
op. Curves that reach 30° almost
always continue to worsen unless
treatment is given.*” Timely re-
ferral to a pediatric spine ortho-
pedist is warranted for children
in this age-group.

Adolescent
It is during adolescence (ages 10
to 18) that idiopathic scoliosis is
most common. Approximately
2% to 3% of children ages 10 to 15
have scoliosis with a curve of at
least 10°. Among these patients,
however, just 5% have scoliosis
of clinical significance to warrant
treatment (ie, curve progression
> 300)_5,22

Each child should be exam-

ined initially for nonstructural
scoliosis. This includes postural
scoliosis, which resolves when a
child is recumbent; compensa-
tory scoliosis, which can be the
result of a leg-length discrepancy
(with no fixed vertebral rotation);
sciatic scoliosis, an abnormal-
ity that results from avoiding the
pain of an irritated sciatic nerve;
inflammatory scoliosis, which
could result from an infectious
process, such as acute appendici-
tis; and hysterical scoliosis, a very
rare form with an underlying psy-
chological factor.*

Structural scoliosis comprises
the remaining types of scoliosis,
including the idiopathic variety.
Patients with adolescent idio-
pathic scoliosis (AIS) are older
than 10 and usually undergoing
arapid growth phase. Thus, some
adolescent patients’ curves can
progress rapidly.*

Adolescents with idiopathic
scoliosis rarely complain of pain
or neurologic symptoms. Gener-
ally, their spinal curves do not
cause organ pressure or short-
ness of breath. Many patients
with AIS are involved in extracur-
ricular activities that can trigger
low back pain, yet activity-related
low back pain is not an uncom-
mon complaint among teens in
general. Therefore, it is felt that
when a patient with AIS has inter-
mittent low back pain, it is most
likely not related to their curve(s).
Nevertheless, if a patient with
AIS develops continued or un-
explained low back pain and/or
new neurologic symptoms, MRI
is warranted.?

HISTORY,

PHYSICAL EXAMINATION,

AND DIAGNOSIS

During the exam, elicit any fam-
ily history of scoliosis, especially
in the setting of known diseas-
es, such as Marfan syndrome,
neurofibromatosis, muscular
dystrophy, or other related dis-
eases. Approximately 30% of AIS
patients have a family history of
scoliosis, so although the cause
may not be clear, some genetic
component is possible.? The ex-
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amination should stem from the
patient’s current stage of growth
and development (see Table
3134723) The diagnosis of scolio-
sis is typically made during the
examination and confirmed by
radiography.

The newborn patient should be
kept warm but be wearing only a
diaper during the exam. A child or
adolescent should be undressed
and wearing a patient gown (un-
less at a school screening).

A general observation should
be done initially, including the
child’s overall shape. The exam-
iner should look for marfanoid
features, such as excessive height,
long arms, long trunk, and joint
laxity.” In the examination of the
feet, an extremely high arch or ca-
vus foot may be indicative of teth-
ered spinal cord, spinal syrinx,
or Charcot-Marie-Tooth disease,
especially if the cavus is unilat-
eral."”* MRI would be warranted
in these instances.!

The examining clinician
should note the child’s Tanner
stage. Height and weight mea-
surements should be taken, and
for a girl, age at menarche should
be recorded.*

Next, the skin should be care-
fully inspected. In the infant, the
examiner should look for hairy
patches at the base of the spine,
cutaneous sinuses, sacral dim-
pling, or other skin lesions that
may suggest spinal dysraphism
(ie, failure of the posterior ele-
ments to fuse around the spinal
cord).* Examination for café au
lait spots and/or freckling in the
axilla or groin area should be in-
cluded, as this could signify neu-
rofibromatosis.*”

Examine the back in a stand-
ing child. Note whether the head
appears to be centered over the
sacrum. Evaluate for shoulder
height or truncal asymmetry,
scapular or posterior rib promi-
nence, and excessive thoracic
kyphosis and/or lumbar lordo-
sis. Examine the pelvic bones,
looking for obliquity (ie, one
side higher than the other). Look
for leg length discrepancy, both
while the patient is standing still
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FIGURE 2

Adams forward bend test
Drawing courtesy of Dustin Horn.

and during a gait review.!

During an anterior exam, look
for shoulder or truncal asym-
metry, leg length discrepancy,
and anterior rib prominence. If
shoulder height asymmetry is
apparent, measure from each
acromioclavicular joint to the
floor and note the difference in
centimeters. In the case of pel-
vic obliquity, measure from each
anterior (or posterior) superior
iliac spine to the floor and note
the difference in centimeters. If
the head does not appear to align
over the sacrum, lower a plum
line from the spinous process of
C7 down to the gluteal cleft level.
Measure by centimeters the dis-
tance from the cleft to the line,
noting the side to which the line
sways.

View the patient from the
side. The sagittal curve can be
assessed from the occiput to
the sacrum; observe for an in-
creased lordotic or kyphotic
curve or abnormal positioning
related to abnormal curves.*

The Adams forward bending
test should be conducted.***

The child who is able to stand
faces away from the examiner,
then bends forward at the waist
with the knees straight and the
arms hanging down passively
(see Figure 2). The practitioner
looks at the spine from behind
and notes anyrib, thoracic, scap-
ular, or lumbar prominence that
could indicate a rotational spine
deformity."*” In some instances,
the use of a scoliometer can be
helpful to assign a number to the
amount of rotation to the spine
during the Adams forward bend
test. However, primary care of-
fices are not often equipped with
this device.?®

Motor and Neurologic
Examinations
The motor exam includes test-
ing motor strength in all four ex-
tremities and noting any asym-
metry. The examiner should
have the child actively bend in
every direction, making note
of any deformity, stiffness, or
asymmetry. The patient’s spine
should be palpated, with any
tenderness noted, and any avail-
able radiographs reviewed."*”
The neurologic exam includes
testing cranial nerves, sensation,
and reflexes, including the patel-
lar, Achilles, and umbilical re-
flexes, as well as Babinski’s sign.
Many patients are areflexic in
one or more areas. For instance,
a finding of no umbilical (ab-
dominal wink) reflex on either
side is not suspicious in itself,
but it should alert the practi-
tioner to evaluate carefully for
asymmetrical reflexes in one or
more areas, especially if they are
ipsilateral. Any positive neuro-
logic findings, especially in the
setting of scoliosis, warrant an
MRI."

Scoliosis Screening in the
School Setting

One controversial subject relat-
ed to scoliosis is school screen-
ings. These screenings were de-
veloped in the 1980s for early
identification of children with
scoliosis curves so that nonsurgi-
cal treatment could be initiated

promptly, or that surgery, when
deemed necessary, could be per-
formed in a timely fashion for
optimal results.?”

Since then, the effectiveness
of screening programs has come
under debate; in 2004, the US Pre-
ventive Services Task Force® is-
sued a recommendation (rating,
“D Recommendation”) against
routine screening for idiopathic
scoliosis in asymptomatic ado-
lescents, stating that its effective-
ness had not been shown in clini-
cal trials. In response, a task force
was convened by the American
Academy of Orthopaedic Sur-
geons, the Scoliosis Research So-
ciety, the Pediatric Orthopaedic
Society of North America, and the
American Academy of Pediatrics,
with findings published in a 2008
information statement by Rich-
ards and Vitale.? While acknowl-
edging the limitations of support
for screening in the literature, the
task force concluded:

o Early treatment of the defor-
mities associated with idio-
pathic scoliosis can result in
substantial benefits

e Screening (whether in the
school environment or other
settings) offers an opportu-
nity for early diagnosis and

>PRIMARYPOINT

Scoliosis screening is recommended for
girls (who reach adolescence two years
earlier than boys) at ages 10 and 12; and

for boys, at age 13 or 14.

appropriate referral of other-
wise undetected deformities,
especially in underserved
populations

e In many cases, brace treat-
ment may preclude the need
for surgery in children with
significant scoliosis

o Identifying deformities that
require surgery as early as
possible through screening
increases the likelihood of
good treatment outcomes

e Girls, who reach adolescence
two years earlier than boys,
should be screened at ages 10
and 12; boys, at age 13 or 14
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e School personnel who con-
duct screening should re-
ceive training to detect spinal
deformities

e While no screening test is
entirely reliable, the forward
bend test is considered the
most specific test for detec-
tion of scoliosis®

o The participating organiza-
tions remain committed to
preventing inappropriate use
of spinal x-rays.*

Despite the ongoing debate,
more than half of the US states
have screening programs in
place.**

RADIOGRAPHS/

LABORATORY TESTING

Physical examination and a thor-
ough history are most important
in evaluation for scoliosis in the
primary care setting. When ra-
diographs (x-rays) are considered
necessary, posterior-anterior and
lateral spine series should be or-
dered. These are full-length (3-ft)
x-rays of the patient standing with
the knees straight (when the child
is able to do so).*” The x-rays are
taken in the posterior-anterior
direction to minimize breast and
organ radiation exposure and to
produce an x-ray similar to that of
viewing the patient
from behind.

If scoliosis is
observed on radi-
ography, note the
apex of the curve,
the location, the di-
rection in which it
curves, and any rotational com-
ponent. Examine for pelvic oblig-
uity, shoulder asymmetry, spon-
dylosis, or spondylolisthesis.”

The Cobb angle is the mea-
surement used to quantify the
degree of scoliosis.**” Using the
posterior-anterior  radiograph,
a line is drawn along the supe-
rior endplate of the most curved
cephalad vertebra and the in-
ferior endplate of the caudal
vertebra. When perpendicular
lines are drawn, the intersect-
ing lines form the Cobb angle
(see Figure 3, in which “X” indi-
cates the Cobb angle, measured
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Cobb angle

Drawing courtesy of Dustin Horn.

in degrees). An increasing angle
reflects the increasing severity of
scoliosis.

Other radiographs that may
be ordered include supine lat-
eral (bending) x-rays or supine
traction radiographs to evaluate
curve flexibility before surgery®;
recently, hanging total spine x-
rays have been investigated to
evaluate spine flexibility before
brace treatment.’’ Additionally,
hand/wrist x-rays may be or-
dered to determine the patient’s
remaining growth potential.
These are most often taken in an
orthopedist’s office.’

If a diagnosis of scoliosis is
made, Risser staging should
be completed. Risser sign is a
growth marker noted in adoles-
cents by viewing iliac apophyseal
ossification on radiograph. The
progress of bone fusion over the
iliac apophysis reflects remain-
ing skeletal growth and is graded
from 0 to 5, with O representing no
ossification of the iliac apophysis
and 5, complete ossification. The
lower the grade noted at curve
detection, the greater the risk for
curve progression.**

Other tests may be warranted.
If a patient has persistent back
or side pain, especially pain that
wakens the patient at night, and/

or pain not relieved by aspirin or
NSAIDs, then a bone scan should
be ordered to rule out discitis, rib
or spine osteoid osteoma, spinal
or intradural tumors, osteomy-
elitis, or other abnormalities.”
An MRI is warranted in children
younger than 10; those who have
left-sided curves, headaches, or
neck pain; patients with quickly
progressing curves; and those
with any abnormality on neuro-
logic exam. This test is generally
not necessary in those with AIS if
no family history is present and
physical exam findings are un-
remarkable.'*>” Laboratory tests
are generally not ordered for pa-
tients with idiopathic scoliosis
unless inflammatory or infec-
tious processes are suspected;
standard laboratory tests would
then follow. The ScoliScore™
(Axial Biotech, Salt Lake City),
a newer genetic screening test,
can be used along with clinical
and radiographic testing in pa-
tients with AIS. It is felt that spe-
cific genes are associated with
AIS, and this test may help detect
them and determine any associ-
ated risk for curve progression.'?

There are several genetic tests
for conditions associated with
congenital neuromuscular or
syndrome-related  scoliosis.'**
These may be ordered by the pri-
mary care provider, an orthope-
dist, or the geneticist.

REFERRAL

According to some researchers,
any child with scoliosis greater
than 10° should be referred to an
orthopedist, preferably a pediat-
ric spine orthopedist, especially
when the patient is younger than
10. Referral is also recommended
when the curve is left thoracic, or
if any abnormal physical findings
or a positive family historyis pres-
ent.*>” There is also support for a
strategy in which the practitioner
closely observes the patient old-
er than 10 with scoliosis but no
other abnormalities, then refers
the child once the curve reaches
20° to 25°.7 Referral within three
months is most likely indicated
for those with typical scoliosis
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TABLE 4
Helpful Online Resources

American Academy of Pediatrics

www.healthychildren.org (Key
word: scoliosis)

Scoliosis Research Society

WWW.Srs.org

National Scoliosis Foundation

www.scoliosis.org

National Institute of Arthritis
and Musculoskeletal and Skin
Disease

www.niams.nih.gov/Health_Info/
Scoliosis/scoliosis_ff.asp

KidsHealth®

www.kidshealth.org/kid/health_
problems/bone/scolio.html

and within one month for atypi-
cal scoliosis.”

Each practitioner will develop
his or her own comfort level in the
management of idiopathic scolio-
sis. Once areferral has been made,
the practitioner should follow up
to be sure the patient has seen the
specialist in a timely fashion, with
no appointments missed. Curve
progression can develop rapidly,
possibly making treatment more
difficult once it begins.

TREATMENT

Three main types of treatment are
provided for scoliosis: observa-
tion, bracing, and surgery.*>” Ob-
servation is generally considered
sufficient for immature patients
whose curves measure less than
25° usually no treatment will be
needed for mature patients with
curves less than 25°. Depending
on risk stratification, children

>»PRIMARYPOINT

Brace treatment is used, not to correct
scoliosis, but to halt its progression until
the patient reaches skeletal maturity,
undergoes spinal fusion, or both.

will initially need serial radio-
graphs every four to six months.?
Most children will be seen by an
orthopedist at this point.>** Of-
tentimes orthopedists with adult
patients will order radiographs
every three to five years to be sure
the scoliosis has not progressed.?
Treatment of children with neu-
romuscular or syndrome-related
scoliosis is lengthy and will not
be addressed in this review.
Orthotic management (brac-
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ing or casting) is usually started
once the immature patient’s
curve is between 25° and 45°.
Brace treatment is not used to al-
ter or correct scoliosis, but rath-
er to halt its progression until
the patient is skeletally mature
(more common), a spinal fusion
occurs (less common), or both.®
A 20% to 24% risk for eventual
surgery has been reported in pa-
tients treated with braces.?*** In
infants or young children with
congenital (or other) scoliosis,
several temporary management
options can be used to prevent
curve progression while allow-
ing the child’s thorax to grow and
expand.?

Several surgical interventions
are appropriate for scoliosis. For
infants or young children, one
surgical intervention is the ver-
tical expandable prosthetic ti-
tanium rib (VEPTR™ [Synthes,
Inc, West Chester,
Pennsylvania]).
This is a longitudi-
nal rib distraction
device that can at-
tach from rib to rib,
rib to spine, or rib
to pelvis. The de-
vice is indicated in the presence
of a constrictive chest wall syn-
drome, which can decrease lung
volumes and cause severe defor-
mity if untreated. The device is
lengthened every 4 to 6 months,
with the goal to delay a final fu-
sion until skeletal maturity.?

The growing rod, a compara-
ble temporary device, is inserted
spine to spine and lengthened
similarly at various intervals.
Growing rods are usually used in
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older children with scoliosis who
await maturity before undergo-
ing a definitive spinal fusion.?

A newer surgical procedure
being used at Morgan Stanley
Children’s Hospital of NewYork-
Presbyterian is spinal stapling.**
This involves minimally invasive
surgery to implant inch-long
staples across the spinal growth
plates, which can stop scoliosis
from worsening, or even correct
the curve.

Spinal fusion with instrumen-
tation, though used in less than
5% of patients with AIS, is consid-
ered the definitive surgical treat-
ment for scoliosis.® Surgical cor-
rection is almost always deemed
necessary in immature patients
with curves greater than 45° and
mature patients with curves great-
er than 50°.>”** The fusion may in-
volve posterior (and sometimes
anterior) discectomy and/or bone
grafting between the involved ver-
tebrae to help the bones fuse to-
gether so that curves cannot pro-
gress. The instrumentation (rods,
hooks, wires, and/or screws) is
used simply to maintain the spine
in the best possible position until
the actual fusion occurs; this can
take months to a year.*®’

Risks and benefits of spinal fu-
sion must be thoroughly reviewed
with each parent and patient. The
reported neurologic injury and
mortality rates are less than 1%
and less than 0.02%, respectively,
in patients with idiopathic sco-
liosis who undergo the surgery.’
There is an increased incidence
of such concerns in patients with
other types of scoliosis, given their
comorbid issues.®

Alternative treatments such as
physical therapy, yoga, massage,
acupuncture, and chiropractic
medicine do not put patients at
risk, and some have found them
beneficial.?

EDUCATION

Both patient and parent must be
acquainted with the goal of sco-
liosis diagnosis and treatment:
to prevent curve progression, al-
tered body image, and, ultimate-
ly, morbidity. Screening, history,

examination, and radiographs
are important first steps, with the
information gained determin-
ing when referral to a pediatric
spine orthopedist/specialist (if
possible) should be made. Once
curves reach 25° to 30°, bracing
can successfully prevent curve
progression; it will not correct
the scoliosis.” Teens who are re-
sistant or reluctant to wear their
brace must be made to under-
stand the consequences of not
following the treatment regimen,
and the clinician’s encourage-
ment is essential.

Patients should be encour-
aged to stay active, with special
emphasis on flexibility. Gener-
ally, there is no contraindication
regarding activities or sports, un-
less the patient has undergone a
surgical procedure; in this case,
the practitioner will determine
the patient’s optimal level of par-
ticipation in physical activities.

Surgical treatment with fusion
and instrumentation is the only
proven scoliosis treatment to cor-
rect curves (fully or partially) and
prevent progression.>®” Curves
that reach 50° without treatment
in the fully mature individual
may continue to worsen into
adulthood.

For patients with scoliosis hav-
ing a possible familial and/or
genetic component,>*’ there are
several Web sites for patients and
parents (see Table 4, page 21).
Some of these address alternative
therapy options.

CONCLUSION

Scoliosis is common, but the se-
quelae of idiopathic scoliosis can
be minimized if the condition is
diagnosed early and measures
to prevent curve progression are
initiated in a timely fashion. The
key to diagnosing associated co-
morbid disorders and other relat-
ed issues is to conduct a thorough
patient and family history and
complete physical examination.
Timely radiographs are warrant-
ed in any patient with a positive
finding. Ordering appropriate ra-
diographs accurately is essential
to facilitate patient care while re-

ducing radiation exposure. Each
practitioner must determine his
or her level of comfort in manag-
ing patients with idiopathic sco-
liosis or immediately referring
the patient once the diagnosis is
made. Early referral is best in the
primary care practice. CR

Our CE/CME posttest
can be taken
or viewed at
www.clinicianreviews
.com/CECourses.aspx
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