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INTRODUCTION 
Idiopathic scoliosis defines a potentially severe musculoskeletal 
disorder of unknown etiology that occurs most commonly in 
a.dolescenu. In its milder forma, the scoliosis may produce only 
a change in the shape of the t:runk, but when severe can be 
.marlcedly disfiguring and ultimately lead to cardiopulmonary 
compromise (Fig. 17~1). The goal of this chapter is to present 
the key elcmenu in diagnosis, natural history, and treatment 
of both earlyoo()nset and adolescent idiopathic scoliosis (AIS). 

The etiology of typical scolia&is is not yet known, and 
thcrefure the term idiopathic mn.ains appropriate. Scoliosis 
can also be classified based on associated conditions because it 
occurs in many neuromuscular disorde:s (cerebral palsy, mus
cular dystrophy, and others) as wdl as in association with gen
eralized diseases and syndromes (neurofibromatosis, Marfan 
syndrome, bone dysplasia). Congenital scoliosis, caused by a 
&ilure in -rertebral formation or segmentation, causes a more 
mechanically understandable type of scoliosis. 

The etiology of a scoliotic deformity (idiopathic, neu
romuscular, syndrom~related, congenital) largely dictates iu 
natural history, including the risk for and .tate of curve pro
greuion. Additionally, the age at onset has a significant effect 
on the natural history, since spinal growth will typically result 
in progression of the scoliosis. Although scoliosis includes 
both sagittal plane and transverse plane rotation malalign
ment of the spinal column, the deformity is most readily rec
ogniud on the coronal plane. A better understanding of the 
three-dimensional nature of scoliosis has led to many recent 
adwnces in its treatmenL 
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THREE-DIMENSIONAL DEFORMITY 
OF SCOLIOSIS 

The normal spine is maigbt in the frontal plane, but has sagit
tal plane contours including thoracic kyphosis avttaging 30 to 

35 degrees (range: 10 to 50 degrees, T~T12) and lumbar 
lordosis averaging 50 to 60 degrees (range: 35 to 80 degrees, 
T12-S1) (1-3). The scoliotic spine deviates from midline in 
the frontal plane and rotates maximally at the apex of the curve 
(4, 5). It is this "rertebral rotation at the apex of the ctU"Ve, 

through the attached ribs that produces the typical posterior 
chest wall prominence (.Adams sign) that allows early diagn~ 
sis (6, 7) (Fig. 17-2). The axial plane rotation can also p~ 
duce anterior chest wall deformity that can be mani~sted as 
breast asymmetry, with the right breast less prominent in most 
patients with the typical right thoracic curve (8). 

In the past, it was thought that the lateral curvature of 
scoliosis wu also kyphotic (increased rowtdback). It is now 
understood that most thoracic idiopathic scoliosis is ass~ 
ciated with a der:mzs~ in normal thomcic kyphosis (9, 10). 
Diclaon et al. (11, 12) have added to Somerville's postu
late (13) that an early evolution to lordosis in the normally 
kyphotic thoracic spine leads to a rotational buckling of the 
spinal column (Fig. 17 ~3). The apical thoracic lordosis is more 
easily seen on thr~nsional reconstructions by viewing 
the spine with a true lateral projection of the apical vertebra. 
Standard lateral radiograph& ovttestimated the apical tqpon 
kyphosis by an average of 10 degrees (14). In some case, there 
may be an increase in kyphosis that should raise suspicion for 
a nonidiopathic cause of the curvature (syringomyelia. Chiari 
malformation). For unknown reasons, most progressive idi~ 
pathic thoracic scoliosis in adolescents is conw.:~: to the right 
side (15). 

The global deformity of the spine includes loa! defor
mity in both discs and vertebrae. Wedging develops in both 
struct:ures, and changes in ~bral body shape are thought to 

follow the Hueter-Volkmann principles of bone growth (16), 
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FIGURE 17-1. A: This 16-year-old girl with severe scoliosis refused early treatmem and had severe progression. Her clinical 
examination demonstrated marked trunk and rib deformity, and she had reduced pulmonary function. B: The PA radiograph 
demonstrates a right thoracic curvature of 125 degrees. With proper diagnosis and early treatmem, deformity such as this 
should be completely avoidable in AIS. 

that is, reduced growth in regions of excessive compression as 
might ocx:ur in the concrv.ity of a scoliotic spine. This causes 
asymmetric growth and/or remodeling (according to WolfPs 
law) of the vertebral bodies, pedides, laminae, and facet joints, 
as well as of the IJ.'aJ'lSVerse and spinous proces.9eS (Fig. 17-4). The 
mtebral body is notx::d to deform in a clockwise direction, while 
the spinous process defonns in a compensatory counterclockwise 
c:lirection as seen on computerized tomography (CI) scan (17). 
Rcduocd concave growth accentuates the defu.rmity. incrc:ases 
the compn:ssM: fon::es, and perpetuates the pl'OCeSs (18). 

ETIOLOGY 
Despite the substantial research that has been performed, the 
etiology for AIS remains unknown. Many theories have been 
proposed including genetic factors; disorders of bone, muscle, 
and disc; growth abnormalities; and factors related to the cen
tral nervous system. 

Genetic Factors. Several studies have demonstrated 
an increased incidence of scoliosis in the family members 
of affected individuals, thel.'eby suggesting the existence of 
a genetic component to the etiology of scoliosis {19-22). 
Risenborough and Wynne·Dav:ies (23) found scoliosis in 
11.1% of first-degree relatives of 207 patients with idiopathic 
scoliosis. Examination of scoliosis in twins has funher sup
ported this with monozygotic (identical) twins demonstrating 
a higher concordance rate when compared to dizygotic twin 
(2~26). Genetic studies of families in which multiple family 
members are affected have suggested several sites within the 
genome that appear to be linked to scoliosis (27, 28); however, 
the exact genes remain unknown. An evaluation of the f.unily 
pedigrees of 131 patients with .AIS found 127 with connec
tions to other scoliosis patients. The authors concluded that 
there is at least one or two major genes responsible for .AIS 
(29). Some specific candidate genes have been ruled out (type 
I and II collagen, fibrillin, and elastin), while other hormone
related genes appear promising (3~32). Currendy; genetic 



tests are being evaluated to assess for risk of a patient with a 
mild curve progressing to a severe curve. 

Tissue Deficiencies. Considering that scoliosis affi:cts 
patients with known musculoskeletal diseases, some believe 
that the primary pathology involves specific structural tis
sues of the spine (bone, muscle, ligament, and/or disc). For 
aample, fibrous dysplasia (bone-collagen abnormality) result
ing in dysplastic, misshapen vertebrae (33), muscle disorders 
such as Duchenne muscular dystrophy leading to a collap&
ing scoliosis, and soft tissue-collagen disorders such as Ma.rfan 
syndrome are all associated with the development of scoliosis. 
It seems plausible that subtle deficiencies in any of the tissues 
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FIGURE 17-2. A three-dimensional recon
struction of the scoliotic spine and trunk demon
strates the three-plane deformity of the spine and 
attached ribs. The torsional defonnity is maximal 
at the apex of the curvature. {Courtesy of St 
Justine Hospital. Montreal, Quebec, Canada.) 

of the spine could result in a predilection for collapse of the 
spine and idiopathic scoliosis progression (34). Some studies 
(35-37) have found that girls with scoliosis had a lower bone 
mineral density when compared to matched controls suggest
ing that AIS may be rdated to osteopenia (35, 38). Recent 
studies, however, have suggested that this relative decrease 
bone mineral density was more strongly related to the patient's 
body mass index (BMI) than the scoliosis (39). Therefore, the 
rationale for how osteopenia relates to the pathogenesis of sco
liosis remains undefined. 

Vertebral Growth Abnonnality Theories. Considering 
that the development of scoliosis and its progression are 
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FIGURE 17·3. A: This PA radiograph demonstrates the appearance of a double thoracic scoliosis curve pattern. B: The lateral 
radiograph demonstrates the relatively straight sagittal profile of the thoracic spine with loss of normal thoracic kyphosis. This 
is a common feature of AIS. C: The clinical appearance of this patient demonstrates a prominent scapula. However, this is not 
caused by kyphosis but by the rotational deformity of the ribs. which secondarily makes the right scapula more prominent. 
Additionally, a left upper thoracic trapezial fullness can be appreciated in this patient, caused by the left upper thoracic curvature. 

temporally related to the time of rapid adolescent growth has 
led many to believe that the etiology is related to abnonnali· 
ties in spinal growth (40, 41). Initially, differential growth 
rates between the right and the left sides of the spine were 
thought to generate an asymmetry that would be accenru· 
ated with asymmetric biomechanic.alloading and the Hueter· 
Volkmann effect (42-45). Others have posrulated that the 
etiology of scoliosis relates to a relative overgrowth of the 
anterior spinal column compared to the posterior column 
resulting in a relative thoracic lordosis (11, 12, 4~. 46-49). 
If the condition is severe enough, the spine rotates laterally 
to maintain global sagittal balance, effectively shortening by 
rotation or buckling (50) the "'c:nra" anterior column length. 
This theory accowtts for all three planes of deformity. In 
addition, computer-generated finite element modeling of 
anterior spinal overgrowth has been able to replicate the typi· 
c.al three·dimensional deformity of scoliosis (51). Srudies of 
the growth mechanism of the anterior and posterior aspects 
of the vertebral elements suggest a different mechanism of 
growth in each (endochondral growth anteriorly and intra
membranous growth posteriorly) (52). 

Several srudies suggest that adolescents with scoliosis ~ 
taller than their peers (53-57).1nc.rc:ased l~ls of growth hor· 
mones (58, 59) and characteristic body morphometry (thin, 
increased arm span, physically less developed appearance) 
( 60-62) also appear to be related to the development of scolio
sis. Hormones are known to be involved in pubertal changes, 
and their roles in scoliosis development have been widely stud
ied (58, 63, 64). Although the relation between scoliosis pro
gression and skeletal growth is well recognized, the proposed 
alter.ttions in the regulation of growth that could be respon
sible for scoliosis are not yet defined. 

Central Nervous System Theories. Disorders of the 
brain, spinal cord, and ne.rves may result in scoliosis. The role of 
the central nervous system in idiopathic scoliosis has been srud
ied in detail (65-71). Goldberg et al. noted greater asymme
try of the cerebral cortices in patients with. scoliosis (67). Also, 
abnormalities in equilibrium and vestibular function have been 
noted in patients with scoliosis (70, 7~76); howwer, it is dif
ficult to be sure whether these findings are primary or second
ary (77). A recent study, however, has suggested that idiopathic 



FIGURE 17-4. This anterior view of a human scoliotic specimen 
demonstrates the substantial wedging of the apical vertebra. These 
changes in shape of the vertebra are thought to be a result of altered 
growth, according to the Hueter-Volkmann law. This appears to be a 
component of the progression seen in idiopathic scoliosis during rapid 
phases of growth. {Courtesy of Stefsn Parent, MD.! 

scoliosis is not related to brain function (78). Syringomyelia 
is associated with an increased incidence of scoliosis (79-81), 
possibly due to direa pressure on the sensoty or motor t.tacts 

of the spinal cord. Alternatively. there may be no relation to the 
dilation of the central canal, but instead brain·stem init:ation 
from an associated Chiari malformation or enlargement of the 
fourth ventricle of the br.Un could be the cause. 

It has also been postulated that melatonin and the pineal 
gland may be related to scoliosis. This theoty is based on research 
involving pineal.ectomy in chickens. The procedure was found 
to result in a high incidence of severe scoliosis in the birds (82-
84). Results of subsequent studies of primate and human mela-
tonin levels have been conflicting and inconclusive. Machida 
et a1. (85) found a lower·than·nonn.al melatonin concentration 
in the serum of patients with progressive scoliosis compared to 

the serum of those with stable auves. In cont.tast. others have 
found no difference in either urine or serum melatonin levels 
between patients with scoliosis and age-matched controls or 
pineal.ectomized nonhuman primates (86-89). Confounding 
these studies is a recent repon of melatonin signaling dysfunc
tion in osteoblasts from patients with scoliosis (90). Currently, 
there is no confirmation that melatonin deficiency in humans 
is associated with scoliosis, as is seen in chickens. 

In summary, the etiology of scoliosis remains unknown. 
As Stagnara (91) has noted, one should not be surprised that a 
minor disnubance in the structure, suppon system, or growth 
of the spine could lead to scoliosis, parci.culatly in a compla 
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structure whose "normal" state has multiple curves in the sagit
tal plane. There are likely several causes of idiopathic scoliosis, 
and active research continues in an attempt to find a unifYing 
theoty as to its development. The most promising clues seem 
to be coming from the advanced genome--wide studies that are 
underway. 

DEFINITIONS 
Scoliosis is defined as a coronal plane curvature of> 1 0 degrees 
with curves less than this considered normal and called spinal 
asymmetry. 

Curve Location. Scoliotic deformities assume a variety 
of auve patterns and several useful classification systems have 
been developed. The Terminology Committee of the Scoliosis 
Research Society (SRS) gives a detailed technical description 
of curve location. 

The regions of the spine affected by scoliosis are defined 
by the location of the apical venebrae as noted in the follow
ing list 

• Cervical: apex between C2 and C6 
• Cervicothoracic: apex between C7 and Tl 
• Thoracic: apex between T2 and Ttl 
• Thoracolumbar: apex between T12 and L1 
• Lumbar: apex between L2 and L4 
• Lumbosacral: apex at L5 or below 

The apt:x of a curve defines its center and is the most laterally 
deviated disc or vertebra of the curve. Usually, a single verte
bra can be defined. When a pair of venebrae is at the apc::x, the 
•apical disc .. is used to define the level of the apex. The api
cal vertebra( e) are also the most horizontal. Therefure, a patient 
with an apical vertebta at TS is said to have a thoracic au:ve, 
whereas an apex at T12 is conside.red a thoracolumbar scolio-
sis. The md tMT'UbriU of a curve define the proximal and distal 
cnent of a curve and are determined. by locating the vertebrne 
most tilted from the horizontal (these vertebrae are used for 
making the Cobb measurement). The cmtral samt! vmical line 
(CSVL) is a venicalline that bisects the sacrum and is used for 
assessing the coronal plane balance of the spine in relation to its 
base (the pelvis). The stable venebra is the most cephalad ver
tebra distal to the major curve that is bisected (or most closely 
bisected) by the CSVL. The nf!Utl'ai vertebra is the most cepha
lad vertebn that has no axial rotation associated with it. This is 
most easily recognized as a symmetric appear.u1ce of the pedicles 
with a midline appc:ar.mc:e of the spinous process (Fig. 17·5). 

Age at Onset. Age at diagnosis is also used to define idio-
pathic scoliosis groups as follows: 

• Infantile (0 to 3 years) 
• Juvenile (4 to 10 years) 
• Adolescent (11 to 17 years) 
• Adult (~ 18 years) 
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RGURE 17-5. PA radiograph demonstrating the important vertebra 
and landmarks that define this curvature. The two end vertebrae of 
the thoracic curve are at T6 and L 1. with the apex or apical vertebra at 
T10. The end vertebrae define the ones most tilted from the horizontal 
and are used for measuring the Cobb angle of the curvature. The neu
tral vertebra is the most cephalad vertebra that has neutrally rotated 
pedicles. whereas the stable vertebra is the most proximal one that 
remains bisected by the CSVL. The CSVL is drawn vertically from the 
midsacrum. These landmarks become important in ultimately defining 
a curvature. as well as in determining the levels for surgical treatment. 

The age at which idiopathic scoliosis develops is one of the 
most important factors in detetm.ining the natural histoty 
of the disorder. Since younger patients have greater growth 
potential, the early--onset cases are more likd.y to be progres
sive. The onset of scoliosis befure the adolescent growth spurt 

is more likdy to have an underlying spinal cord abnormality as 
the cause of the deformity. The incidence of such an abnormal
ity is approximately 10% to 20% in the juvenile and infantile 
groups (92-94). 

Major, Minor, Structural, and Nonstructural 
Curves. Curves may a1so be described as major or minor. 
The major curve is usually the first co develop and is the curve 
of greatest magnitude. However, at times, two or even t:bree 
curves of equal severity e:x:ist, which make the detetmination of 
a major versus a minor curve difficult. Minor or compensatory 
wrvc:s dc:vdop after formation of the primary curve potentially 
as a means of balancing the head and the trunk ovtt the pelvis. 
Similar compensation occurs in the sagittal plane where the typi· 
cal lordotic tho.mcic curve may end both cr.mially and caucWly 
with a junctional kyphosis. It is importmt to .recognize focal and 
global alterations in the sagittal plane when planning surgical 
correction. 

The terms strtletUral and rumstrt.u:tura/ have also been 
used fur describing the flexibility of the minor scoliotic curves, 
strul:t'Ural curves being the more rigid ones (not conecting well 
when bent to the side). The degree of curve rigidity, which 
di.fferentiates a structural from a nonsttuctural curve, has been 
debated, although Lenke et al. (95) have proposed a limit of 
25 degrees on side-bending radiogrnphs as the value above 
which a curve is considered to be suucwral. 

Etiologic Classification. Scoliosis can be broadly clas
sified according to etiology as idiopathic (or idiopathic-like), 
neuromuscular, syndrome related, or congenitaL It is impor· 
tant to consider a patient presenting with scoliosis as a patient 
presenting with a sign (i.e., scoliosis) rather than a diagnosis
scoliosis. Although most scoliosis (apptoximately 80%) is idio
pathic, the remaining cases are associated with a wide variety of 
disorders in which scoliosis is often the presenting complaint. 

The SRS has classified scoliosis as being associan:d with 
each of the diagnoses seen in Table 17-1. The scoliosis associ
ated with these conditions will be discussed in other chapters 
of this ten. Neuromusrular disorders of either neuropathic or 
myopathic etiology make up a large proportion of the nonid· 
iopathic causes of scoliosis in childhood. Intra· or extraspinal 
tumors or abnormalities must also be considered as possible 
causes of scoliosis. Congenital scoliosis and kyphosis as well 
may lead to progressive spine defOrmity. An awareness of each 
potentially associated condition helps when analyzing the 
various proposed etiologic factors in idiopathic scoliosis. More 
importandy, the diagnosis of idiopathic scoliosis requires the 
exclusion of these other conditions. 

EVALUA'nON OF THE PATIENT WITH 
SCOLIOSIS 
In North America, a screening examination either in a school 
or at a routine primary care visit often leads to referral to a spe-
cialist. Many of these patients, therefOre, h~ no symptoms 
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TABLE 11-1 SRSs Diagnoses by Which Scoliosis Can Be Classified 

Idiopathic 
Infantile 

Resolving 
Progressive 

Juvenile 
Adolescent 

Muscular 
Neuropathic 

Upper motor neuron 
Cerebral palsy 
Spinocerebellar degeneration 
Friedreich disease 
Charcot-Marie-Tooth disease 
Roussy-levy disease 

Syringomyelia 
Spinal cord tumor 
Spinal cord trauma 
Other 

Lower motor neuron 
Poliomyelitis 
Other viral myelitides 
Traumatic 
Spinal muscular atrophy 

Werdig-Hoffmann disease 
Kugelberg-Welander disease 

Myelomeningocoele (paralytic) 
Dysautonomia {Riley-Day syndrome) 
Other 

Myopathic 
Arthrogryposis 
Muscular dystrophy 

Duchenne {pseudohypertrophic) 
LimbiJirdle 
Facioscapu lohumeral 

Fiber-type disproportion 
Congenital hypotonia 
Myotonia dystrophies 
Other 
Congenital 
Failure of formation 
Wedge vertebra 
Hemivertebra 
Failure of segmentation 
Unilateral bar 
Bilateral(fusion) 
Mixed 
Associated with neural tissue defect 
Myelomeningocele 
Meningocele 
Spinal dysraphism 
Diastematomyelia 
Other 

Neurofibromatosis 
Mesenchymal 
Marfan syndrome 
Homocystinuria 
Ehlers-Danlos syndrome 
Other 
Traumatic 
Fracture or dislocation (nonparalytic) 
Postirradiation 
Other 
Soft-tissue contractures 
Postempyema 
Burns 
Other 

Osteochondrodystrophies 
Achondroplasia 
Spondyloepiphyseal dysplasia 
Diastrophic dwarfism 
Mucopolysaccharidoses 
Other 
Tumor 
Benign 
Malignant 
Rheumatoid disease 
Metabolic 
Rickets 
Juvenile osteoporosis 
Osteogenesis imperfects 
Related to lumbosacral area 
Spondylolysis 
Spondylolisthesis 
Other 

Thoracogenic 
Post-thoracoplasty 
Post-thoracotomy 
Other 
Hysterical 

Functional 
Postural 
Secondary to short leg 
Due to muscle spasm 
Other 

and are completdy unaware of their potencial spinal deformity. 
Ewluating a patient with scoliosis requires the physician to 
assess the patient for all conditions (Table 17-1) that are asso
ciated with scoliosis. While most adolescents presenting with 
scoliosis will be diagnosed as idiopathic, a careful history and 
physical examination are required in order to be certain no 
other causes exist that may affect their management. 

progression in the patient. A record of increases in height over 
the prior few years is important in predicting remaining spi· 
nal growth and the risk for curve progression (96, 97). This 
information may be available from the primary care physician, 
or sometimes from measurements on the wall/door in the 
family's home. Breast development and the onset of menses 
are important maturational time points in females (98, 99). 
The past sw:gical history is important in identifying scoliosis 
associan:d with congenital heart disease and/or a prior tb.ora· 
cotomy. The family hlstory as well as a review of body systems 
should identify disorders known to be associated with scoliosis 
(Table 17-1). 

History. While recording the patient's history, the physi· 
clan should include questions about family history of scolio
sis, the patient's recent growth. and the physical changes of 
puberty (breast budding. axillary/pubic hair. onset of menses 
in girls, and voice change in boys). When compared to the 
rates of occurrence in the general population, scoliosis occurs 
three times more frequently in a child whose parent is similarly 
affected and seven times more frequendy if a sibling is affected 
(21). Additionally, if the patient's parents or sibling has been 
treated for scoliosis, this may suggest a greater likelihood of 

The presence or absence of severe back. pain is important 
because most patients with idiopathic scoliosis have little or no 
discomfort. After scoliosis has been diagnosed (in a screening 
setting), patients often develop "pain,. that continues until the 
diagnosis and prognosis have been clarified by an orthopaedic 
consultant who can provide reassurance. Despite the common 



• CHAPTER 11 I IDIOPATHIC SCOLIOSIS 

belief among physicians that mild idiopathic scoliosis is never 
painful, Ramirez et al. (1 00) noted back. pain (generally mild) 
in 23% of 2442 patients with "idiopathic" scoliosis. Only 
9% of those with pain were subsequently found to have an 
underlying pathologic condition to explain it (diagnoses such 
as spondylolysis/spondylolisthesis, Scheuermann kyphosis, 
syringomyelia, herniated disc, tethered cord, and intraspinal 
tumor). Therefore when evaluating a child with scoliosis, a sig
nificant complaint of back pain should make one question, "Is 
this ttuly an idiopathic ~?" A child or an adolescent who 
presents with severe back pain and is subsequently found to 
have scoliosis requires a very carefully taken history, a physi
cal examination, and a radiographic study [a bone scan and/ 
or magnetic resonance imaging (MRI) study may be required] 
because an underlying etiologic cause is more likely (10~ 
102). However, the clinician must distinguish between the 
asevere pain" (requiring further workup) and the mild futigu.e 
pain (as described earlier), reported by Ramirez et al. (100) 
and Fairbank et al. (1 03). During adolescence, activity-related 
musculoskdetal low bac:k pain occurs at a frequency greater 
than in childhood but less than in adulthood (104, 105). 

A 

Age at onset, rate of cw:ve progression. and the presence 
of neurologic symptoms and signs are the most useful find
ings in identifYing nonidiopathic scoliosis. In younger patients 
(<10 years) with an unrecognized neurologic cause, actual 
neurologic findings are often absent on physical examination, 
and the spinal curvature itself must be considered as the initial 
sign of a neural axis abnonnality (92, 93, 106-108). The most 
common intraspinal abnormality found in this age group is 
syringomyelia (dilation of the central spinal canal) often with 
an associated Chiari malformation (brain stem below the levd 
of the foramen magnum) (Fig. 17 .-6). 

The rapid development of a severe curve suggests a non
idiopathic type of scoliosis. Neurologic symptoms such as 
wealmess, sensory changes (upper and lower extremities), and 
balance/gait disturbance suggest intraspinal pathology (syrin
gomyelia, tethered cord, tumor, etc.) as the cause of spinal 
curvature (101, 106, 107). The neurologic history should 
therefore focus on information about the patient's difficulties 
with grasping, walking, running, and stair climbing. A histoty 
of .radiating pain, numbness, tingling in the limbs, and dif
ficulties with bowel or bladder control should also be sought. 

8 

RGURE 17-6. A:. PA radiograph of a juvenile patiem with a left thoracic curve. B: The lateral radiograph demonstrates 
relatively normal or even slightly increased thoracic kyphosis. Because the patiem is in the juvenile age group and the curve 
is left side with an increased rather than decreased thoracic kyphosis. a spinal magnetic resonance imaging (MRI) was 
ordered. C: MRI of the midsagittal section of the cervicothoracic spine demonstrates a large syringomyelia (atrows} with 
significam dilatation of the central spinal canal. The syringomyelia was treated with suboccipital decompression. 



Physical Examination. Physical examination of a 
patient with scoliosis includes evaluation of trunk shape, trunk 
balance, the neurologic system, limb length, skin markings, 
and skd.etal abnormalities. Assessment of pubertal devdop
ment includes assessment of the stages of breast devdopment 
and the presence of axillary/pubic hair (Tanner stages). This 
can be done discreetly without fully undressing the patient. 
Girls can be asked to wear a two-piece swimsuit for the physi
cal examination (the instruction regarding this can be given at 
the time of fixing the appointment). This reduces the patient's 
anxiety and apprehension, yet allows assessment of breast and 
overall devdopment. 

With the patient standing, the back and the trunk are 
inspected for asymmetry of shoulder height, scapular posi
tion, and shape of the waist viewed from both front and rear. 
Potential pdvic tilt (an indicator of limb-length di.ffi:rence) is 
determined by palpating the iliac crests and the posterior infe
rior iliac spines bilaterally in the standing patient with both 
hips and knees fully extended. Lateral translation of the head 
can be measured in centimeters of deviation from the gluteal 
cleft by dropping a plumb line from C7. Deviation of the chest 
cage (trunk shift) should also be assessed because patients can 
have full head compensation (return of the head and neck. 
back. to midline) yet have marked laceralizarion of the trunk 
(Fig. 17-7). 

Forward Bend Test The forward bend test, first described 
by .Adams in Britain (109), has the patient bend forward at 
the waist with the knees straight and the palms together. This 
examination should be performed from behind (to assess lum
bar and midthoracic rotation) and from the front (to assess 
upper thoracic totation), as wdl as from the side (to assess 
kyphosis). Any asymmetry of the upper thoracic, midthoracic, 
thoracolumbar, and lumbar regions should be quantitated with 
a scoliometer (110) [to dete.rmine the angle of trunk totation 
(ATR)] or by measuring the height of the prominence in cen
timeters (Fig. 17-8). This prominence refl.c:cts the rotational 
deformity of the spine associated with scoliosis (111, 112). 
Although there is not always an exact correlation, in general 
an ATR of 5 to 7 degrees is associated with a radiographic 
Cobb angle measurement of 15 to 20 degrees. [This is only an 
approximate guideline-occasionally patients may have little 
ttunk rotation and yet have significant radiographic scoliosis, 
and vU:e vma (113).] 

An inability ro bend directly forward at the waist or a 
decreased range during forward/side bending may be caused by 
pain, lumbar muscle spasm. and/or hamstting tighmess; any 
of these should suggest underlying pathology. These findings 
plus abnormalities in strnight-leg-raise testing suggest irritation 
of the lumbar roots caused by spondylolysis, disc herniation, 
infection, neoplasm, or other f.a.ctors. 

Neurologic Examination. The neurologic examination 
should evaluate balance, motor strength in the major muscle 
groups of all four extremities, and sensation. WatJ::hing the 
patient's gait, toe--and~ heel walk, tandem walk, deep squat, and 
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RGURE 17~7. Careful examination of the back is required in order 
to identify the physical features of scoliosis. These include asymmetry 
of the scapulae. shift of the trunk. and asymmetry of the waistline. as 
well as asymmetry in the level of the shoulders. 

single-leg hop allows rapid assessment of balance and motor 
strength. The presence of a cavus deformity of the feet, espe
cially if it is unilateral, suggests an ahnonnality of the neu
rologic system/spinal cord. Testing for reflexes should include 
deep tendon reflexes of the upper and lower extremities as well 
as the Babinksi test for long tract signs. Abdominal reflexes are 
obtained by lightly stroking the abdominal wall with a blunt 
instrument (end of reflex hammer) adjacent ro the umbilicus 
with the patient supine and relaxed. The expected brisk and 
symmetrical unilateral cont.taction of the abdominal muscu
lature pulling the umbilicus toward the side being stroked 
indicates normalcy. When the reflex: is pe.rsistendy abnormal 
(reflex absent on one side and present on the other), intraspi
nal disorde.t'S, particularly syringom.ydia, should be considered. 
The lower cranial nerves and the upper extremity examination 
should not be ignored because cervical-level pathology (par
ticularly syringomyelia) presents here (81, 114). 

Furtllar Assessment, Limb Langill. Additional com~ 
ponents of a comprehensive scoliosis examination include 
inspection of the skin (both on the back and elsewhere) for 
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FIGURE 11-8. A:. A 28-degree right thoracic scoliosis as seen on the PA radiograph. B: The Adams forward bend test 
demonstrated an 11 ~egree scoliometer measuremem. indicating a corresponding measure for the ATR associated with this 
scoliosis. The forward bend test remains one of the most reliable means of detecting early scoliosis, other than a radiograph. 
Scoliometer measurements > 7 degrees generally warrant a screening PA radiograph. 

rotaneous evidence of an associated disease. Ca.fe-au-lait spots 
and/or axillary freckles suggest possible neurofibromatosis, 
wheteas dimpling or a hairy patch in the lumbosacral area may 
suggest an underlying spinal dysraphism. Excessive laxity of 
skin or joints may be related to a connective tissue disorder 
such. as Marf.tn syndrome or Ehlers--Danlos syndrome. 

Limb length should also be measured in the supine posi
tion if pelvic tilt is noted during the standing examination. 
A spinal curvature that results from a limb-length difference 
is usually compensatory and serves to rebalance the trunk over 
the pdvis. A short right leg results in a compensatory right 
lumbar rorve. There is no rotational deformity of the spine 
with these curves, and in the lumbar region the prominence 
noted on the fotward bend test is on the concave side of the 
rorve (the long leg makes the iliac crest and the lumbar spine 

more prominent on that side). This is the opposite of what 
is seen in true lumbar scoliosis, where the rotational promi
nence noted on the bending test is found on the side of the 
rorve convexity. The presence of the bending u:st rotational 
prominence on the "wrong" side in a lumbar curve is almost 
always diagnostic of spinal asymmeny caused by limb-length 
disc.repancy rather than true scoliosis. The prominence disap
pears if the pelvis is levd.c:d with an appropriately sized block. 
underneath the short leg. 

Radiographic Assessment The ideal screening radio
graphs for scoliosis are upright (standing) posteroanterior (PA) 
and lateral projections of the entire spine exposed on a single 
cassette. The radiograph must be taken with the patient stand
ing because diagnostic and treatment standards developed over 



the years are based on films in the upright posture. In very 
young patients, or in those with severe neuromuscular involve
ment, radiographs taken in the sitting or even supine posicion 
may be the only ones possible. The magnitude of the curve 
is greater when the patient is upright (compared to supine), 
and this is of particular importance in infantile and congenital 
curves when radiographs are taken before and after walking 
age. "Curve progression" may mistakenly be noted with the 
first upright-posicion radiograph as compared to prior supine 
views, when in fact one has simply documented that gravity 
causes a curve to be more severe. The sagittal balance varies 
with the method of arm positioning (the arms must be flexed 
for the spine to be clearly visualized). With the arms held 
straight forward, the trunk shifts posteriorly, and therefore 
the best position for viewing relaxed standing is with the arms 
flexed as little as possible to clear the spine (115). A lateral view 
of the lumbosacral junction is often performed in lumbar sco
liosis to assess for spondylolysis/spondylolisthesis as a possible 
cause (Fig. 17-9). 

Radiographic techniques that are used for minimizing 
radiation exposure of sensitive tissue (e.g., breast, thyroid, 
ovaries, and bone marrow) include taking only the required 
number of x-rays, utilizing rare earth radiographic enhancing 
screens with fast film, and a posterior-to-anterior exposure 
(116-118). The lifetime risk for developing breast or thy
roid cancer has been suggested to increase by 1% to 2% in 
patients who are exposed to multiple x-rays during the course 
of treatment of scoliosis; however, these data relate to the 
1960s and 1970s, before new radiation-reducing techniques 
became available. The greatest reduction in breast and thyroid 
exposure is associated with the PA exposure [compared to the 
anteroposterior (AP)]; this reduces breast/thyroid exposure 
three- to sevenfold (118). AP projection can shield the breasts; 
this is, however, not recommended because this projection 
increases thyroid exposure (shielding the thyroid obstructs the 
view of the upper spine). A new x-ray detection system that 
requires roughly one-eighth the radiation has been developed 
by Charpak, which has the potential to substantially reduce 
radiation for this population ( 116, 117). Doctors counsel their 
patients by assuring them that during the radiographic proce
dure, the exposure to the x-rays required to treat the disorder 
correctly will be minimal and that the benefit of undergoing 
the procedure outweighs the risk of not knowing the type and 
severity of the scoliosis. 

When surgical treatment is being considered, lateral
bend radiographs (to assess curve flexibility) are required. 
Radiographs of side bending allow one to determine the 
degree of curve flexibility, and to decide what levels to include 
in the instrumented and fused segments. Controversy remains 
regarding the best method of obtaining AP films of side bend
ing. Supine-posicion side-bending views (patient maximally 
bent to the right and left) are standard at many institutions, 
whereas others believe that a standing-position bend film is a 
better indicator, particularly in the lumbar spine. Lateral bend
ing over a bolster provides somewhat greater correction and 
has been proposed as a more accurate predictor of the cor-
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rection obtainable with the more powerful modern surgical 
instrumentation methods (87, 119) (Fig. 17-10). In curves 
>60 to 70 degrees, longitudinal traction films may also be 
helpful in evaluating curve flexibility (120, 121). There is no 
universal standard for how to obtain radiographs of bending. 
Additionally, there is little agreement on how to make use of 
the information gained. Flexible minor curves may be spared 
arthrodesis in many cases, and this flexibility information has 
been utilized (yet not necessarily standardized) in surgical deci
sion making. More severe cases of scoliosis, that is, curves that 
do not straighten to <50 to 60 degrees, have been suggested as 
benefiting from an anterior release procedure prior to posterior 
instrumentation. 

The Stagnara oblique view, taken perpendicular to the 
rib prominence rather than in the PA direction, provides a 
more accurate picture of large curves that have a large rota
tional component. From this angle, the true magnitude of 
the scoliosis can be measured more accurately (14, 122). 
Similarly, an oblique lateral may show the ttue sagittal align
ment at the apex. 

Reading Scoliosis Films. Assessment of the standing PA 
film begins by looking for soft-tissue abnormalities, congeni
tal bony abnormalities (wedge vertebrae, etc.), and then by 
assessing curvature (coronal plane deviation). Bone assessment 
includes looking for wedged or hemivertebrae (Fig. 17 -11) 
and bar formation bridging a disc space as well as midline 
irregularities such as spina bifida or a bony spike suggesting 
diastematomyelia. The pedicles should be inspected in order to 
verifY that they are present bilaterally and that the interpedicu
lar distance is not abnormally increased, which would suggest 
an intraspinal mass (123, 124). Absent pedicles or vertebral 
body lucency are associated with lytic processes, such as tumor 
or infection. If a curve is noted, the symmetry and the level
ness of the pelvis are analyzed. A limb-length discrepancy can 
be estimated by determining height differences between iliac 
wing and hip joint, assuming the patient had hips and knees 
fully extended when the film was exposed. 

Curve measurement using the Cobb method (125) allows 
quantification of the curve. A protractor or digital software 
tool allows for accurate measurements. The caudal and cranial 
end vertebrae to be measured are the vertebrae that are the 
most tilted, with the degree of tilt between these two verte
brae defining the Cobb angle (in a normal spine this angle is 
0 degrees). One should outline the superior end plate of the 
cranial end vertebra and the inferior end plate of the caudal 
end vertebra. If measuring by hand, construct a perpendicular 
to each of these lines and then measure the angle at which the 
lines cross. When more than one curve exists, a Cobb angle 
measurement should be made for each curve (Fig. 17 -12). The 
wide variation of inter- and inttaobserver error (approximately 
5 degrees for any curve measurement) should be understood 
by the surgeon and the anxious parents (and patient) (126). 
Therefore, a 6-degree difference is accepted by most surgeons 
as the criterion for determining curve progression in idiopathic 
scoliosis. 



a CHAPTER 11 I IDIOPATHIC SCOLIOSIS 

A 

RGURE 1Nt. A: This 10-year-old girl presented with symptoms of increasing trunk decompensation. as well as low back 
pain and posterior thigh discomfort. She has an obvious trunk shift to the left suggesting scoliosis. The PA rather than the AP 
view is preferred beuuse there is reduced radiation exposure. B: The standing-position PA radiograph confirms a 43-degree 
left lumbar scoliosis. C: Standing-position lateral view focused at the L5-S1 level demonstrates severe spondylolisthesis. 
Most of this patient's lumbar deformity is related to an asymmetric forward slipping of l5 on S1. with rotational deformity 
translated to the lumbar spina above. Following correction of her spondylolisthesis with fusion from L4 to the sacrum, her 
scoliosis reduced to <15 degrees. 

B 



A 

D 

Verrebral rotation, maximal at the apex of a curve, is dem
onstrated on radiographic film by asymmetty of the pedides 
and a shift of the spinous processes toward the concavity. Two 
methods are available for quantifying this rotation, one sug
gested by Nash and Moe (127) and the other by Perdriolle 
(128). Vertebral rotation is not routinely measured clinically; 
however, and both methods have substantial inaccuracies, 
which limit their usefulness (129). 

Skeletal matUrity should be assessed radiographically in 
order to estimate remaining spinal growth, an important predic
tor of risk for curve progression. The most widely used method 
in patients with scoliosis, although probably the least reliable, 
is that of Risser (130), who noted that the iliac crest apophysis 
ossifies in a predictable fu.shion from lateral to medial, and that 
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RGURE 17-10. .A: This standing-position preoperative 
PA radiograph demonstrates right thoracic scoliosis with 
moderate left lumbar scoliosis. B: The flexibility of the 
left upper thoracic and left lumbar curves was assessed 
via the left-side-bending radiograph. C: The flexibility of 
the right thoracic curve was evaluated using the bolster 
side-bending technique. D: The bolster side-bending film 
is taken with the trunk laterally flexed on a bolster posi
tioned under the ribs that conrespond to the apex of the 
deformity. 

ia fusion to the body of the ilium mirrors the fusion of the ver
tebral ring apophysis, signifying completion of spinal growth. 
The lateral-to-medial ossification of the iliac ac:st apophysis 
occurs over a period of 18 to 24 months, finally capping the 
entire iliac wing. Risser classified the extent of apophyseal ossi
fication in stages, ranging from Risser 0, indicating absence of 
ossification in the apophysis, to Risser V. indicating fusion of 
the fully ossified apophysis to the ilium (spinal growth com
plete) (131). Risser I through N are assigned to the intermedi
ate levels of matUrity as seen in Figure 17-13. 

Risser originally described this finding on AP radiographs, 
which place the iliac apophysis close on the x-ray film. This is 
in contnst to the common current practice of PA projections 
and may explain some of the difficulties in reading this sign 
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(132). Despite the common reporting of the Risser sign as a 
measure of maturity; the appearance of the iliac apophysis gen
erally occurs after the most important period of rapid growth 
(97, 99). Little and Sussman (133) have suggested that the 
Risser sign is no more accurate at predicting scoliosis progres
sion than chronologie age. 

The status of the ttiradiate cartilage of the acetabulum 
also provides a landmark for assessing growth potential. 
The ttiradiate growth cartilage usually closes before the iliac 
apophysis appears (Risser 0), at about the time of maximal 
spinal growth (134. 135) (Fig. 17-14). Skeletal age can also 
be measured using the Greulich and Pyle atlas (136) to com
pare hand radiographs against illustrated st:andaJ:ds, although 
these readings become less accurate (large standard deviations) 
in the juvenile age group. Some authors have recommended 
using the maturation of the olecranon to determine skeletal 
age (137). Sanders has recently reported on the "digital skeletal 
age,, which provides information about growth potential par-

RGURE 17-11. A: This adolescent patient presented 
with spinal deformity. The standing-position PA radiograph 
demonstrates an obvious left thoracolumbar deformity. On 
careful examination. an abnormality at the lumbosacral 
junction is suggested. B: A cone-down radiograph of the 
lumbosacral junction demonstrates a clear hemivertebra. 
This congenital malformation is the primary deformity, 
and the thoracolumbar deformity above is a compensatory 
curve. It is certainly important to recognize this bea~use 
treatment of the thoracolumbar curve would lead to 
marked decompensation to the left. 

cicularly useful during the Risser 0 phase (138). This system 
uses the progressive development of the epiphysis of the meta

carpal and phalanges to determine skeletal age. 

Specialized Imaging Studies. Most idiopathic sco
liosis cases do not require imaging beyond plain radiography. 
Specialized imaging methods that can be used to evaluate cases 
with unusual fi:atute.s include MRI. CT. and bone scintigra, 
phy, each with specific indications and advantages. 

MRI has almost completely replaced myclopphy in the 
study of the neural elements in spine disorders. An acepcion 
is the patient who has had prior placement of stainless sted 
implants (making MRI visualization nearly impossible) and 
who continues to have symptoms or develops new ones that 
have to be studied. 

MRI study of the spine is indicated for all patients with 
idiopathic scoliosis in the infant and juvenile age groups (92, 
93, 139, 140) and also for those with congenital bony anoma, 
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A: Measurement of the Cobb angle. The end vertebrae of each curve must 
be selected before any measurement can be made. The end vertebrae of the curve are those 
which are most tilted from the horizontal. B: The endplates of the superior and inferior end 
vertebrae of the thoracic curve are marked on this figure. Perpendicular lines are constructed. 
C: The angle between the two lines is measured with a protractor and defined as the Cobb 
angle measure of the scoliosis. D: This method is used for quantifying the magnitude of sco
liosis at each of the three regions: upper thoracic, main thoracic, and lumbar. 
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FIGURE 17·13. Risser sign. The iliac apophysis ossifies in a predict
able manner beginning laterally and progressing medially. The capping 
of the iliac wing is correlated with slowing and completion of spinal 
growth, generally occurring over a period of 18 to 24 months. 

lies if surgical correction is planned (141, 142). Left thoracic 
rurves have been shown to have an increased association with 
spinal cord anomalies and may be an indication for MRI study 
(140, 143). It has also been suggested that all male patients 
should have a screening MRI, although no studies exist to sub
stantiate this. Indications are not clear for routine MRI prior 
to corrective surgery in patients with typical idiopathic sco
liosis (for whom clinical neurologic examination has shown 
nonnal results) (144). Several prospective srudies have been 
completed (145-147) of routine MRI screening for preopera
tive assessment (spine and brain) of all patients with idiopathic 
scoliosis. There is no evidence that an MRI is helpful in an 
otherwise normal adolescent with scoliosis. Clearly, however, 
patients with an abnormality in the neurologic examination 
(140) or with rutaneous findings (suggestive of dysraphism 
or neW'Ofibromatosis) should have an MRI study of the spine 
and/or brain. Additionally, Ouellet et al. (148) have suggested 
that a hyperkyphotic sagittal alignment of the thoracic spine 
should raise suspicion of a syringomyelia and trigger an MRI 
study. Severe angular and rotational deformities may be dif
ficult to analyze with an MRI because the spinal canal devi
ates into and out of the planar cuts of the sagittal and coronal 
images. CT myelography that produces a dye column may be 
better for revealing stenosis or an intraspinal filling defect in 
exuemel.y severe cases of scoliosis. 

The workup of patients with substantial back pain with 
no obvious cause may require a bone scan andlor MRI to 
evaluate for possible tumor, infection, or spondylolysis. The 
bone scan is an excellent screening test for studying the patient 
with scoliosis who is experiencing pain. The test allows one to 
screen for conditions ranging from osteoid osteoma to hydro-
nephrosis. A single~photon emission computed tomography 
type of bone scan (computerized tomographic enhancement) 

FIGURE 17-14. The triradiate canilage of the acetabulum is seen 
here {antJwt. The closure of this growth cartilage signifies comple
tion of the most rapid phase of adolescent growth. However, at least 
2 years of growth may be remaining following closure of the triradiate 
canilage. 

is very useful in identifying spondylolysis and its varying pre
sentations (Wlilateml., bilateral, cold scan, hot scan, etc.). If 
an area of increased activity is noted on the bone scan, addi
tional imaging (either MR or Cf) may be required. An MRI 
may also be used as a screening tool for patients who are in 
pain, although cortical. lesions (spondylolysis) may be harder 
to identify, and benign osteoid osteomas have been over~ 
intetpreted as malignancies. A screening MRI should include 
the entire length from the brain stem/posterior fossa to the 
sacrum. Individual MRI sequences for the b.tain, cervical, 
thoracic, and lumbar regions are not required. A limited num
ber of images, primarily in the sagittal and coronal planes, 
are sufficient to identify a rumor, Chiari malformation, syrin
gomyelia, or tethered cord. All aspects of the evaluation of a 
patient with scoliosis (history. physical examination, imaging 
studies) should be focused first on identifying possible non
idiopathic causes of the deformity, and only secondarily on 
characterizing the specific features of the curve. If one assumes 
an idiopathic etiology, an underlying spinal cord abnonnality 
or associated syndrome will be very diffirult to identify. One 
cannot recognize what one does not look for. 

NATURAL HISTORY OF IDIOPATHIC 
SCOLIOSIS 
Idiopathic scoliosis makes up the largest subset of patients with 
spinal deformity and, because its etiology is unknown, this 
diagnosis is one of exclusion made only aftet a careful evalua~ 
tion has ruled out other causes of scoliosis. The natural history 
of nonidiopathic scoliosis along with the appropriate choice 
of treatment (and associated risks of treatment) may deviate 
substantially from that of idiopathic scoliosis. The history. 



TABLE 11-2 Prevalence of Scoliosis 

Autflors No. of patients >5degrees 

Stirling at al.l155) 15,799 2.7 
Bruszewski and 15,000 3.8 

Kamza 1149) 
Rogala et al. {153} 26,947 5.3 
Shands and Eisberg 50,000 1.9 

(154) 
Kane and Moe {151} 75,290 
Huang (112) 33,596 
Morais et al. (156) 29,195 
Soucacos et al. 82,901 

(99) 

aamination. and imaging studies should be focused both on 
evaluating the severity of the deformity and on identifying its 
cause. Oinical features and tre:.ument of idiopathic scolio
sis also vary according to the age group to which the patient 
belongs (infantile, juvenile, adolescent). These are summarized 
in the subsequent text. 

Prevalence of Idiopathic Scoliosis. The preva
lence of idiopathic scoliosis (with a curve of >10 degrees) in 
the childhood and adolesc.ent population has been reported 
as ranging from 0.5 to 3 per 100 (149-155). The reported 
prevalence of larger curves (>30 degrees) ranges from 1.5 to 3 
per 1000 (156, 157). Therefore, small-to-moderate curves are 
the more common ones. and severe (~-threatening) curves 
are rare (Table 17-2). 

The percentage of cases seen in each age group demon
sttates a strong predominance of adolescent scoliosis, with a 
series from Boston showing 0.5% infantile, 10.5% juvenile, 
and 89% adolescent incidence (23). The natural histoty for 
each group varies substantially. 

Although classically idiopathic scoliosis has been divided 
into three groups according to the age of onset (infantile. juve
nile. adolescent). there is a movement to simplify this to "early
onset scoliosis" (before age 10 years) and "late-onset scoliosis" 
(typical adolescent scoliosis) (155). Dickson and Weinstein 
(158) and Weinstein et al. (159) believe that only early-onset 
scoliosis has the potential for evolution into severe thoracic 
deformity with cardiac and pulmonary compromise. 

Infantile Idiopathic Scoliosis. Infuntile idiopathic 
swliosis (liS) cases have been more commonly reported &om 
Britain than North America (23.160, 161). More recent reports, 
however. suggest a decn:asc: in the fr:c:quency of infantile cases, 
more closely paralleling the North American experience (162). 

liS presents as a left thoracic curve in approximately 90% of 
cases, with a male:female ratio of3:2 (160, 161, 163, 164). The 
curwture is often accompanied by plagiocephaly. hlp dyspla
sia. congenital heart disease, and mental retardation (21. 165). 
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(% of patients with CUI"VH of this magnitude) 

>10degiHI >ZOdegraa >311 dlgl'lll 

0.5 
3.0 0.5 0.15 

2.2 
1.4 0.5 0.29 

0.13 
1.5 0.2 0.04 
1.8 0.3 
1.7 0.2 0.04 

The series &om Britain suggests that the vast majority (up to 
90%) of these curves are self-limiting and resolve spontaneously 
(164); however, the few that are progressive can be difficult to 

manage. often resulting in lasting deformity and pulmonary 
impainnent (166). 

Prediction of Progression in Infantile Curves. Risk 
factors that predict a high likelihood for curve progression 
have been identified by Mehta (167) who, in a smdy of 135 
patients with liS, determined certain radiographic prognostic 
parameters: (a) rib vertebr.d angle difference (RVAD) and (b) 
phase of the rib head. The difference in the obliquity between 
the two ribs attaching to the apical vertebra (right versus left) 
is known as the RV.AD. The RVAD is the most commonly 
utilized measure and is determined at the apical vertebra on an 
AP radiograph. The ribs in the concavity of progressive infan
tile scoliosis are relatively horizontal, whereas those on the con
vex side are more vertically aligned (Fig. 17-15). Eighty-three 
petc:ent of Mehta's reported cases resolved when the RVAD was 

RVAD=A-B 

RGURE 17-15. In liS, the RVAD helps in predicting curve progres
sion. The RVAD is constructed by first detannining the angle of the 
right and left ribs at the apical vertebral level of the defonnity. The 
slope of the ribs relative to the transverse plane is measured for each 
rib. The difference in the angle between the right and left sides is the 
RVAD. A difference of more than 20 degrees suggests a high likeli
hood of a progressive form of liS, according to Mehta. 
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<20 degrees, compared to 84% progressing when the RVAD 
was >20 degrees (167, 168). 

Juvenile Idiopathic Scoliosis. Juvenile idiopathic 
scoliosis QIS), defined as scoliosis with an onset at the ages 
of 4 to 10 years, accounts for approximately 8% to 16% of 
childhood idiopathic scoliosis (25, 169, 170), and in many 
respects represents a transitional group between the infantile 
and adolescent groups. Curves with onset in this age group 
are often progressive, with potential for severe trunk defor
mity and eventual cardiac and pulmonary compromise. Many 
patients who present in adolescence (previously undiagnosed 
and untreated) with severe thoracic curves requiring immedi
ate surgery had the onset of their curves in the juvenile age 
period, making the differentiation between juvenile and ado
lescent grouping problematic. 

In JIS, boys seem to be affected earlier than girls (171, 
172). In a series of 109 patients evaluated by Robinson 
and McMaster, the boys presented at a mean age of 5 years 
8 months compared to a mean age of7 years 2 months for the 
girls. The ratio of girls to boys was 1: 1.6 for those younger than 
6 years and 2.7:1 for those older than 6 years at presentation. 
Additionally, there were equal numbers of right- and left-side 
curves in the younger group (<6 years) with a preponderance of 
right-side curves (3.9:1) in the patients older than 6 years (171). 
When curves reach 30 degrees, they are nearly always progres
sive if left untreated (172). The rate of progression is 1 to 3 
degrees per year before the age of 1 0 years, and this increases 
sharply to 4.5 to 11 degrees per year after that age (171). This is 
particularly true of thoracic curves that, despite treatment with 
braces, require arthrodesis in more than 90% of the patients 
(169, 171). The surgical treatment of JIS is similar to that for 
AIS; however, anterior growth ablation (fusion) in addition 
to posterior instrumentation and fusion is more commonly 
indicated to prevent "crankshaft" rotational growth following 
posterior fusion (see subsequent text). In very young patients, 
instrumentation involving a system that can be periodically 

FIGURE 17-16. During the adolescent 
growth spurt, the rate of increase in height 
rises from approximately Bern per year to as 
much as 1 0 em per year. The age at peak height 
velocity or the time of most rapid growth 
occurs before the onset of menses or appear
ance of the Risser sign. It is during this phase 
of growth that scoliosis progression is most 
likely. (From Little DG, Song KM, Katz D. et al. 
Relationship of peak height velocity to other 
maturity indicators in idiopathic scoliosis in 
girls. J Bone Joint Surg Am 2000;82:685-693, 
with permission.) 
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lengthened is sometimes used (instrumentation without fusion 
or fusion only at proximal and distal hook sites). 

Adolescent Idiopathic Scoliosis. Patients with this 
most common category of scoliosis theoretically develop a curve 
after the age of 1 0 years, corresponding to the rapid growth 
phase of adolescence. Again, the separation of adolescent and 
juvenile curves is somewhat arbitrary because an 11-year-old 
girl who presents with a 70-degree scoliosis almost certainly 
had the onset of scoliosis in the juvenile age period. As noted 
previously, the data indicate that the prevalence of curves of 1 0 
degrees or greater ranges between 0.5% and 3%. These data 
have been collected from a variety of sources including screen
ing chest x-rays and school-screening programs. Roughly 2% 
of adolescents have a scoliosis of 1 0 degrees or greater, but only 
5% of these cases experience progression of the curve to >30 
degrees. The ratio of boys to girls is equal among patients with 
minor curves, but girls predominate as the curve magnitude 
increases, with the ratio reaching 1 :8 among those requiring 
treatment (170). 

Risk Factors for Progression. Knowledge of which 
curves will likely worsen and which will not is critical in decid
ing which patients need treatment. The parameters that are sig
nificant in assessing the risk for scoliosis progression include 
gender, remaining skeletal growth, curve location, and curve 
magnitude. Scoliosis progression is most rapid during peak 
skeletal growth (early infancy and adolescence). The peak 
growth velocity of adolescence averages 8 to 10 em of overall 
height gain per year (40, 135), with half of this growth coming 
from the trunk (spine) (25) (Fig. 17-16). Several determinants 
are useful in predicting the remaining growth. The age of the 
patient is one such obvious determinant. However, substantial 
variations in skeletal growth are seen among patients of the same 
chronologie age; therefore, bone age is a more consistent indica
tor (173). Menarchal status helps determine the growth spurt 
in girls (the onset of menses generally follows approximately 
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12 months after the most rapid stage of skeletal growth). (For 
additional information on growth, see Chapter 2.) 

The Risser sign, which is associated with the inaccuracies 
noted in the preceding text, has been used for assessing the risk 
for curve progression. When the Risser sign is I or less the risk 
for progression is up to 60% to 70%, whereas if the patient is 
Risser 3 the risk is reduced to <10% (4, 174). 

Unfortunately. many of the readily identifiable markers of 
maturity (menarcheal status, Risser sign) are quite variable and 
appear just after the adolescent growth spurt. If there is no accu
rate record of prior growth performance, it is impossible to tell 
whether a premenarcheal, Risser 0 patient is approaching, in the 
midst of, or past the time of most rapid growth and consequent 
risk for scoliosis progression. Closure of the triradiate cartilage 
of the acetabulum as well as capping of the digital epiphysis has 
been identified as radiographic signs that more closely approxi
mate the time of peak growth velocity (137, 143). 

The curve pattern has also been identified as an important 
variable for predicting the probability of progression. Curves 
with an apex above T12 are more likely to progress than iso
lated lumbar curves (174). Curve magnitude at initial diagno
sis also appears to be a factor associated with progression (41, 
175) (Fig. 17-17). In a series of skeletally immature patients 
(Risser 0 or 1), curve progression occurred in 22% of cases with 
a curve at initial diagnosis of 5 to 19 degrees, compared with 
68% incidence of curve progression when the initial curve was 

20 to 29 degrees (40). The rate of curve progression increased 
to 90% when the initial curve was 30 to 59 degrees (159, 176). 

Natural History in Adulthood. The long-term effects 
of idiopathic scoliosis in adults should be understood when con
sidering treatment in childhood and adolescence. The risk of 
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FIGURE 17-17. The incidence of scoliosis curve progression is 
greatest for younger ages and for larger curves. (From Lonstein JE, 
Carlson JM. The prediction of curve progression in untreated idio
pathic scoliosis during growth. J Bone Joint Surg Am 1984;66:1 061-
1071, with permission.) 
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curve progression is greatest during the rapid phases of growth 
as discussed in the preceding text; however, not all curves sta
bilize after growth stops. In the long-tenn studies performed 
at the University of Iowa, more than two-thirds of the patients 
experienced curve progression even after skeletal maturity. 
Thoracic curves of <30 degrees tended not to progress, with the 
most marked progression occurring in curves between 50 to 75 
degrees at the completion of growth (continuing to progress at a 
rate of approximately 1 degree per year). Lumbar curves gener
ally progressed if they were >30 degrees at skeletal maturity (177, 
178). Several studies provide insights into what the future holds 
for affected individuals. Early studies of patients with untreated 
scoliosis whose cases were followed for up to 50 years reponed 
a mortality rate twice that expected in the general population, 
with cardiopulmonary problems being cited as the most com
mon cause of death (179, 180). Disability and back pain were 
common among the patients (180, 181). Unfonunately. the 
etiology of the scoliosis in these studies was mixed (idiopathic, 
congenital, neuromuscular), and the severity of the scoliosis was 

not known in the cases of many of the patients, making correla
tions to those with idiopathic scoliosis impossible. 

In more recent studies, in which only patients with AIS 
were included, the increased monality rate reported previously 
has not been confirmed (159, 182). Mortality from cor pul
monale and right hean failure was seen only in severe thoracic 
curves (>90 to 100 degrees) (183, 184). 

Pulmonary function becomes limited as thoracic scoliosis 
becomes more severe (>70 degrees) (159, 182, 185-187). The 
incidence of mild-to-moderate impairment in forced vital capac
ity and forced expiratory volume in 1 second (FEVI) increases 
with curve magnitude (183, 188) (Fig. 17-18). The associated 
deformity of the chest cavity causes restrictive lung disease. 
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FIGURE 17-18. Pulmonary function as it relates to thoracic curve 
severity. As can be seen. a greater thoracic Cobb magnitude is associ
ated with a greater risk of moderate-to-severe pulmonary impairment. 
(From Newton PO. et al. Results of preoperative pulmonary function 
testing of adolescents with idiopathic scoliosis. J Bone Joint Surg Am 
2005;87: 1937-1946, with permission.) 
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Thoracic lordosis also decreases lung volwne and increases the 
deleterious effects of scoliosis on pulmonary function (183). 

Estimates regarding the frequency of back pain and 
associated disability in adults with scoliosis vary, but most 
studies have demonstrated slighdy higher rates of back pain 
compared to control groups (182, 184, 189, 190). The 1476 
patients with AIS surveyed in Montreal had more frequent and 
more severe back pain than did 1755 control subjects (184). 
Disability rates have been higher in some series (180, 184) 
and similar in others (182). After 50-year follow-up, 65% of 
patients with late-onset idiopathic scoliosis reponed chronic 
back pain compared with 35% of the controls (159). 

The social impact of scoliosis varies with the individual 
and with the cultural setting. Nowadays, many patients are 
seriously concerned about the appearance of their backs and 
seek medical treatment to correct their deformities (188). 
Some studies repon that the rate of marriage is lower among 
women with scoliosis; this implies a psychosocial impact of 
the deformity (179, 180). Many modem parents are unwill
ing to accept significant deformity of any type in their child, 
whether it is dental, dermarologic, or orthopaedic, panicularly 
if there is a reasonable and safe way to correct the condition. 
However, as safe as scoliosis surgery has become, it carries with 
it finite risks and lasting consequences, most notably loss of 
spinal motion within the treated segments. Balancing these 
risks against current and/or future deformity challenges the 
decision-making skills of the treating surgeon. 

SCHOOL SCREENING FOR SCOLIOSIS 

School-screening programs have been instituted in many coun
tries to detect scoliosis at an early stage. The goal is to detect 
childhood scoliosis early enough to allow brace treatment rather 
than in its late stages when surgical correction and fusion would 
be needed (191-193). Screening programs for any disease are 
indicated if effective early treatment methods exist, and if the 
disorder is frequent enough to justify the cost. Although screen
ing programs for scoliosis are widespread in North America, the 
variable sensitivity and specificity of the screening exam and the 
questioned efficacy of brace treatment have caused some to sug
gest that school screening is not justified (158, 192, 194-196). 

Despite these concerns, scoliosis screening is commonly 
performed on school children between the fifth and the sixth 
grades (age 10 to 12 years) (110). The Adams forward bend test 
is employed in combination with scoliometer (110) measure
ment of the maximwn ATR (Fig. 17 -8). A referral and a radicr 
graph are recommended when theATRis >7 degrees (25, 170). 
The 7-degreeATRstandard detects nearly all curves >30 degrees, 
but leads to a large nwnber of patient referrals (2 to 3 per 100 
children screened) (110, 111) for radiographs in adolescents 
who have only spinal asymmetry (Cobb angle <10 degrees) or 
mild scoliosis (Cobb angle <25 degrees) not needing treatment. 
Overall, in school-screening programs, the incidence of curves 
of Cobb angle > 10 degrees is approximately 3%, and of curves 
>25 degrees, about 0.3%. 

Despite the criticism leveled at school screening (cost, 
over-referral), many experts believe that the emphasis placed 
on screening for early diagnosis has gready increased awareness 
of scoliosis, not only in the lay public but also among primary 
care physicians. It appears that the combination of increased 
awareness plus the efficacy of screening programs has reduced 
the nwnber of patients who do not see a physician until they 
have a marked deformity (191, 193, 197, 198). This theory 
remains controversial, and others have presented longitudinal 
data (following the institution of a screening program) that 
contradict this opinion (157, 194, 199). 

TREATMENT OF IDIOPATHIC SCOLIOSIS 

In considering the treatment options of idiopathic scoliosis, 
one must understand the natural history of the untreated con
dition. Improved understanding of three-dimensional defor
mity and advances in surgical techniques and instrumentation 
have dramatically changed the management of idiopathic 
scoliosis in the past half century. Therefore, the short-term 
outcomes of the most modern treatment are reasonably well 
known; however, the long-term results are less well defined. 
Because of this lack of knowledge, there may be continuing 
controversy regarding treatment choices in any individual 
patient. 

Nonoperative Treatment of Idiopathic Scoliosis. 
Most patients with spinal curves < 15 degrees are referred 
back to their pediatrician to continue routine yearly screen
ing. If there is a concern for progression based on growth 
remaining or family history, a repeat exam can be done in 
12 months. Idiopathic curves of 15 to 25 degrees should be 
monitored with clinical and radiographic examination every 
6 to 12 months (depending on the age and growth rate of the 
patient) with clinical and radiographic examination. Those in 
the rapid phases of growth are seen at more frequent intervals 
(every 4 to 6 months). Curves >30 degrees should be moni
tored for progression after skeletal maturity, with radiographs 
obtained approximately every 5 years. Curve progression in 
the mature patient (when it occurs) is slow enough (approxi
mately 1 degree per year) that more frequent follow-up is not 
indicated. 

Indications for Orthotic (Brace) Treatment. In 
growing children, a spinal orthosis {brace) may be considered 
when a curve progresses to 25 degrees (200-206). Some sur
geons insist that curve progression of more than 5 degrees be 
documented before using bracing in curves of <30 degrees. 
Others will consider bracing early at 20 degrees when there is 
a strong family history for progressive scoliosis (for instance, 
if the mother or a sibling has required surgical treatment 
for scoliosis) (205). Scoliosis braces of many different styles 
and corrective mechanical principles have been developed, 
the common goal being to modify spinal growth by apply
ing an external force (203). Because brace treatment depends 



on spinal growth modulation, treatment is prescribed only for 
patients with substantial spinal growth remaining (Risser 2 or 
less). The upper limit of auve magnitude that is amenable to 

brace treatment is approximately 40 to 45 degrees. Most stud
ies have confumed that, even in the most cooperative patients, 
the final result of brace treatment is merely maintenance of the 
curve at the degree of severity present at the onset of bracing. 
Many f.unilies will be excited by the improvement seen within 
the brace and anticipate this to be the outcome of using a 
brace, but when the brace is discontinued the c:urve will genet
ally settle to its ptetl'Cltment 1~1 of severity (204, 207, 208). 
Patients with scoliosis and their parents should be advised of 
this limitation. 

In the patient with early-onset scoliosis (infantile and 
JIS), braces are also commonly used as a primary form of 
treatment or util.ixed between periods of casting. While the 
hope is to prevent the need for swgery, the primary goal is to 
slow progression, delay swgical intervention, and allow con
tinued spinal growth before intervening surgically. Similar to 
adolescent patients, the thre&hold to begin b.taci.ng in these 
patients is 20 to 25 degJeeS. The indications for surgery in 
early-onset patients are less clear, and, therefore, brace wear is 
typically used beyond the 40-degree limit utilized in adoles
cent patients. 

A 
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Brae a Typas. The Milwaune brace, developed by Walter 
Blount at Milwaukee Children's Hospital in the 1940s, became 
the standard against which other designs were compared 
(209). This brace remained popular into the 1980s (210), but 
due to ia poor tolerance by many patients, it is not routindy 
prescribed. The original design provided longitudinal traCtion 
between the skull and the pelvis with lateral translational forces 
directed through pads on the chest wall. 

An unde.rum brace or a thoracolumbanacral orthosis 
('ILSOs) [e.g., Boston (211, 212) and Wilinington (213, 214)] 
(Fig. 17 -19) has replaced the Milwaukee brace in most centct3 
because of JnOre ~y acceptance by the patients. Because no 
cervical extension is used, the brace is less conspicuous. The 
wearing of a viaible scoliosis brace is seen as a stigma by many 
teenage patients, and comequendy produces a negative self
image (215, 216). Despite improvements in the appearance of 
the brace (worn under the clothes, no visible neckpiece), many 
teenagers will not cooperate with brace wear. Reasons for failure 
include pain (217), poor fit, discomfort from the heat, family 
environment, and concerns about self-esteem. The use of such 
u.ndetatm braces is limi~ to curves with an apex bdow17. 

The Charleston and Providence nighttime bending braces 
(218, 219) attempt to create a more complete correction of 
the ~ by producing a maximal trunk bend, so severe that 

FIGURE 17-19. A: Boston brace. B: This PA radiograph demonstrates a right thoracic left lumbar curve pattern in an adoles
cent patient with remaining growth. C: The in-brace radiograph demonstrates a reduction of both the thoracic and the lumbar 
curves. 
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it precludes walking (Fig 17-20). These braces are therefore 
prescribed only for nighttime wear. 

There have also been attempts to design nonrigid braces 
with straps specifically placed to provide to corrective forces 
on each curve. By being flexible, the belief is that they provide 
dynamic curve cotn:(;tion (220, 221). These braces have not 

A 

c 

been as e:nensivdy tested as their more rigid counterparts and 
are less commonly prescribed (206, 222). 

Wearing Schedule. The correction achieved by a brace is 
thought to be caused by the constant corrective molding of the 
trunk and spine during growth. As such, full-time (23 hours 

B 

FIGURE 17·20. A: Charleston nighttime bending 
brace. B: This thoracolumbar cu!Ve is one that appears 
amenable to treatment with a nighttime bending brace. 
C: The in-brace radiograph demonstrates nearly com
plete correction of the thoracolumbar curvature. 



per day) brace wear was first advised by Blount and continues 
to be recommended by many who prescribe scoliosis braces. 
Certain centers began to treat patients for only 16 hours per 
day, allowing the child to go to school without the brace, hop
ing that the abbreviated schedule would lead to greater compli
ance by the patient (213, 223). This schedule is popular with 
many surgeons (and patients). 

A meta-analysis performed by the SRS Prevalence and 
Natural History Committee found a dose-dependent rda
tion between the number of in-brace hours per day and suc
cess in preventing curve progression (224), thereby suggesting 
that ensuring more hours of brace wear per day provides 
more effective correction. This contradicted a study with the 
Wilmington brace that did not demonstrate a difference in effi
cacy between part-time and full-time bracing (213). A recent 
publication from Katz et al. suggests a dose-dependent effect 
of bracing (225). They prospectivdy evaluated patients treated 
with a Boston brace and measured brace wear using a heat 
sensor. Curves did not progress in 82% of patients that wore 
their brace > 12 hours compared with only 31% that wore their 
brace <7 hours. 

Brace Efficacy. The effectiveness of bracing for idiopathic 
scoliosis has been presumed for many years, yet wdl-controlled 
treatment trials with and without bracing have not been com
pleted (200, 226). Earlier studies reporting high success rates 
for brace treatment were subsequendy noted to have included 
many patients who were at low risk for progression. Lonstein 
and Wmter evaluated 1020 patients treated with a Milwaukee 
brace, over half of whom were at substantial risk for progres
sion, and for whom the natural history was known. In the 
group with an initial curve between 20 and 29 degrees and at 
high risk for progression, the brace was found to be effective 
compared to natural history data pertaining to the untreated 
state (210). This is in contrast to the findings ofNoonan et al. 
(227) who have recendy called into question the efficacy of the 
Milwaukee brace. 

In 1995, the results of a prospective, controlled (but not 
randomized) study of bracing by the SRS were published. 
Results were compared in 286 patients, with an initial curve 
of 25 to 35 degrees: 129 were observed but received no treat
ment, 111 were treated with an underarm brace, and 46 were 
treated with nighttime dectrical stimulation (46 patients). 
Curve progression at the end of bracing (skdetal maturity) 
was limited to <5 degrees in 74% of those treated with a 
brace, compared with 34% in those who received no treat
ment. The group treated with dectrical stimulation had a suc
cess rate of only 33% (200). Critics cite flaws in this study 
rdated to it being nonrandomized, nonblinded, with baseline 
differences between groups and a lack of reporting on surgi
cal rates (158, 205). A recent Cochrane review reported that 
there is very low-quality evidence in support of bracing (222). 
Many concerns regarding these studies have been rdated to 
the compliance of brace wear (228). Objective compliance 
devices using temperature sensors have been developed to 
determine compliance (229, 230). Currently, a randomized 
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multicenter study supported by the National Institutes of 
Health is being undertaken to assess the effectiveness of brace 
wear for AIS (230). 

Data regarding the efficacy of various brace designs are 
mixed, with differing inclusion criteria making direct com
parisons difficult (223, 224). However, in two studies, a full
time underarm brace was more successful than a nighttime 
Charleston bending brace both in preventing curve progres
sion and in preventing surgery (201, 231). Both of these stud
ies were retrospective with potential biases, and no prospective 
comparison of various braces has been perfOrmed to confirm 
these conclusions. One study did suggest that the nighttime 
Charleston brace equaled the efficacy of a Boston brace for 
single-lumbar and thoracolumbar curves (201). 

In summary, although brace treatment for progressive 
curves is considered the standard of care in many centers, the 
scientific basis for brace efficacy is not powerful. When to 

intervene remains a difficult decision to make that requires an 
active discussion between the treating physician, the patient 
and the parents. This is because although very mild curves 
appear to be more effectively controlled with a brace, a blan
ket application of this policy would lead to many children 
being braced unnecessarily. Waiting until the curve reaches 
30 degrees allows one to brace the smallest number of patients, 
yet the margin between a curve of 30 degrees (brace insti
tuted) and 40 to 50 degrees (surgery indicated) is distressingly 
small. Finally, many adolescents strongly resist brace wear and 
such resistance is understandable (232, 233). Compliance is 
thought to be a major factor in why there is less success with 
bracing in teenage boys who might have to wear a brace for 
as long as 5 years (skdetal maturity is often reached only at 
age 18 or greater). Karol (234) reported a bracing failure rate 
of 74% in boys. Each of these factors makes orthotic (brace) 
treatment of scoliosis a continuing challenge. 

Once a patient has been prescribed a brace, the patient 
should then have an in-brace PA radiograph to determine 
effectiveness. The goal is to achieve at least 50% curve cor
rection in fulltime braces and >75% correction in bending 
braces. Patients are subsequendy monitored similar to non
braced patients every 6 months with radiographs out of the 
brace to document possible progression. Any decision to either 
discontinue the brace or recommend surgery is based on curve 
magnitude and progression out of the brace as well as skeletal 
maturity. 

Corrective Casting. In some cases, bracing may not pro
vide sufficient corrective force, and a molded body cast may be 
indicated. In the years before the advent of posterior instru
mentation, this was the primary means of obtaining curve cor
rection prior to fusion. Today it is used to aid in immobilizing 
patients who are too small for rigid instrumentation prior to 
fusion, or in those with severe deformities who are too young 
to undergo fusion. Progressive liS is currendy the most com
mon indication for a well-molded corrective body cast (235). 
In these young patients, rib deformity associated with the cast 
pressure is almost certain to occur. However, this approach 
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may delay the repeated surgeries that will follow application of 
a growing rod instrumentation system in such a patient. The 
complications associated with growth rod constructs make 
them a method of last resort. Risser-type casting is a good 
choice in patients with progressive liS, either before moving to 
a brace or after a bracing failure has occurred. Similar to other 
fOrms of m:atment, there are many te(:hniques fur applying the 
cast to obtain th.tee-dimensional spinal defOrmity correction 
(Ftg. 17-21 ). Mehta (236) has reported on the outcomes of her 
casting method which focwes on elongation and detotation of 
the trunk. 

Surgical Correction of Idiopathic Scoliosis 
Indications. The goals for surgic:al treatment of idio
pathic scoliosis include the prevention of further curve 
progression, obtaining three-dimensional realignment, 
while mwmizing coronal and sagittal balance. Corrective 
instrumentation plus arthrodesis (fusion) provides the best 
method for achieving lasting correction. This can be done 
either anteriorly, posteriorly, or in severe cases via both 
anterior and posterior methods. Current techniques rely 
on the development of a stable fusion to maintain the cor
rection over time, with the rods serving as internal struts 
while fusion proceeds. Application of a rod system with
out a bony fusion predictably leads to eventual rod fracture 
and loss of correction; instrumentation without fusion (as 
in growing rod constructs) can be useful as a temporizing 
method. 

The indications fur surgical correction of scoliosis are 
based on Cll1'W magnitUde, clinical defonnity, risk for progres
sion, skeletal maturity, and curve pattern. In general, thoracic 
auves of Cobb angle >40 to 50 degrees in skeletally immature 
patients should be surgically conected, whereas surgical wr
reaion is reserved fur curves of 50 degrees or more in mature 
patients (in whom there is a lower risk of progression). These 

RGURE 17-21. A body cast is often required in the treatment of 
progressive liS. This demonstrates a method of applying a bending 
force by suspending the trunk with muslin before rolling a Goretex
lined fiberglass cast. 

Cobb angle ranges are meant as guidelines rather than absolute 
indications and are based on the natural history of Wttreated 
scoliosis. Facrors other than Cobb angle should be strongly 
considered when deciding between operative and nonopera
tive treatment. Trunk defOrmity (rotation) and trunk balance 
are important factors in deciding when to advise surgical cor· 
rection. A patient with a lumbar~ of 35 degrees may have 
such. a severe lateral trunk shift that surgical cottection is indi· 
cated (Fig. 17-22). The curve pattern has a great impact on 
the deformity of the trunk associated with the scoliosis; long, 
single auves can produce a more noticeably unbalanced trunk 
requiring surgical intervention at a lower absolute Cobb angle 
(Fig. 17-23). In contrast, two well-balanced 50-degree curves 
(double major pattern) in a skeletally mature patient may be 
reasonably monitored for progression. It is not absolutely clear 
whether a long instrumented fusion has improved long-term 
outwmes compared with two initially stable balance curves. 

When recommending surgical treatment of scoliosis, it 
is implied that both immediate and long-term outcomes will 
be imp1'<M:d as compared to nonoperative treatment. The 
short-term results of surgical treatment are well known, with 
a variety of surgical techniques having been studied fur most 
auve types. Midterm (5 to 10 years) outcomes of modem cor· 
rective surgery are becoming available (237-241) but, like all 
adv:mcing technologies, the surgical methods tend to change 
faster than the results can be collected. The 20-year follow·up 
study by Dickson et al. (242) of Harrington's surgically treated 
patients showed good long-term results. 

Posterior Spinal lnstnlmentation. Harrington (243) of 
Houston introduced posterior spinal instrumentation in the 
early 1960s to make spine fusions more predictable. Prior to 
this, in situ fusions with body cast wttea.ion were performed 
(244) to wrrect the defOrmity and to immobilize the spine while 
the fusion progressed. The addition of Harrington's instrumen· 
tation improved. scoliosis correction and gready reduced the 
incidence of pseudarthrosis fullowing scoliosis surgery. 

Hanington In.trumc:ntation. The Harrington instru
mentation system consists of a ratcheted concave distraction 
rod with a hook at either end and a threaded compression 
rod attached to the transverse processes on the conva side 
of the curve. Coronal plane improvement provided by the 
Harrington distraction rod was often gained at the expense 
of decreased thoracic kyphosis and flattening of the lumbar 
spine (the so-called ftat-btUk deformity), as noted in the sagittal 
plane (Fig. 17-24). The lower the instrumentation extended 
into the lumbar spine, the greater the loss in lordosis as wdJ. as 
the higher the likelihood of experiencing low back pain (245, 
246). Subsequent modifications of the Harrington concept 
included the use of suhlaminar wires or a square-ended rod 
to allow rod contouring (in an attempt to maintain thoracic 
kyphosis and lumbar lordosis) while preventing rod rotation 
with distraction (247). 

The trend toward protecting normal lumbar contour 
w.tS gready adwnced by Moe's clarification that most scoliosis 
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FIGURE 17-22. A: This photography demonstrates relatively substantial trunk decompensation to the right associated with 
thoracolumbar scoliosis. B: A relatively great length of the spine is involved in the deformity, and this may in some way be 
responsible for the fairly sizable trunk decompensation despite a Cobb angle measurement of 35 degrees. Other thoracolumbar 
deformities of similar Cobb angle magnitude are often associated with much less clinical deformity. This highlights the short
comings of using only the Cobb angle measure in determining appropriate treatment. 

(with apparent double curves) requiring surgical c:onection 
may rwt require fusion of the lumbar curve. He noted that 
the lumbar curve is very often secondary and does not .require 
fusion (the so-called King-Moe type 2 curve). Application of the 
King-Moe curve classification will be emphasized later in this 
chapter (248). 

Cotftll-Dubous.tet and Othu Doable-Rod, Multiple-Hook 
Syatems. Nearly 20 years after Harrington's method -was 
introduced, Cottel and Duhousset (265) in France introduced 
a multihook system, which allowed distraction and compres
sion on the same rod. Sagittal plane contouring of the rods and 
segmental hook fixation improved ~ com:ction and postop
~ve stability. Many other segmental fixation posterior instru
mentation systems utilizing similar concepts are now available 
fur surgical com:aion of scoliosis. Cum:nt options for attach-

ment to the posterior spine include hooks (fur attachment to the 
transverse processes, laminae, and pedicles), sublaminar wires 
(Luque), spinous process wires, and pedicle screws (250, 251). 

Pc:d.icle Saew Systems. The use of pedicle screws has 
become increasingly popular for the management of idio
pathic scoliosis through a posterior approach. Initially, sur
geons were concerned about the size of thoracic pedicles 
and the safety in placement of pedicle screws, especially on 
the concave side (249, 252). Pioneered by Suk, it has been 
shown that pedicle screws can be safely placed in the tho
racic spine (253-255). 

The benefits provided by three-column pedicle screw fix:a. 
tion included greater coronal Cobb correction, improved ver
tebral derotation (axial plane com:ction) resulting in greater 
rib prominence reduction, decreased need fur anterior .releases 
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Lumbar Thoraco .. t u mbar Double Major Thoracic 
FIGURE 17-23. This classic series of photographs from James demonstrates the clinical appearance of four patients. each 
with a 70-{!egree magnitude scoliotic curve, although with different curve patterns. The clinical deformity is greater in single 
curves. particularly in the thoracic spine. (From MontgomeiY F. Willner S. The natural history of idiopathic scoliosis. Incidence 
of treatment in 15 cohorts of children born between 1963 and 1977. Spine 1997;22:772-774. with permission.) 

in large, stiff curves and potentially saving of fusion levels (250, 
25~258). It has also been suggested that the t:hn:e--column 
fixation may help prevent the cranlahaft phenomenon seen in 
skeletally immature patients. The concerns regarding pedicle 
screws include increased cost, inability to acruratel.y place in 
dysplastic pedicles, safety concerns, and a common secondary 
reduction in thoracic kyphosis (253, 259, 260). Since their 
introduction, pedicle screws have also evolved from a fixed 
device (monoaxial screw) to a multiaxial screw that can sim
plify rod reduction but has decreased conectional control, to 

a uniplanar screw (screw head motion limited to the sagittal 
plane) that has been suggested to have the benefits of both 
sc:rews types (261, 262). 

It must be emphasized that it .is still important to under
stand how to utilize hooks and wires in the management of 
scoli.os.is. Even among surgeons skilled at pedicle screw instru
mentation, hooks and wires continue to be used. In siwations 
where a pedicle screw cannot be placed and a fixation point 
is needed, a hook or a wire (cable) can be a safe and effective 
alternative (263). Proximally, it also has been postulated that 
transverse pnx::ess hooks may minimize the risk of junctional 
kyphosis by limiting the soft-tissue dissection needed to place 
pedicle screws (264). 

Mec:hani•ms of Com:aion. The advances in insttumenta· 
cion have a1lowc:d for the development of multiple techniques 
to achieve scoliosis correction through a posterior approach. 
The use of compression and distraction has long been used 
to manage scoliosis since the time of Harrington instrumen
tation. Distraction on the concave rod decreases scoliosis. In 
the thoracic spine, posterior distraction also increases kypho
sis, which is desired in the typical hypokyphotic idiopathic 
curve. Compression on the convex rod can aid in reducing the 
coronal curve. This maneuver also increases lordosis, which is 
useful when correcting a lumbar scoliosis. These are the prin
ciples that crc:ated the common patterns for hook placement 
with multihook systems (Fig. 17-25), and that continue to be 
utilized even with modern pedicle screw systems to segmen
tally enhance spinal deformity correction. It is important to 
remember, however, the effect of compression and distraction 
on kyphosis and lordosis so as not to inadvenently negatively 
affect the sagittal balance. 

Frontal plane realignment of the spine can be accom
plished by translating the vertebra. This translational move
ment may be performed by connecting the concave rod, 
precontoured to the desired sagittal profile (anticipating some 
rod flattening), to each fixation site along the spine and then 



rotating the rod into the sagittal plane. This rod "derotation" 
maneu'Yl:r, popularized by Duhousset. remains an effective 
method for uanslating the apa of the curve into a more nor
mal posicion, thereby improving both the coronal and the sag
ittal deformity (265). Another method for translating the apex: 
in space involves locking the concave rod into the position of 
anticipated correction and then sequentially drawing the spine 
to the rod (Fig. 17-26). Both translation techniques require 
a rod stiff and strong enough to maintain its contour as well 
as bony fixation sufficient to withstand the corrective forces. 
Otherwise, a stiff curve will cause a weak rod to "bend out" 
or an implant (screw, wire, or hook) to pull out of the bone. 

The t:rans'Yl:l'Se plane correction of vertebral rotation (par
ticularly at the apex of the curve) has traditionally not been 
addressed by ttanslation, rod d.erotation, compression. and 
distraction techniques (266, 267). Differential rod contour
ing in the sagittal plane be~n the convex and concave side 
rods can apply some d.erotational forces to the apical 'Yl:rte
brae. By overcontouring kyphosis into the concave rod and 
undercontouring the convex rod, this can produce a rotational 
moment across a vertebra (Fig. 17-2n. The conca'Yl: rod is 
placed initially causing the deeper (more anteriorly displaced) 
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RGURE 17-24. A: Harrington 
distraction rod is seen on the left, 
combined with a smaller threaded com
pression rod on the right. B: Distraction 
into the lumbar spina associated with 
this system unfonunately often leads 
to a reduction in lumbar lordosis. creat
ing a flat-back deformity. 

concave apical vertebrae m be drawn (rotated) more posteri
orly. The convex rod is then plac:c:d on the proximal vertebra. 
By cantilevering this convex rod and progressivdy engag
ing each. caudal vertebra, it produces the desired rotational 
moment and correction. Since the convex: side of the apex 
vertebra is the most elevated, this differential contouring pro
duces the greatest rotational correction where the axial rota
tion is greatest. The heads of pedicle screws can also be direcdy 
manipulated with specialized derotacion instruments. En bloc 
vertebral derotation involves application of fora: on three to 
four apical segments from the convex side and rotating each 
Vl:rtebra around the axis of the concave rod. It is similar to the 
technique of differential rod contouring except that the force is 
applied on all vertebrae simultaneously with temporary insttu
ments. In the technique of segmental direct vertebral-body 
rotation, the derotation maneuver is applied to individual 
segments (268). Utilizing the neutral vertebra as the reference 
point, each vertebra is d.erotated to this neutral axial rotational 
alignment (Fig. 17-28). Since monoaxial screws and uniplanar 
screws are fixed in the direction of the axial plane, they have 
been shown to be the best at maximizing correction of axial 
plane vertebral rotation (261). 
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FIGURE 17-25. This hook pattern represents the commonly used 
method for achieving correction of a right thoracic left lumbar scolio
sis curve pattern. The left-side rod would be placed first. with distrac
tion in the thoracic spine being an appropriate force to correct both 
scoliosis and restore thoracic kyphosis. whereas compression in the 
lumbar spine is used for correcting the scoliosis as well as for main
taining lumbar lordosis. The right-side rod is placed secondarily for 
additional stabilization. This sequence applies in most cases in which 
the thoracic spine has lost normal thoracic kyphosis. In patients with 
increased kyphosis. a right-side thoracic compression rod should ide
ally be placed first. 

Posterior Releases/Osteotomies. The amount of correc
tion during scoliosis surgery is not only dependent on the 
instrumentation and techniques utilized but also dependent 
on the flexibility of the spine. For many flexible AIS cases, 
the releases provided by the surgical exposure and the face-

tectomies needed for the fusion provide enough for a well
balanced and acceptable correction. Recently, more aggtessive 
posterior-based osteotomies (Ponte, Smith-Petersen, pedicle 
subtraction) are more commonly being used to increase the 
flexibility of the spine in order to maximize coronal, sagittal, 
and rotation correction (269, 270) (Fig. 17-29). These releases 
in combination with modern segmental pedicle screw instru
mentation have allowed larger and more rigid curves to be 
addressed from a posterior-only approach (257). In extreme 
cases, experienced surgeons will perform a vertebral column 
resection to obtain a desired correction (271). When utiliz
ing any of these correction techniques, proper intraoperative 
neurologic spinal cord monitoring becomes even more critical 
to minimize risk of spinal cord injury. 

Anterior Release and Fusion. There is no consensus 
about the modern indications for a combined anterior and 
posterior approach in idiopathic scoliosis. Historic recommen
dations have been for patients with large (>75 degrees) rigid 
curves {bend correction <50 degrees) and those at risk for post
fusion crankshaft deformity. As mentioned above, the use of 
aggressive posterior releases combined with segmental pedicle 
screw instrumentation has led several to question the threshold 
of what is considered a "large" curve (257). Curve flexibility is 
increased by anterior disc excision, allowing greater correction 
with posterior instrumentation. The bone graft used anteriorly 
leads to a very stable fusion (anterior and posterior). The pro
cedure involves anterior disc excision with release of the ante
rior longitudinal ligament, removal of the annulus fibrosis and 
nucleus pulposus, excision of the vertebral endplate cartilage, 
and occasionally (in severe cases) excision of the rib head at the 
costovertebral joint and posterior longitudinal ligament. 

Crankshaft deformity (134, 256, 272-274) is caused 
when anterior spinal growth continues despite successful 
posterior fusion, resulting in worsening rotational deformity 
(Fig. 17-30). The problem occurs only in skeletally imma
ture patients (Risser 0, triradiate cartilage open). Measuring 
crankshaft growth is difficult, although it has been defined 
as an increase in the Cobb angle of more than I 0 degrees, 
or an increase in apical rotation despite successful posterior 
fusion. This largely axial rotational deformity is difficult to 
measure with routine radiography. It does appear that an ante
rior fusion arrests the anterior growth center and limits the 
development of this late deformity in young patients who are 
at risk (275). 

An additional advantage of anterior release and fusion is 
the increased area for arthrodesis (vertebral endplates), pre
sumably reducing the risk of pseudarthrosis. The thoraco
scopic approach provides a means of accomplishing anterior 
disc excision and fusion with minimally invasive methods 
(276-278), thereby reducing the approach-related morbidity 
of a thoracotomy (277, 279, 280). 

Anterior Spinal Instrumentation. While posterior spinal 
instrumentation has remained the standard for treating most 
AIS curves, anterior spinal instrumentation continues to be 
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FIGURE 17-26. A: Thoracic scoliosis correction in this illustra
tion is accomplished by placing the precontoured rod into the 
scoliosis and rotating the rod 90 degrees to correct both the 
coronal and sagittal deformities. B: In this method, the spine is 
approximated to the rod, maintaining the rod in the appropriately 
contoured and aligned position. C: Either of these two methods 
allows correction of the scoliosis with restoration of thoracic 
kyphosis. 
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FIGURE 17-27. A: Translation of the thoracic apex to the corrected 
position. either by rod derotation or translation of the vertebra to a 
stationary rod. does not necessarily correct vertebral rotation. B: To 
address the rotational deformity of the apical vertebra. it is often 
desirable to use differential rod contouring between the left-side and 
the right-side rods. The left-side rod, contoured into a greater degree 
of kyphosis. provides a posteriorly directed translational force on the 
left while a slightly undercontoured sagittal alignment on the right
side rod provides an opposite direction of anterior translation reducing 
apical vertebral rotation. 

used in sdect cases. The first anterior instrumentation systems 
introduced by Dwyer (281) and then by Zielke and Berthet 
(282) were both flexible compression systems that generated 
kyphosis within the instrumented segments. This production 

of kyphosis may be desitable in the scoliotic hypokyphotic tho
racic spine, but is generally undesitable in the lumbar region. 
Subsequently, more rigid solid-rod anterior systems were devd
oped in an attempt to improve the sagittal alignment, particu
larly when treating thoracolumbar and lumbar curves. 

Scoliotic curve patterns that are amenable to corrective 
anterior instrumentation and fusion generally include those 
with a single structural deformity. The most experience with 
correcting anterior scoliosis has been gained in the treatment 
of thoracolumbar and lumbar scoliosis (283-289). Direct 
access to the venebral bodies and intervenebral discs is pos
sible through an open anterior thoracoabdominal approach. 
Anterior disc excision creates mobility (290), which enhances 
correction in the frontal and axial planes, but decreases sag
ittal plane lordosis. Special attention to the sagittal plane is 
required when anterior compression instrumentation is used 
distal to the thoracolumbar junction so as to avoid produc
tion of an iatrogenic flat-back deformity. Structural interbody 
support in the form of a structural bone graft or an interbody 
"cage" has been advocated as a means of maintaining sagit
tal alignment (288, 291). Double-rod, double-screw anterior 
systems provide additional control of the sagittal plane (284, 
292, 293) and overall construct stability (294) (Fig. 17-31). 
Traditionally, anterior instrumentation was thought to achieve 
similar or greater correction than posterior instrumentation 
for the same curve, often with fewer levels requiring instru
mentation (295, 296). Recent data, however, suggest that with 
the use of pedicle screws and posterior osteotomies, one can 
provide similar or greater correction over similar fusion levels 
as compared to anterior instrumentation methods (297). 

Instrumentation Without Fusion. Instrumentation 
without fusion, a technique utilized in young children with 
curves that progress relentlessly despite aggressive cast andl 
or brace treatment, includes a subcutaneously or subfascially 
positioned growing construct that spans the deformity (298, 

FIGURE 17-28. Use of pedicle screws offers a more powerful means of correcting axial plane vertebral rotation. Fixed-head 
pedicle screws placed segmentally can be manipulated around the concave rod to provide a means of apical derotation. 
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FIGURE 17-29. Ponte release to increase flexibility in thoracic scoliosis A: Rrst a facetectomy is performed removing the 
caudal facet from the superior vertebra exposing the articular surface. B: The spinous process including the intervening supra
spinous and interspinous ligament are removed. This exposes the ligamentum flavum, which is removed as well. C: The 
superior portion of the superior facet as well as facet capsule is removed. D: The posterior elements are no longer connected 
across the released segments, thereby increasing the flexibility across the deformity apex. 



m CHAPTER 11 I IDIOPATHIC SCOLIOSIS 

c 
FIGURE 17-30. A: This 8-year, 9-month-old girl presented with a SO-degree right thoracic scoliosis. B: She underwent an iso
lated posterior instrumentation and fusion, which reduced the deformity to 11 degrees. C: Because of continued anterior spinal 
growth, a crankshaft deformity developed with curve progression. The trunk decompensated. and increased thoracic promi
nence developed despite a successful posterior fusion. Two years postoperatively, the curve had progressed to 43 degrees. 

299). The purpose is to allow auncal. growth and lung matu
ration while attempting to control the spinal deformity. In 
"growing rods," a limited fusion is performed at the proxi
mal and distal foundation sites to seaue either pedicle screws 
or hooks to the spine. In the intervening segments, one or 
two rods are plaa:d without stripping the spine because expo
sure alone may lead to spontaneous fusion in a young child 
(this is the rationale for the concept of a "subcutaneous"' or 
'"subfascial" rod). Sequential distraccion is performed every 6 
to 12 months during growth until no further com:ction can 
be obtained (Fig. 17-32). The height gained with these pro, 
cedures is usually modest. and complications are common 
(infection, rod breakage, spontaneous fusion, and screw/hook 
pullout) (298, 300, 301). A short convex hemiepiphyseodesis 
(anterior and posterior fusion) over the apical levels was advo
cated by some, but this has not been shown to be any more 

effective than the growing rod by itself (256, 302). Another 
option for correction without fusion is the vertical expandable 
prosthetic titanium rib (VEPTR). This device attaches to the 
ribs proximally, while distally it can attach to the ribs, spine, 
or pelvis. While initially described for .. thoracic insufficiency 
syndrome," which is commonly associated with scoliosis, its 
role in idiopathic early-onset scoliosis has been expanded at 
some centers (303, 304). 

Growing rods and the VETPR allow for growth by 
repeated surgical distraction of the device. To avoid the need 
for repeated surgery, some are now using the concept of 
guiding growth. Initially described by McCarthy (305), the 
"Shilla" technique utilizes a short instrumented apical fusion 
to correct the deformity that then has rods extended to ped
icle screws placed proximally and distally. These end screws 
while fixed to bone are allowed to slide along extra long rods. 
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Ideally; as the patient grows, the screws and rods result in 
"guided growth."' In most cases of growing rods, VEPTR. 
and the Shilla technique, it is anticipated that a final defini
tive fusion will be perfonned at or near the end of skeletal 
growth. 

Another evolving technique for manipulating spinal 
growth involves anterior convex: side implants designed to 

limit growth, but without resulting in a fusion. Methods under 
investigation include the we of various staples/plates and flcci.
ble tethering elements (306-308). It is hoped that one day such 
may be applied to a modeme-sized curve and result in resolu
tion of the deformity with growth similar to the way limb align
ment is presendy manipulated with hemiepiphyseal devices. 

POSTERIOR EXPOSURE OF THE THORACIC 
AND THE LUMBAR SPINE 
Many techniques have been developed for exposure of the spine 
posteriorly. The technique illustrated here is that taught by 
John E. Hall (Figs. 17-33 to 17-41). There are mo goals to this 
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FIGURE 17-31. A: This schematic dem
onstrates the single-rod anterior construct 
used in thoracic scoliosis correction. Note 
the structural grafting of the lower two 
levels. B: This dual-rod construct is gener
ally preferred for management of thoraco
lumbar scoliosis. Structural grafting may 
also be required in this construct to aid in 
maintaining lumbar lordosis. This construct 
offers greater construct rigidity compared 
to the single-rod constructs. 

exposure: The structures that are a part of the procedure mUSt 
be seen clearly, without bits of shredded soft tissue remaining. 
and the blood loss should be minimal. This exposure, like all 
othen, is based on the anatomy of the area. The exposure fOl
lows the same principles fur exposure of the radius or the tibia: 
Muscles and ligaments are released from their attachments and 
the bone is exposed subperiosteally. When perfonncd in this 
manner, the blood loS$ for the exposure of the thotacic and the 
lumbar spine fur fusion of a double curve should not exceed 
lOOmL in the routine patient. To minimize blood loss, the 
surgeon should expose each segment completely at the outset 
and not leave soft tissue behind on the bone with a view to 

remove it later. 

Surgical Correction According to Curve Pattern. 
Idiopathic scoliosis takes on several typical and distinct curve 
patterns, the most common being a right thoracic curve. 
Classification systems were developed based on these patterns 
to assist the surgeon in selecting the appropriate curve or verte
brallevds to include in the fusion. The first significant attempt 

Text co'fllinud on pag~ 668 
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RGURE 11-32. A: This juvenile patient presented 
with progressive lumbar scoliosis. The curve pro
gressed despite attempts at bracing. B: The lateral 
radiograph demonstrates reasonable sagittal align
ment. C: This patient underwent growing dual-rod 
instrumentation with fusion perfonned only at the 
proximal and distal hook sites. D: The sagittal pro
file is maintained and the growth connectors allow 
periodic lengthening with growth. 

B 
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Posterior Exposure of the Thoracic and the Lumbar Spine (Figs.17-33 to 17-41) 

FIGURE 17-33. Posterior Exposure of the Thoracic and die Lumbar Spine. The patient is positioned on a frame 
such as the Relton-Hall frame or the Jackson table so that the abdomen is free. This reduces the pressure on the abdo
men and reduces the intraoperative blood loss (1. 2}. Care should be taken to ensure that the cephalad bolsters are not 
impinging on the axilla and that they are pressing against the lateral chest wall. The breasts should be "tucked" between 
the bolsters to minimize pressure. Likewise. it is important to be certain that the iliac crests are padded and that a good 
deal of the pressure from the bolsters is on the proximal portion of the thigh below the bolsters. The arms should not be 
hyperabducted, and the ulnar nerves should be free. It is important to check the preoperative radiograph for a cervical rib. 
Improper arm positioning in these patients may result in a C8 or T1 palsy. The entire back_ as well as the posterior pelvis, 
is in the operative field so that bone from the posterior iliac crest can be obtained for arthrodesis. 
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RGURE 17-34.. It is usually necessary to make this incision from the spinous process above the most proximal vertebra 
to be instrumented to the spinous process of the most caudal vertebra to be instrumented. The incision should be a straight 
line between these two points so that the scar lies in the midline and will be nearly straight after correction of the curve. 
If, however. the curve is severe and the correction is not anticipated to approach 30 degrees. the incision can be made in a 
curved manner following the shape of the deformity. If the fusion is to end in the region of l1 or L2, a separate incision can 
be used to obtain the iliac graft (see Figs. 17-42 to 17-48). If the l3 or lower vertebrae are to be fused. however;. it is easier 
to extend the incision to the sacrum remaining in the midline {see Fig. 17-43). After a slight cut partly through the dermis. 
the tissues can be infiltrated with a solution of adrenaline and saline (1 :500,000). This is injected into the dermis to produce 
a peau d'orangs effect. Sufficient volume should be injected (A) to swell the tissues. If desired, the same solution can be 
injected deeply. The needle follows the spinous process down to the lamina (B), and Sml of the same solution is injected 
at each level and on each side. 



RGURE 17-35. The incision is deepened down to the tips of the 
spinous processes. It is important to identify and stay in the midline 
so that muscle is not cut with consequent bleeding. The midline is 
identified by a thin line, which is actually the interspinous ligaments 
connecting the spinous processes. In severe cases of scoliosis with 
marked rotation, the muscles on the concave side are rolled up and 
over the midline, requiring that the knife (or cautery tip) be angled 
under it to reach the midline. After the apophysis of each spinous pro
cess is identified, it is split down to the bone with a knife or a cautery. 

RGURE 17-36. The exposure begins at the 
cranial end. The spinous process of the lamina 
above the one to be instrumented is exposed 
by pulling the cartilaginous tip of the spinous 
process off (A), turning the elevator with flat 
surface against the spinous process and sliding 
it down in the direction of the spinous process 
onto the lamina and the base of the transverse 
process. This is done in order to gain better 
exposure of the vertebra below. Care should 
be taken to follow the direction of the spinous 
process to avoid entering muscle and also to 
prevent unnecessary bleeding. This procedure 
is then performed on the vertebra below so 
that the spinous process. the lamina. and the 
base of the transverse process of that vertebra 
are stripped of periosteum. These structures, 
however;. are obscured by the muscle tissue 
on top of the elevator. The attachment of this 
muscle (B) to the caudal edge of the more 
superior lamina {the first one exposed} is not 
obvious. Using a knife (or a cautery tip}, these 
attachments are divided from the bone. The 
cut starts laterally or medially, but it should 
go from the tip of the spinous process to the 
lateral edge of the facet joint (dotted line). 
Division ofthese attachments is aided by plac
ing the tissue under tension with the elevator. 
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FIGURE 17-37. After the cut has been completed and the loose fatty tissue cleared from between the spinous processes, 
the elevator is placed in the cut that was made over the facet joint (A). From here, the elevator is drawn up the cephalad 
aspect of the transverse process (B). This should clear all of the tissue from the facet. The remainder of the transverse 
process is cleared to its tip. The very tip of the transverse process is obscured by the ligamentous attachment to the rib and, 
in most circumstances, can be left undisturbed provided that sufficient bone is exposed. 
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RGURE 17-38. Before repeating these steps on the next verte
bra, it is important to expose carefully the caudal edge of the verte
bra just cleaned. This is accomplished by starting on the transverse 
process. With a small twisting motion of the &lsvator, the perios
t!KITl is cleared until the rounded edge of the bone can be seen. 
This is of particular importance in the region of the facet If this is 
not accomplished, it will not be possible to view the facet clearly to 
cut the capsule, and the result will be shreds of soft tissue remain
ing on the bone. If a curette is used to remove the soft tissue from 
the facet joints. it should be used in a lateral-to-medial direction to 
avoid inadvertent penetration of the ligamentum flavum and pos
sible spinal cord injury. 

RGURE 17-39. In the lumbar spine the anatomy is different. and 
therefore. the technique is different. In the lumbar spine the spinous 
processes are farther apart. The space between these processes is filled 
with a thick ligament that cannot be divided as easily as in the thoracic 
spine. Using the elevator to place the tissues under tension, this liga
ment is divided by cutting between the two spinous processes (A). This 
cut should extend down to the lamina. With a little care, it is not difficult 
to avoid entering the spinal canal. Although the anatomy appears differ
ent in this region, the principles are the same. Because the ligamentous 
attachments are on the caudal edge of the more cephalad lamina (B). 
they are divided sharply as the elevator applies tension and continues 
the subperiosteal dissection of the lamina. This brings the dissection to 
the capsule of the facet joint. 

B A 
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RGURE 17-40. The easiest way to expose the facet joint is to 
follow the lamina out to the point where there is no more bone. 
Proceeding in a cranial direction from here is the inferior articular 
process, which in t11n leads to th9 inferior facet. Wnh 1he inferior 
articular process and 1he capsula of 1he facet exposed, a knife or an 
electrocautery is used to divide the capsule, starting on the inferior 
articular process and going in a cranial direction across the facet 
capsule !dotted line). At this point, the elevator can easily clean the 
capsule from both sides of the facet. 
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AGURE 17-41. The transverse process is usually found just cau
dal to the level of the facet. By coming off dle side of the inferior 
facet with dle elevator; staying in contact widl bone. the dissec
tion follows onto the transverse process. Care should be taken with 
dle elevator to pull laterally and upward to expose the transverse 
process. After dle transverse processes are exposed, a laparotomy 
sponge is packed into this area lateral to dle fecet joints and over 
dle spinous pn:JCeSSeS. This not only tamporl8((e$ venous bleeding 
but also stretclles the tissues, making exposure and decortication 
easier when the suryaon returns to the area. 
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RGURE 17-42. The features of the King-Moe clas
sification.(From King HA. Moe JH, Bradford OS, et al. 
The selection of fusion levels in thoracic idiopathic 
scoliosis. J Bone Joint Surg Am 1983;65:1302-1313, 
with pennission.) 
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to classify AIS was developed by Moe and reported by King 
et al. (King-Moe classification) (Fig. 17-42) (248). Based on 
coronal radiographs, it was designed primarily to decide when 
to instrument the thoracic curve alone (in patients with appar~ 
ent double auves) and when to instrument both the thoracic 
and the lwnbar Cll.1'VeS. Despite its routine use, the system was 
not designed as a compreb.ensive classification of idiopathic 
scoliosis curve patterns. 

Primary lumbar and thoracolumbar cwves, and also triple 
curves, were not included in the King-Moe classification. 
Others have designed. classification systems that are more com-

Type I 
Double thoracic and lumbar curves 
Thoracic and lumbar prominences clinically 
Both curves cross the midline 
Lumbar curve may be larger than the thoracic 

curve 
Both curves are structural with nearly equal 

flexibility on supine sidle-bending examination 
True double-major curve, both require fusion 

Type II 
Thoracic and lumbar curves 
Minimal lumbar prominence clinically 
Both curves cross the midline 
Lumbar curve is more flexible on supine side· 

bending examination 
False double-major pattern allowing selective 

fusion of the thoracic curve 

Type Ill 
Thoracic -curve 
Minimal or no decomiPensation 
Lumbar curve does not cross 1he mrdline 

Type IV 
Long thoracic curve 
Marked d'ecompensation 
Curve reaches the midline at L4, which tilts 

into the curve 

TypeV 
Double thoracic curve 
Positive ti lt of T1 with prominent left neckline 
High left and right thoracic prominences 

clinically 
Upper left curve structural on supine side-bending 

examination 

prehensive (95, 309). The system proposed by Lenke et al. con
siders both frontal and sagittal plane deformity and is designed 
to guide surgical m:atment decision making for all cum: pat~ 
n:rns. This classification system is a triad system including a 
description of the cum: type (l-6),lumbar cum: size (A.B,C), 
and sagittal plane alignment (hyperkyphotic, normal, hypoky
photic) (Fig. 17-43). The perceived utility of the Lenke et al. 
system was its comprehensive, biplanar nature and, most impor
tantly, its ability to suggest regions of the spine that theoreti
cally require fusion. Specific criteria for establishing "strUCtU.ral"' 
minor curves were set forth. Although not perfect in predicting 
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Lumbar spine modifier (A. B. or C) 

CSVL CSVL CSVL 
between 
pedicles 

between medial pedicle 
wall and lateral vertebra 

medial to 
entire vertebra 

FIGURE 17-43. The Lenke classification. This comprehensive classification system for scoliosis is a triad system that 
involves curve-type, lumbar spine modifier, and thoracic sagittal modifier. 

which curves experienced surgeons will choose to instrument, 
the classification system correlated approximately 85% of the 
time with what was actually done by surgeons (310, 311). 

Right Thoracic Curve Pattern (Lenke 1; King II, IIU. 
The right thoracic curve is the most common idiopathic 
scoliosis curve pattern, occurring in roughly one-half of 
operative cases. While the fusion can be performed through 
either an anterior or a posterior approach, a posterior-based 
instrumentation and fusion is more common. The extent of 
fusion is generally limited to the thoracic curve, although 
the lowest-instrumented vertebra is chosen largely on the 
basis of the features of the lumbar deformity. The Lenke 1A 
curves has the least apically translated lumbar curves and is 
routinely instrumented distally to 1 (or 2) level(s) proximal 
to the stable vertebra (vertebra bisected by the CSVL) when 
treated posteriorly, and to the lower end Cobb vertebra when 
instrumented anteriorly (Fig. 17 -44). Recently, two distinct 
Lenke 1A curve patterns were identified based on the direc
tion of L4 tilt (Fig. 17-45) (312). Lenke 1A-L curves (i.e., 
L4 tilts to the left) appear to be behave like smaller versions 
of lB curves with similar fusion-level selection, while 1A-R 
curves where L4 tilts to the right appear more like King IV 
curves. The 1A-R curves require a more distal fusion than 
1A-L/1B curves to maintain balance and avoid "adding on" of 
the curve distally. The 1 B curve pattern is amenable to either 
approach (anterior or posterior), with the lower instrumented 
vertebra being usually the stable vertebra between the tho
racic and lumbar curves (Fig. 17 -46). Lenke 1 C curves pres
ent with a substantial lumbar curve, with the lumbar apical 
vertebra completely deviated lateral ro the CSVL. The surgi-

cal treatment approach in this type of curve in the King-Moe 
classification (type II) has been associated with substantial 
controversy regarding the appropriateness of sparing lumbar 
motion with an isolated (selective) thoracic fusion. In most 
cases of Lenke 1 C curves, a selective thoracic fusion can be 
performed while maintaining frontal plane balance. The 
larger the thoracic deformity (Cobb angle, apical transla
tion, rotation) compared to the lumbar curve, the more likely 
the success of selective thoracic instrumentation (313-316) 
(Fig. 17 -47). However, the clinical appearance of the patient 
should also be a determinant. A dominant lumbar rotational 
prominence, even if highly flexible, likely requires inclusion 
in the fusion (Fig. 17 -48). In large lumbar curves, vigorous 
selective correction of the thoracic curve with a posterior 
instrumentation system may result in postoperative truncal 
decompensation to the left (317, 318). If selective fusion is 
decided upon in such patients, it has been recommended to 
balance the correction of the thoracic curve with the antici
pated spontaneous lumbar curve correction to minimize the 
chance of residual trunk imbalance (313). If selective fusion 
is chosen, the procedure can be performed through either 
an anterior or a posterior approach (319). When decid
ing to perform a selective thoracic fusion, it is important to 
evaluate the lateral x-ray as well. If a "junctional kyphosis" is 
noted between the two curves, then consideration should be 
given to extending the fusion distal to this kyphosis, thereby 
incorporating the lumbar curve into the surgical treatment 
(Fig. 17-49). 

Double Thoracic Curve Pattern (Lenke 2; King V). The 
double thoracic curve pattern consists of two structural 
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FIGURE 17-44. A: The PA radiograph demonstrates a Lenke 1A curve. B: Lateral radiograph 
demonstrates hypokyphosis. C, D: Posterior instrumentation was performed, stopping distally 
at l1, which is the vertebra substantially touched by the CSVL. 
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FIGURE 17-45. Two distinct patterns for the Lenke 1A curve have bean identified A: In the Lenke1A-l curve, l4 tilts to the 
left. This curve behaves like a smaller Lenke1 B. B: In the Lenke1A-R, L4 tilts to the right. This curve behaves more like a King 
IV curve. 

thoracic curves (right main thoracic and left upper thoracic) 
and is usually recognized clinically by the presence of an de
vated left shoulder. An isolated right thoracic curve is typi
cally associated with an elevated right shoulder. A left upper 
thoracic curve that results in left shoulder dew.tion and/or is 
relatively rigid (remains >20 to 25 degrees on side--bending 
film) genetally requires instrumentation that includes the 
curve typically beginning proximally atT2 (320) (Fig. 17-50). 
If the double pattern is not recognized and the right thoracic 
curve alone is sttaightened. the left shoulder elevation is often 
worse following the surgery (321-324). Other radiographic 
measures such as the tilt ofT1 and the clavicular angle have 
also been used to determine whether the proximal thoracic 
curve should be instrumented (321). Ultimately, the ability to 
control the postoperative balance of the shoulders is not abso
lute and is dependent not only on the level selected but also on 
the amounts of main thoracic and upper thor.tcic curve cor
rection obtained. With greater degrees of main thoracic curve 

correction, inclusion of part or all of the upper thoracic curve 
(irrespective of side bending to <25 degrees) is often performed 
to achieve/maintain shoulder balance. The sagittal alignment 
of the upper thoracic region also requires careful assessment. 
This is an area that (as in the thoracolumbar spine) may also 
be found to be hyperkyphotic. If this region just proximal to 

the thoracic curve is locally kyphotic (>20 degrees, T2-T5), 
the instrumentation should extend proximally to cover this 
atea in an attempt to avoid aggravating a proximal junctional 
kyphosis (PKJ) (Fig. 17-51). 

Right Thoracic. Left Lumbar Curve Pattern (Lenke 3. 
6; King 1.11). The lumbar curve (usually convex to the left) 
that often presents in association with a right thoracic curve 
may vary substantially in both magnitude (Cobb angle) and 
severity of rotation. Either the thoracic or lumbar curve may 
dominate such a double-major curve pattern, although the 
thoracic curve is more often the primary one. In deciding on 
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FIGURE 17-46. A: This PA radiograph demonstrates a Lenke 1 B curve. The lum
bar curve corrected to 22 degrees on side bending. B. The lateral demonstrates no 
junctional kyphosis between the thoracic and the lumbar curve. C,D: Postoperative 
radiographs demonstrate a posterior instrumented fusion from T3 to L 1. 
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RGURE 17-47. A: This Lenke 1 C curve demonstrates a lumbar 
curve that corrects to just <12 degrees on side bend. The lum
bar curve flexibility and differences in apical translation makes 
a selective thoracic fusion the optimal treatmem choice. B: The 
lateral demonstrates no junctional kyphosis. C,D: Postoperative 
radiographs demonsttate a posterior instrumemed fusion from T4 
to T12. 
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FIGURE 17-48. A: This PA radiograph demonstrates relatively well-balanced right thoracic and left lumbar curves. The tho
racic curve measures slightly larger, and the lumbar curve on side bending corrects to 20 degrees. This classifies as a Lenke 
1 C curve. B: The clinical appearance of this patient demonstrates nearly equal deformity of the thoracic and lumbar regions. 
C: On forward bending, however, the lumbar prominence {ATR: 19 degrees! was larger than the thoracic prominence (ATR: 
9 degrees), confirming the greater rotational deformity present in the lumbar spine. D: Based largely on the greater lumbar 
rotation, this patient was not felt to be a candidate for selective thoracic fusion and underwent instrumentation of both tho
racic and lumbar curves. 
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FIGURE 17-49. A: This PA radiograph demonstrates a Lenke 1 C deformity. B: The lateral 
radiograph, however. demonstrates hyperkyphosis, making this a 1 B+ curve pattern. In addition. 
the patient had 26 degrees of junctional kyphosis between the thoracic and lumbar curve. C,D: 
Because of the substantial kyphosis associated with this deformity, the posterior instrumentation 
was extended proximally and distally to control the sagittal defonnity in addition to the coronal 
deformity. 
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FIGURE 17-50. A:. PA view of double thoracic scoliosis (Lenke 28). B: On side bending, the upper demonstrates no significant 
change. In many cases, this apparent lack of flexibility is because ofthe patients desire to keep the head upright as seen in this 
radiograph. C: Because of the rigidity of the upper thoracic curve, both the upper thoracic and main thoracic curves underwent 
instrumented fusion. Even with instrumentation of the upper thoracic curve, the patient still had residual elevation of the left 
shoulder postoperatively. 

surgical treatment, one must determine which of the curves 
requires instrumentation and fusion (thoracic, lumbar, or 
both). In a Lenke 3 curve (both curves "structural"), the 
thoracic curve is larger and/or more rigid than the lumbar 
curve. Generally, both curves are instrumented; however, 
similar to a Lenke 1 C curve, selective fusion of only the 
thoracic curve can be considered for occasional Lenke 3C 
curves where the thoracic curve is substantially larger and 
the lumbar deformity relatively mild (248, 314). In most 
cases of Lenke 3C curves, howevu, the lumbar curve is large 
enough to require fusion in order to achieve a wdl·halanced 
spine after correction. In Lenke 6 curves, the lumbar curve 
is by definition dominant and always should be included in 
the fusion. 

When instrumentation of both the thoracic and lumbar 
curves is required, the approach is posterior, and the distal 
extent is usually to the L3 or U leveL Ideally, the distal extent 
of the fusion should be as proximal as possible in order to 

preserve lumbar motion segments, yet long enough to avoid 
aeacing trunk imbalance. Choosing between L3 and L4 can 
be difficult. The most p.n:dictable spinal balance occurs when 
the fusion/instrumentation extends distally to the stable ver· 
tebra (the vertebra best bisected by the CSVL). In a patient 
with a large lumbar curve, this may be U or even 15. Fusion 
to a level proximal to the stable verteb.m, such as 13, may be 

considered if there is minimal axial rotation ofL3 as noted on 
the side-bend film to the left for a left lumbar curve, and ifl3 
becomes parallel to the pelvis with side bending to the right. 
Others may consider choosing the lower end of the instru
mentation as the end Cobb vertebra (the caudal vertebra that 
results in the largest Cobb angle). lbis is less obvious when 
both L3 and U are parallel to each other on the standing coro
nal radiograph. Again, the surgical goal is to achieve improved 
spinal alignment with global truncal balance with both C7 and 
the trunk wd.l centered over the pelvis in both the sagittal and 
the coronal planes (Fig. 17·52). 

Lumbar or Thoracolumbar Curve Pattern (Lenke 5C). 
A primary lumbar or thoracolumbar curve pattern does not 
have a significant thoracic component and may be convex to 

the left or right (the left being the more common). In such 
cases, isolated fusion of a lumbar or thoracolumbar curve 
is appropriate and can be accomplished by either ann:rior 
or posterior methods. Correction with posterior hook con
structs has not been as successful as anterior instrumentation 
in achieving derotation of the lwnbar curve. Limited anterior 
instrumentation of the apical three or four vertebrae has been 
proposed by Bernstein and Hall (295) with satisfactory early 
outcomes in most patients. Longer anterior constructs (325) 
that include all the measured Cobb angle levels, some with 
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RGURE 17-51. A.B: These radiographs demonstrate right thoracic, left lumbar scoliosis with 
substantial upper thoracic kyphosis. C,D: In this case, the instrumentation was extended proxi
mally to correct the kyphotic aspect of the deformity. 
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FIGURE 17~. A,B: This double-major scoliosis has Lenke 6C curve pattern. Note the junctional kyphosis between the tho
racic and the lumbar curve C: Due to the magnitude of the curve, a supine traction film was obtained that demonstrated similar 
flexibility between the thoracic curve and the lumbar curve. 64 and 65 degrees, respectively. D,E: On the basis of the structural 
features of the right thoracic and left lumbar curves. instrumented correction was performed from T2 to l3. 



the use of bone graft or a structural cage in the disc space 
(288, 326), have traditionally been done in the treatment of 
these curves (Fig. 17-53). Pedicle screw fixation has allowed 
better control and correction of these curves when corrected 
with posterior instrumentation (270). Segmental pedicle screw 
fixation in combination with wide posterior facet excision has 
become popular with reportedly greater correction and shorter 
hospital stays than those associated with anterior methods 
(297} (Fig. 17-54). 

Triple Curve Pattern (Lenke 4). The Lenke 4 or triple 
curve pattern includes curves in all three locations: left upper 
thoracic, right thoracic, and left lumbar/thoracolumbar and is 
the least common curve type. Determination of the proximal 
extent of the fusion is similar to Lenke 2 or double thoracic 
curve. The desired effect on the postoperative shoulder bal
ance should guide the decision to fuse the proximal curve. The 
caudal fusion level requires the same analysis needed for Lenke 
3 and 6 curve patterns. First it is important to evaluate if the 
lumbar curve needs to be fused-generally it does. If so, then 
the appropriate lower end vertebra (L3 or L4) for fusion needs 
to be determined. 

OUTCOMES OF SURGICAL TREATMENT 

Given that the methods used for surgical correction of AIS 
[Harrington instrumentation in the 1960s, Cotrd-Dubousset 
(CD) instrumentation in the 1980s] are fairly recent, very 
long-term outcome data are not yet available. Spinal instru
mentation techniques continue to undergo modification and 
improvement almost faster than outcome studies can be per
formed. The SRS has developed an outcome assessment sys
tem that attempts to more precisely evaluate the functional 
outcomes in patients with scoliosis (327-329). Recently, a 
questionnaire was also developed to measure patients' percep
tions of their clinical deformity associated with their scoliosis. 

Outcome After Posterior Surgery. The longest fol
low-up data are available for patients treated with Harrington 
instrumentation and fusion. An average coronal plane improve
ment of the Cobb angle by 14% to 48% has been reported 
(266, 330). The analysis of long-term functioning after long 
posterior fusions has focused on the incidence of late-onset 
low back pain. Conflicting results have been reported regard
ing the prevalence of pain and the correlation of pain with the 
caudal level of instrumentation. Cochran et al. (331) noted an 
increased frequency of pain in patients fused at L4 or L5 com
pared to those fused at L3 or above, but several other studies 
have not been able to correlate the levels of fusion with subse
quent back pain (189, 332-335). 

Despite conflicting results regarding the increased poten
tial for low back pain with more caudal levels of instrumenta
tion and fusion, it seems intuitive that one should minimize 
the caudal extent of a fusion. Winter et al. (336) demonstrated 
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a significant loss of global spinal motion when arthrodeses 
included L4 compared to arthrodeses fused only inferiorly to 
upper- or midlumbar levels. Fusion to more caudal levels has 
also been associated with higher rates of radiographically visible 
degenerative changes in the unfused distal levels (332, 337, 338). 
A recent prospective study demonstrated increasing motion at 
L4/L5 the more caudal a fusion extended into the lumbar spine 
(339). It is possible this increased motion may ultimately lead to 
increase wear and risk degeneration at this level. 

Another concern with the use of Harrington rods that 
extended into the lumbar spine was the loss of lumbar lor
dosis associated with distraction instrumentation. Known as 
flat-back syndrome, the resulting positive sagittal balance has 
been shown to be quite disabling as patients lose their abil
ity to compensate by hyperextension through the remaining 
discs and hips with age (245, 333, 340, 341). The relation 
of alignment and degenerative changes to the development of 
low back pain requires additional follow-up and analysis (342). 

The early (318, 343) and the midterm (239) (5- to 
15-year follow-up) results of CD instrumentation (multihook 
system) suggest improved coronal and sagittal plane correc
tion, compared to Harrington instrumentation (344). An 
average coronal correction of 41% to 61% can be expected 
(256, 330, 345). Despite the early expectation that systems 
such as the CD type would substantially derotate the spine, 
little improvement in vertebral rotation deformity has been 
seen (266, 267, 346--348). Requirements for postoperative 
immobilization in a brace or cast significantly decreased as 
compared to Harrington instrumentation. Additionally, 
pseudarthrosis rates and loss of correction have been reduced 
with multisegmental systems (239, 256, 266, 344). However, 
early in the experience with CD instrumentation, truncal 
decompensation to the left was commonly noted in King 
type II curves when selective thoracic fusion was performed 
(237, 315, 318, 349). Several techniques have been suggested 
to avoid this difficulty including avoidance of thoracic curve 
overcorrection, proper fusion-level selection, and selective 
placement ofhooks (314, 316, 317). 

Asher et al. (237) reported the results after an average 
follow-up of 5 years of a consecutive series of 185 patients 
with idiopathic scoliosis treated with Isola instrumentation. 
Correction of the largest curve averaged 65% while rib hump 
rotation decreased 39%. These results are generally better than 
those reported with original CD constructs. Features of the 
Isola construct that likely contributed to these improved radio
graphic outcomes are the segmental fixation, particularly in 
the apical segments. Other hybrid systems with largely seg
mental fixation have resulted in comparable degrees of defor
mity correction (350). 

The use of pedicle screw fixation rather than hooks has 
led to improved degrees of correction. This was first demon
strated with the application of screw fixation in lumbar sco
liosis that was a component of a double-major curve (255, 
350). Dislodgement of distal hooks with consequent loss of 
correction, although not common, does occur with some 
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FIGURE 17-&. A.B: PA and lateral radiographs demonstrate a Lenke 5C 
thoracolumbar scoliosis. C,D: This deformity was addressed by double ante
rior rod correction through a thoracoabdominal approach. lnterbody structural 
suppon consisted of cages to prevent loss of lumbar lordosis. 
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FIGURE 17·54. A,B: PA and lateral radiographs demonstrate a Lenke 5C thoracolumbar 
scoliosis. C,D: Postoperative radiographs demonstrate improved coronal balance follow
ing segmental pedicle screw fixation in combination with wide posterior facet excision or 
releases. 
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FIGURE 17-55. A: laminar hook fixation is common in the lower constructs for thoracic and lumbar curves. B: They can, 
however, on rare oct8sion, dislodge with fracture of the lamina. Pedicle screw fixation offers a medtod of salvaging such 
a situation and of reducing dte incidence of such failure to begin widt. 

frequency (255) (Fig. 17-55). Similar loss of distal fixation is 
much less common when pedicle screws are utilized. 

The placement of pedicle screws throughout the thotacic 
and the lwnbar spine has become routine throughout North 
.America. In 1995 Suk. et al. (350) .reported gteater correction 
of thoracic deformity with segmental pedicle screws than with 
hooks, and other surgeons have also adopted this approach with 
similar outcomes (250, 255, 260, 351, 352). In these reports, 
the percentage coronal correction with thoracic hook constrUCtS 
ranged from 50% to 55% compared to the results with screw 
fucuion that approached or excei!:ded 70% correction. 

In addition to improved coronal correction, greater ttans
verse plane (rib hump) correction has been demonsttated 
especially when used in conjunction with vertebtal body dero, 
tation teclmiques (268). For many, this has reduced the need 
for thoracoplasty and its associated morbidity on pulmonary 
function. Others continue to perform thoracoplasty to maxi, 
mize rib hump correction and suggest minimal effects on clini, 
cal pulmonary function (353). 

Maximizing the correction of the scoliotic curve is one of 
the goals of surgical trea.tment, but this must not compromise 
the additional goals of surgery: preventing progression, attain, 
ing coronal and sagittal balance, and maximizing .residual 
spinal flexibility (354). Coronal decompensation after surgi
cal correction has been described by nwnerous authors in and 
has been attributed to a variety of causes including overcorrec, 
cion of the thotacic curve (355, 356). In fact, the impressive 

outcomes of segmental thoracic pedicle screw correction have 
led Suk et al. (357) to suggest expanding the fusion into the 
proximal thotacic spine (up to T2) in many patients so as to 

avoid shoulder imbalance (devation of the left shoulder) post· 
operativdy. 

In the sagittal plane, recent swdies have suggested that 
high correction with pedicle screw instrumentation results 
in decreased thoracic kyphosis and thereby risk decreasing 
lordosis in the uninsuumented lumbar spine (250, 351, 
358). The cause for this lost kyphosis is believed to be the 
improved coronal and axial correction as discussed above. All 
discussed in the etiology section, the typical main thoracic 
curve is hypokyphotic from the relative overgrowth of the 
anterior column that is responsible for the curve devl:lop· 
ment. G.reater cor.rection would rerum this increased length 
anteriorly. Without increasing length posteriorly, this would 
lordose the spinal column. Currendy, teclullques to allow 
lengthening of the posterior column during deformity cor· 
rection are being investigated to allow maximal correction in 
all three planes. 

Outcome After Anterior Surgery. Until recendy. 
anterior correction of scoliosis had been the primary method 
used for the t.reatment of lumbar and thoracolumbar scolio
sis. The percentage of frontal plane correction with Dwyer, 
Zielke, Texas Scottish Rite Hospital (TSRH), or Kaneda 
inst:tumentation has been reported as being between 67% and 



98% (283, 285, 287-289, 295, 359). Similar to other tech
niques, there was a learning process in how to best utilize the 
instrumentation. Fusion and correction required performing 
a disc excision followed by anterior compression. This has the 
potential to reduce sagittal plane lumbar lordosis, which in 
most cases is undesirable (360, 361). Sweet et al. (288) have 
reponed that sagittal alignment in the lumbar spine can be 
maintained if interbody structural suppon is added blocking 
open the disc space antetiorly. Another concern with ante
rior instrumentation was the higher rate of pseudanhrosis 
with eventual rod breakage and loss of correction compared 
to posterior methods. This was thought to be secondary to 
the use of a single fixation rod. Many surgeons recommended 
their patients wear a brace postoperatively. The subsequent 
development and the introduction of two-rod anterior sys
tems provided more rigid fixation and resulted in decreased 
pseudarthrosis rates while maintaining high degrees of correc
tion in both the sagittal and coronal planes (292, 325, 362, 
363) (Fig. 17-56). A recent study demonstrated good long
term results at an average ofl6 years following anterior fusion 
for either a thoracolumbar or lumbar idiopathic curve (364). 
Interestingly, most patients did have radiographic evidence of 
early degenerative changes. 

The use of an anterior approach to the thoracic spine has 
also seen a significant decline in popularity. When compared 
with multisegmental posterior hook systems, open anterior 
instrumentation and fusion demonstrated similar coronal cor
rection with improved sagittal profile across less fusion segments 
(average of 2.5 vettebrae less). The single-rod anterior systems 
Wete associated with a greatet incidence of rod breakage. It was 

also suggested that anterior instrumentation should not be used 
in hyperkyphotic spines because of their tendency to increase 
kyphosis (296). A subsequent papet also reponed a greater spon
taneous improvement of the uninstrumented portion of the 
lumbar spine (293). Recently, the 5-year follow-up on patients 
that had open instrumented anterior fusion was published. The 
study demonstrated approximately 50% correction in both the 
instrumented thoracic spine and the uninstrumented lumbar 
spine as well as 9-<legree improvement (increase) in thoracic 
kyphosis. The main downside was the lasting reduction in pul
monary function tests (specifically, FEVl) even after 5 years. 
The decrease in pulmonary function following open thoracic 
spine surgery compared with posterior surgery is one of the rea
sons for the decline in this approach (365, 366). 

The thoracoscopic-instrumented anterior approach has 
many of the advantages of the open approach without the 
significant impact to the chest wall and pulmonary function. 
While compared to a posterior approach, the thoracoscopic 
procedure demonstrated a minor decline in pulmonary func
tion, it was not as significant and lasting as an open anterior 
approach (366-368). The main advantages of this procedure 
are the minimal muscle dissection and the appearance of the 
scar compared with eithet an open anterior or a posterior 
approach (369). A 5-year follow-up study on patients treated 
with thoracoscopic-instrumented anterior fusion demonstrated 
results similar to open antetior with a 50% curve correction 
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(240). The concern reponed by the authors was the risk of rod 
breakage and pseudoarthrosis. Another drawback to the pro
cedure was the learning curve needed to master the technique 
(370). Given these limitations and the powerful corrections 
obtained with modern posterior segmental instrumentation, a 
decline in the use of the anterior approach, both open and tho
racoscopic, for moderately sized thoracic and thoracolumbar/ 
lumbar curves has occurred ovet the past decade. 

COMPLICATIONS 
The complications of scoliosis surgery can be serious, although 
ovet the last 20 to 30 years these procedures have become much 
safer. The remarkable corrective power of the new instrumen
tation methods, coupled with bettet surgical skills, spinal cord 
monitoring, methods to minimize blood loss, and advances in 
anesthesia, has altered the way one advises patients regarding 
possible complications following scoliosis surgery. 

Neurologic Deficits. A postoperative neurologic deficit 
is one of the most feared complications that can occur dur
ing idiopathic scoliosis surgery. The majority of literature on 
neurologic injury present pooled data of patients with many 
underlying diagnoses and repon an incidence between 0.3% 
and 1.4% (371-374). The most recent data from the SRS were 
published in 2006, which reponed 31 neurologic injuries in 
just ovet 6000 patients with idiopathic scoliosis (372). None 
of the cases had a complete injury and full recovery was docu
mented in 61% of patients. 

The etiology of spinal cord dysfunction can be classified as 
a result of direct trauma (contusion) to the cord by misplaced 
implants, excessive traction to the neural dements caused by 
scoliosis correction, and vascular insufficiency to the cord. The 
blood supply to the spinal cord is segmental and enters through 
the neural foramina. There has been some controversy as to the 
risk of vascular insufficiency to the cord associated with ligation 
of the anterior segmental blood vessels in anterior spine surgery. 
Winter et al. (375) reponed 1197 cases in which segmental 
vessels were divided with no neurologic sequelae noted. There 
have, however, been othet reports suggesting a possible vascular 
cause of spinal cord dysfunction postoperatively after segmental 
vessel ligation. Those at greatest risk appear to be patients with 
congenital malformations and hyperkyphosis (376, 377). If an 
anterior procedure requires division of the segmental vessels, 
they should be ligated in the midvettebral body area rather 
than near the neural foramen. In high-risk cases (congenital, 
kyphosis, revision surgety) temporary damping of the vessels 
with concomitant spinal cord monitoring has been suggested 
by some as a means of detecting a potentially critical source of 
spinal cord blood supply (376). 

Induced hypotension is a well-accepted approach to mini
mize operative blood loss in surgery for scoliosis; howevet, 
the mean anetial pressure must be maintained at a safe level 
in order to ensure adequate blood flow to the spinal cord. In 
extremely complex corrections (kyphosis, osteotomies, revision 
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FIGURE 17-56. A,B: This demonstrates a typical left thoracolumbar scoliosis. C,D: In cases 
with a dual-rod interior construct, we utilize two screws in each venebra with a two-hole ver
tebral staple that provides excellem postoperative stability. lnterbody support is utilized to 
maintain lumbar lordosis while compression between the screws is performed to correct the 
scoliosis. No bracing is required following such instrumentation. 
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surgery) where the risk for cord ischemia is greater, the sur
geon may dect to keep the blood pressure higher, even though 
blood loss will be greater, to ensU£e cord perfusion (378). 

Spinal Cord Monitoring. The wake-up test described by 
Stagnara (91) was the first widely used method for monitoring 
spinal cord function after deformity correction. This technique 
includes decreasing the level of anesthesia intraoperatively to a 
level that allows the patient to follow commands. The patient 
is instructed to m~ his or her feet/toes, confuming the com· 
petency of the spinal cord motor ttacts (379). 

Continuous elea:rical spinal cord monitoring has 
become almost standard in surgical correction of spine defor
mity. Currendy; options for spinal cord monitoring include 
somatosensory-evoked potentials (SSEPs), tra.nsc.ranial 
motor-evoked potentials (TcMEPs), and H-reflexes. SSEPs 
are obtained by stimulating distally (legs) and measuring the 
response proximally (brain), and have been considered reli
able in detecting changes in spinal cord function (380). The 
concern with SSEPs has been the lag time that can occur 
between the insult to the spinal cord and the resulting signal 
changes. Changes in motor pathway monitoring or TcMEPs 
have been shown to be more sensitive to spinal cord dysfunc;. 
cion especially vascular insults. These changes are also detected 
earlier than SSEPs allowing for a more rapid intervention 
(381). Because Tc.MEPs requires higher stimulating voltage 
to the brain, there had been some concern about their use 
in patients at risk of having a seizure. Triggered electromyo
graphic (EMG) monitoring is also used to assess placement of 

FIGURE 17~7. This pedicle screw was misdirected, reaching the 
medial aspect of the spinal canal. While there were no neurologic def
icits associated with this, triggered EMG monitoring, if dona, would 
have most likely demonstrated a threshold below 6 rnA. 
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pedicle screws (382). While absolute thresholds have not been 
established. thresholds below 6 rnA have been associated with 
a higher incidence of medial breach (Fig. 17-57). In general, 
the greater the number, the less likely the screw is in contact 
with neural elements. This method is less reliable in detecting 
lateral screw misplacement. 

Additional &ctors have been found to affect the quality 
and presence of spinal cord monitoring responses, resulting in 
false-positive indications of spinal cord deficit. These include 
hypotension, hypothermia. dislodgment of the monitoring 
leads, and other technical malfunctions in the system. When 
critical neuromonitoring changes are noted, these potential 
causes should be sought and corrected. If the monitoring 
abnormalities persist, any corrective maneuvers performed 
should be undone and a wake-up test conducted to accivdy 
assess the neurologic status (378). If the spine remains stable, 
complete removal of the implants should be considered as soon 
as a deficit is confirmed. Concomitandy, the patient's mean 
arterial blood pressure should be maintained at 80 mm Hg, 
and adequate blood volume should be given to maximize oxy
gen delivery to the spinal cord. Institution of the methylpred· 
nisolone steroid spinal cord injury protocol (383) may also 
be considered, although the efficacy in this specific group of 
patients with spinal cord injury has not been carefully studied. 

Blood Loss, Transfusion. Scoliosis surgery may be 
associated with blood loss requiring transfusion. This requires 
appropriate anticipation by the surgeon based on the type of 
defonnity and the extent of the planned surgery. Preoperative 
autologous donation may be the most reliable way to avoid 
exposure to allogenic blood products, although this is not 

possible in all patients (reasons include small size of patient, 
psyc::hological stress of donating, long distance to the blood 
bank, preoperative anemia, congenital heart disease, expense). 
Intraoperative red blood cell salvage systems or cell savers 
are commonly used in scoliosis surgery and, depending on 
the spKific case, have been shown to decrease the need for 
allogenic blood transfusions (384). Antifibrinolytic agents 
given at the time of surgery that enhance clotting are also 
becoming more popular. Aminocaproic acid, trane:xamic acid, 
and aprotinin have all demonstrated reduced blood loss and 
the amount of blood transfused for scoliosis surgery (385). 
Recendy, the use of aprotinin was suspended in the US ~r 
safety concerns generated in adult cardiac patients. Other 
alternatives to minimize allogenic blood exposure include 
preoperative erythropoietin administration (386), intraopera
tive hemodilution (387), and controlled hypotensive anesthe
sia (388). Cwrendy; these methods are less commonly used 
because of their effects on neuromonitoring except in cases 
where a patient's belief may prevent the ability to give blood 
transfusions (389). 

Early Postoperative Complications. Complications 
in the early postoperative period include respiratory compro
mise, wound infection, and delayed·onset neurologic deficit. 
The incidence of respiratory complications in idiopathic 
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scoliosis is approximately I%, whereas wound complica
tions (infections and seromas/hematomas) occur in approxi
mately 2% of cases (390). These rates are affected by the 
type of procedure performed with anterior procedures hav
ing greater respiratory problems and posterior procedures 
more commonly having wound concerns. Independent of 
the approach used, blood loss, anesthesia time, and a his
tory of renal disease also significantly increase the rate of 
complications (390). 

Delayed-onset neurologic deficit has been seen following 
surgery for idiopathic scoliosis. Therefore, careful neurologic 
monitoring of the upper and lower extremity function for the 
48 hours following corrective surgery must be emphasized. 
Cases have been reported that confirmed that the patient had 
intact neurologic function after the surgery but suffered loss 
of motor and sensory function in the days following surgery 
(371, 391, 392). The etiology of delayed-onset paraplegia is 
unclear. It may be vascular, resulting from postoperative hypo
tension, or mechanical, resulting from a compressive hema
toma. Patients with delayed-onset neurologic deficit should 
undergo advanced imaging (MRI and/ or CD to determine if 
a compressive lesion exist and as quickly as possible have the 
corrective instrumentation removed or the corrective forces 
removed (if the instrumentation is required for spinal stability 
as may be required after a three-column osteotomy). Similar to 
intraoperative deficits, the patient's mean arterial pressure and 
blood volume should be increased, and consideration given to 
administering steroids (378). 

Implant-Related Complications. Complications 
related to the implants may present early or late in the post
operative period. Loss of implant fixation may occur if exces
sive corrective forces are applied to the bone anchors. The 
strength by which a rod exerts force on the spine is influ
enced by the rod contour as well as by its material properties 
(stainless steel, titanium, or cobalt chrome) (393). Fracture 
as a result of poor bone quality can cause an implant to 
loosen (394). Biomechanical comparison has also demon
strated different pullout strength between pedicle screws, 
laminar hooks, and wiring (395), which vary based on the 
direction of loading. Implant malpositioning is a relatively 
common complication that while can result in catastrophic 
complication, typically causes little clinical sequelae. A study 
evaluating the placement of pedicle screws with postopera
tive CT demonstrated significant medial or lateral pedicle 
breaches in 10.5% of the screws (396) (Fig. 17-58). None 
of the patients demonstrated any clinical consequences &om 
these misplaced screws. This should not, however, lessen 
one's vigilance in placing pedicle screws in the pediatric spi
nal deformity population. The use of triggered EM G and 
intraoperative fluoroscopy can aid in ensuring proper pedicle 
screw placement (397). Anterior instrumentation malposi
tioning can also place patients at risk. In addition to spinal 
canal penetration, one must consider the proximity of the 
aorta to the vertebral column when placing both anterior 
and posterior screws (398). 

Late implant problems include broken implants and pain
ful or prominent fixation (399). A late broken implant typi
cally implies the presence of a nonunion or a pseudoarthrosis. 
Motion at the pseudoarthrosis site ultimately causes the stabi
lizing implant (rod or screw) to fatigue and break. The time 
period before implant failure occurs depends on the size, mate
rial, and number of the rods used. In the presence of a pseud
arthrosis, small single-rod systems may become fatigued and 
fracture within a year, while a double-rod system may not fail 
for several years. Interestingly, a rod fracture or pseudoarthrosis 
may not result in clinical symptoms; therefore, revision surgery 
is generally indicated for pain or deformity progression. 

Patients that present with delayed pain around their 
instrumentation or surgical site may represent the develop
ment of a delayed infection (400--402). Evaluation of tissue 
surrounding instrumentation removed for late pain has 
demonstrated particulate wear debris (403). In cases where 
either pain or infection necessitate instrumentation removal, 
there should be concern for loss of deformity correction even 
when a pseudoarthrosis has not been identified (404). It may 
be wise to re-instrument the spine to prevent loss of correction. 
In cases of infection, titanium implants may be associated with 
a lower incidence of surgical-site infection in some published 
reports (405), although definitive data to support this concept 
are lacking. 

Other Complications. Additional complications that 
can present in a delayed fashion relate to progression of defor
mity and spinal imbalance. These problems usually occur in 
patients that had surgery at a young age and/or had fusions 
that were later determined to be too shorr. Crankshaft is an 
example of postoperative scoliosis progression through resid
ual anterior growth following a posterior fusion in a skeletally 
immature patient (272). Lumbar curve or thoracic curve pro
gression can occur following a selective thoracic or selective 
lumbar fusion, respectively. "Adding on," defined as progres
sion or extension of the primary curve, typically is seen as 
progressive wedging in the disc below the lowest-instrumented 
vertebra or as an increase in the number of vertebra in the 
measured Cobb (406). Minor degrees of radiographic defor
mity progression rarely significantly alter the clinical appear
ance of the patient and should merely be monitored. However, 
in cases where significant progression results in further clini
cal deformity or imbalance, an extension of the fusion may be 
indicated. 

Similar to coronal plane problems, progressive deformity 
in the sagittal plane can also occur. PJK, defined as a 1 0-degree 
change between the end-instrumented vertebra and the adja
cent one or two uninstrumented vertebra, has been shown to 
be relative common with an incidence between 9% and 27% 
(407, 408). Factors that correlated with PJK included large 
preoperative thoracic kyphosis, a loss of thoracic kyphosis in 
the instrumented segments, the use of pedicle screws, and a 
higher BMI (408). In most patients, this is no more than a 
radiographic concern as few patients complain of their junc
tional deformity. 
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FIGURE 17-58.. A: PA radiograph 
demonstrates a Lenke 1 A curve. B: 
Distally, the patient was fused to T12, 
which was the venebra last touched 
by the CSVL as seen on the first erect 
radiograph. C: At 2-year follow-up, the 
patient has developing "adding on" as 
demonstrated by both the progressive 
wedging in the disc below the lowest
instrumented vertebra and an increase 
in the number of venebra in the mea
sured Cobb. D: Lateral view at 2 years 
post-operatively. 
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FUTURE TREATMENT 

Concerns regarding the long-term effects of decreased spinal 
mobility following spinal fusion have led to investigations 
into novel methods to manage the progressive curve. Methods 
actively being explored include venebral body stapling and 
anterior tethering. The goal is to use these devices as a fusion
less method to alter a patient's remaining spinal growth to 
achieve correction of the curve. By exploiting the effects of 
the Hueter-Volkmann law, the hope is that compressing the 
convex anterior growth plates will inhibit their growth, while 
allowing the continued posterior and concave growth to ulti
mately reverse the deformity. One day we hope patients will 
have opponunities for spinal deformity correction without the 
effects oflost spinal mobility that is associated with our current 
corrective techniques of fusion (306-308). 

AUTHORS' PREFERRED TREATMENT 

Our preferences for treating scoliosis are based on our individ
ual biases; some are founded on facts, some on intuition, and 
some on past experiences/ mistakes. Our choices for a given 
patient's treatment have evolved and are continually being 
assessed. The recommendations that follow reflect our current 
approaches to bracing and surgical treatment of AIS. 

Brace Treatment. We generally believe that brace treat
ment has the potential to modify the natural history of a sdect 
few patients with scoliosis. We understand the challenges of 
such therapy for many teenaged patients as well as the desires 
of many for some chance to avoid surgical treatment. We offer 
a thoracic-lumbar spinal onhosis (TLSO) to female patients 
whom we believe to be at risk for progression and are will
ing to commit to a wearing schedule of at least 16 hours per 
day. Rarely do we prescribe a nso for a male teenager with 
scoliosis other than to occasionally delay an inevitable fusion 
in a boy with many years of remaining growth. In general, 
a custom-made underarm TLSO is the type of brace we use; 
however, a nighttime bending brace is considered when the 
patient has only a thoracolumbar curve. 

Surgical Treatment. The complexity of surgical deci
sion making in scoliosis makes generalizations regarding pre
ferred methods difficult. In general, most cases are treated 
with posterior instrumentation, and we make every effon to 
spare as many motion segments of the lumbar spine as pos
sible. Our primary goal is to prevent curve progression and 
obtain coronal, sagittal, and axial balance. In nearly all cases, 
we utilize pedicle screws (thoracic and lumbar) to maximize 
three-dimensional correction. 

While not every curve is treated according to the Lenke 
classification system, we are in general agreement with its rec
ommendations. The clinical appearance of the patient also 
influences the decisions to instrument a panicular curve. All 
patients with more than one structural curve are instrumented 

posteriorly. The majority of single thoracic curves (Lenke 
lA-C) are also currently treated posteriorly. Historically, some 
patients were treated with thoracoscopic anterior instrumenta
tion; however, the challenges with thoracoscopic instrumenta
tion without a lasting demonstrable benefit to the outcome 
have led to decreased use of this technique. A thoracoscopic 
release may be performed in large, rigid curves or in those with 
substantial risk for crankshaft (open triradiate cartilage). 

We nearly treat all thoracolumbar curves with posterior 
spinal instrumentation as well. In the past, anterior instru
mentation was our preferred technique. A relatively shon ante
rior fusion, ending distally at L3 in most cases, had yielded 
consistent results. However, the use of aggressive posterior 
releases along with segmental pedicle screws has provided simi
lar results and typically can be accomplished across the same 
levels as an anterior procedure. We still consider an anterior 
approach for those patients with very small pedicles in which 
segmental screw fixation may not be possible. 

Thus, in general, posterior pedicle screw instrumenta
tion has berome our preferred method of fixation with hooks 
(transverse process, pedicle, and lamina) and sublaminar wires 
added as required. Segmental fixation throughout the concave 
thoracic curve is sought in order to maximize fixation so that 
correction forces required to achieve ideal three-dimensional 
balance can be attained with less concern for screw pullout. 
Pedicle screw fixation on the convex side may be less critical 
for maximal correction, yet these pedicle screws are often easier 
and safer to place than those on the concavity. We utilize EMG 
pedicle screw stimulation to assess cortical integrity of the ped
icle and remove or replace screws with values <4 to 6 mAmps. 
Radiographic confJimation of screw position is also assessed 
with the image intensifier intraoperatively (Fig. 17-59). We 
often place two thoracic transverse process hooks (when 
transverse process is large enough) at the cephalad end of our 
construct. These require less dissection to place than a screw 

and may minimize the risk of proximal junctional kyphosis. 
To increase the flexibility of the spine and improve thoracic 
kyphosis, we will frequently perform Ponte-type releases at 
the lordotic apex of the curve. We believe these releases allow 
the posterior column to lengthen during the correction and 
accommodate the relatively excessive anterior column length 
seen in AIS (discussed in the etiology section). 

When screws have been successfully placed in a segmental 
fashion, they offer a powerful means to achieve deformity cor
rection. To maximize three-dimensional correction, we utilize 
steel rods with a high yield point (200 ksi) aggressive differ
ential rod contouring, compression/distraction, and segmental 
venebral derotation. Wtth appropriate level selection, we hope 
to achieve a balanced correction that minimizes deformity 
(reduces the coronal deformity, increases the thoracic kyphosis, 
and decreases the axial plane rotation) and maximizes spinal 
flexibility. Currently, we do not routinely perform thoraco
plasty in association with our thoracic curve corrections and 
reserve this procedure for the most deformed chest cages. 

Our choice for bone graft had traditionally been iliac crest 
autograft. However, with the use of pedicle screw fixation, the 



FIGURE 17-59. This intraoperative intensifier view demonstrates 
the appearance of pedicle screws placed in the thoracic apex. There 
is a gradual transition in the rotation of the left-sided apical screws, 
maximal at the apex. The lateral view should also confirm appropriate 
screw length. 

lamina and facet join~ are free of obstructing instrumentation, 
and the augmentation of local bone with allograft when com
bined with aggressive midline deconication seems adequate in 
most cases. 

The surgical management of AIS has undergone a sig
nificant evolution from the time of aeatment with bone graft
ing and corrective casting. Our surgical approaches, which 
10 years ago relied heavily on anterior procedures, have now 
been replaced primarily with posterior spinal instrumentation 
and fusion procedures. Interestingly. the prospect of fusionless 
surgery as discussed above may once again increase anterior 
spinal surgery, especially thoracoscopic methods, in the futute. 
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