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Abbreviations: AIS, Adolescent Idiopathic Scoliosis, LIS, 
Late-onset Idiopathic Scoliosis

Background
Scoliosis, by its most basic definition, is a musculoskeletal deformity 

of the spine characterized by an observable lateral curvature.1 The 
diagnosis known as Adolescent Idiopathic Scoliosis (AIS) was first 
defined by John James in 1954 as he attempted to divide childhood 
idiopathic scoliosis into three peak periods of incidence. Adolescent 
onset was described as the appearance of scoliosis from the age of 
ten years until the end of growth, juvenile onset was described as 
appearance from the age of five to eight years, and infantile onset was 
described as appearance before the age of three years.2

More recent definitions of childhood scoliosis divide the 
pathology into two categories; early-onset, appearing before the age 
of five, and late-onset, appearing after the age of five. This may be a 
more appropriate division as growth velocity of the T1 to L5 spine 
peaks between birth and the age of five and because cardiopulmonary 
complications are more likely seen when onset occurs before the age 
of five.3 By these modern definitions, the diagnosis of AIS presently 
falls within the category of late-onset idiopathic scoliosis (LIS). 
Given this fact, care for patients with AIS may be guided by modern 
standards described for either AIS or LIS.

Epidemiology
Adolescent Idiopathic Scoliosis is a relatively common disorder 

with an overall prevalence of 0.47%–5.2% found in studies observing 
children of various nationalities.4 Of the three classic periods of onset 
for idiopathic scoliosis, adolescent onset is by far the most common 
accounting for as many as 90% of diagnosed cases.5 In some nations, 
such as Germany and the United Kingdom, infantile onset was 
very common in the past and accounted for almost 50% of cases of 

idiopathic scoliosis. However, this has dropped to 4% or lower with 
the adoption of prone infant-positioning practices.6

AIS is significantly more common in female children with an 
average female to male prevalence ratio of 2.1:1 to 2.36:1 based on 
data from large recent studies.7,8 The exact prevalence of curve types 
also varies by gender, but for both males and females thoracic curves 
are the most common (44.06% in boys, 49.10% in girls) followed 
by thoracolumbar/lumbar (49.55% in boys, 36.09% in girls) and the 
less common double (4.26% in boys, 11.10 % in girls) and double 
thoracic curves (2.14% in boys, 3.71% in girls).4 In addition to curve 
type, gender has also been shown to have an impact on the observed 
severity of scoliotic curves. Several studies have shown that AIS 
deformities with Cobb angles of 20° or larger are significantly more 
common in females than males such that the age matched prevalence 
ratio may be greater than 8:1.9,10

Etiology
While there are many established causes of scoliosis including 

rickets, vertebral malformations, torticollis, and leg length 
discrepancies, by definition, idiopathic scoliosis refers to a lateral 
curvature that is presently of unknown cause.11 That being said, 
numerous potential etiologies for adolescent idiopathic scoliosis 
have been discussed in modern literature. Some of these include 
abnormalities in connective tissue structure, muscle physiology, 
neurologic and osseous development, and platelet chemistry as well 
as specific aberrations in hormone levels.12

Connective tissue

Supported by the presence of scoliosis in patients with connective 
tissue disorders such as Marfan syndrome, the idea that connective 
tissue irregularity may be an etiologic factor for AIS has received 
a significant amount of attention. Structural abnormalities of these 
tissues including decreased elastic fiber density and non-uniform 
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Abstract

Adolescent idiopathic Scoliosis (AIS) is a common disorder of children about which 
there is a vast amount of research available for review. This manuscript aims to 
discuss significant classic and modern literature regarding this spinal deformity. An 
organized review of topics including the definition, epidemiology, etiology, physiology, 
diagnosis, and management of adolescent idiopathic scoliosis has been included herein. 
In this review, it is first explained that AIS now falls under the definition of late-onset 
idiopathic scoliosis. Epidemiologic discussion then reveals the relatively high prevalence 
of this disorder in children and lists the variations seen in prevalence by gender. Etiologic 
review explores the multifactorial nature of AIS and describes various conditions implicated 
in AIS pathogenesis including abnormalities in connective tissue structure, neuro-osseous 
development, platelet chemistry and hormone levels. The discussion of physiology explains 
the three dimensional structure of the AIS deformity and reviews long term complications 
such as back pain and compromised self-image. The section covering diagnostic methods 
highlights the physical exam for AIS and details important radiographic measurements 
including the Cobb angle, clavicle angle, and sagittal balance. Finally, the review of 
management emphasizes the importance of individualized therapy for AIS and discusses 
techniques involved in the non-operative and operative treatment of this spinal deformity.
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fiber distribution in the ligamentum flavum have been identified in 
patients with AIS.13 However, it is now generally accepted that these 
changes develop secondary to the structural forces experienced by 
those studied tissues as a result of the deformity.14

Muscle physiology

Underlying muscular pathology has also been studied as a potential 
soft tissue cause of AIS. Research in the past has revealed microscopic 
muscular irregularities in patients with AIS such as a significantly 
lower percentage of type 1 fibers in the concave side erector spinae 
muscles when compared to those muscles of age and gender matched 
controls.15 Much like the implicated connective tissue irregularities, 
it is difficult to show that these are causative abnormalities and not 
changes occurring secondary to the deformity.16.

Neuro-osseous development

As the result of efforts to identify possible growth derangements 
related to AIS, several etiological theories regarding uneven 
development of the spinal column and spinal cord have been 
suggested.17 In 2001 Robert Porter posed the hypothesis that vertebrae 
may deform and rotate during growth to protect a relatively short 
spinal cord. Studies using MRI and multiplanar reconstruction have 
revealed reduced spinal cord to vertebral column ratios in AIS patients 
and have supported the notion that a tethering effect on the spinal cord 
may initiate curve development.18

Platelet chemistry

Platelet abnormalities of intracellular calcium concentration have 
been implicated in the etiopathogenesis of AIS, but studies on this 
topic have yielded inconsistent results. Recently it has been found 
that there is an underlying abnormality in platelet Ca2+ATPase in 
patients with AIS. The observation of this platelet channelopathy 
along with a similar abnormality in osteoblasts in these patients has 
led to the suggestion that a systemic defect in cell differentiation may 
be involved in the etiology of AIS.19

Hormone levels

Dysfunction of the melatonin signaling pathway has also been 
suggested as a possible cause of AIS. Animal studies have shown 
that an absence of melatonin leads to the development of scoliosis. 
Furthermore, the examination of tissue samples taken from patients 
with AIS during spine surgery has revealed impaired melatonin 
signaling in osteoblasts.20 While these are interesting findings, the 
mechanism by which melatonin irregularities might promote AIS has 
yet to be elucidated.

Consensus on associated abnormalities

Despite the observed presence of the aforementioned abnormalities 
in patients with AIS, systematic review has concluded that there is 
insufficient strong evidence to show a consistent pattern of occurrence 
between many implicated conditions and AIS.21 Furthermore, in 
studies that do suggest a definite relationship between associated 
abnormalities and AIS, it is often not established that these are true 
etiological factors rather than secondary changes due to the underlying 
pathophysiology of the disorder.16

Modern studies of etiology

Due to the persistent challenge of proving a causal relationship 
between associated pathologies and AIS, genetic research has been 
carried out in recent years in order to explore the etiology of this 
deformity on a molecular level. As there is an apparent difference 

in AIS prevalence by gender, it has been suggested that the etiology 
may have roots in an X chromosome abnormality. While pursuing this 
notion, one large study looking at families with multiple individuals 
diagnosed with AIS found a locus on the X chromosome that may 
be involved in development of the deformity.22 Despite findings 
such as this, some authors feel that an X-chromosome abnormality 
is an unlikely primary cause of AIS based on the fact that X-linked 
disorders are typically more common in males than females.23

With respect to autosomal chromosomes, recent genome wide 
association studies have identified several specific loci that warrant 
further investigation. The 3p26.3 locus is of particular interest as 
it contains candidate genes for AIS susceptibility such as CHL1.24 

Other loci that may contain susceptibility genes may be found on 
chromosomes 6, 9, 16, and 17.25

Given the wide number of implicated genes and the multitude 
of associated abnormalities, it is presently believed that the etiology 
of AIS is multifactorial in nature.16 While identifying the true cause 
of AIS has proven to be a challenging task, as our understanding 
of this deformity improves, more effective screening and detection 
techniques may be developed to allow for earlier management and the 
prevention of large curve development.

Physiology
Anatomy

While often characterized by the lateral curvature of the spine, 
adolescent idiopathic scoliosis is a three dimensional deformity 
involving multiplaner vertebral changes (Figure 1). In addition to 
vertebral rotation in the coronal plane producing the lateral curvature, 
changes also occur in the sagittal and transverse planes. In the sagittal 
plane, a relative lordosis is generally observed in involved vertebrae 
of the thoracic spine. In the transverse plane, vertebrae are rotated 
such that the spinous processes point toward the curves concavity. 
The subsequent change in costal positioning that this produces in the 
thoracic spine results in the rotational prominence that is typically 
observed when a patient with AIS assumes the leaning forward 
position.26

A variety of different curve patterns may be seen in patients with 
AIS including thoracic curves, thoracolumbar curves, double curves, 
and double thoracic curves. Of these deformities, thoracic curves 
are the most commonly observed.4 When these C shaped curves are 
identified at the thoracic level, they are typically right convex in 
nature. Similar thoracic deformity may be noted in S shaped double 
curves with the opposite convexity seen in the thoracolumbar curve. 
In this S pattern, the lumbar curvature is often greater than the 
thoracic curvature, so cosmetic abnormalities such as rotational rib 
prominence may be less obvious.27

Long term complications

Numerous complications of untreated AIS have been explored 
in the study of this spinal deformity. Back pain, compromised self-
image, physical disability, pulmonary symptoms and early mortality 
are among the most commonly discussed undesirable outcomes.28

Back pain: Reports of back pain on long term follow up for 
patients with untreated idiopathic scoliosis are highly variable with 
rates as high as 90% or as low as 40% based upon the given study. 
Despite such variability, most authors have found that patients with 
untreated idiopathic scoliosis more frequently experience back pain 
than individuals in the general population.29 Operative treatment has 
been shown in past studies to decrease back pain for treated patients 
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compared to those with untreated AIS, but not to decrease it to that 
of a control population.30 A more recent study by Danielsson and 
Nachemson found that back pain in patients 20 years following spinal 
arthrodesis was only minimally greater than that in controls.31 In the 
future, there may be value in carrying out a long term study of modern 
minimally invasive surgical techniques to determine if back pain for 
the operated population may finally approach that of the population 
without AIS.

Figure 1 Changes in vertebral rotation observed in adolescent idiopathic 
scoliosis. 

a) Coronal plane: Left: Normal thoracic vertebrae. Right: Coronal rotation 
produces the characteristic lateral curvature of AIS.

b) Sagittal plane: Left: Normal thoracic vertebrae. Right: Sagittal changes result 
in a relative lordosis in the thoracic spine (kyphotic angle less than 20 degrees).

c) Transverse plane: Left: Normal thoracic vertebrae. Right: Rotation in the 
transverse plane produces the rib hump easily observed in the forward 
bending position.

Compromised self-image: Similar to back pain, compromised self-
image has generally been found to be a true complication of untreated 
AIS. In a study in 1988 that addressed this specific issue, 56% of 
patients reported that they were self-conscious or depressed about 
their body shape. This was worse in patients with curves over 90° 
as 77% of those individuals were distressed by their body habitus.32 

In a 2003 study of various AIS complications, the negative long 
term impact of this deformity on self-image was further supported 
by the finding that average body satisfaction was lower for the AIS 
population compared to the control population on all of the scales that 
were utilized.33

Physical disability: Unlike back pain and compromised self-image, 
there is not a general consensus regarding physical disability as a 
long term complication of untreated AIS. While some authors have 
suggested that this deformity leads to a decreased ability to carry 
out physical activities34 others have found no significant difference 
between patients with AIS and controls in their ability to perform 
activities such as lifting heavy objects, walking long distances, or 
sitting for extended periods of time. Furthermore, while disability due 
to back pain was identified as a cause of reduced working hours in 
Weinstein’s recent study, this decrease in work activity was not shown 
to be significantly greater for the AIS population compared to the 
control population.33

Pulmonary symptoms: Pulmonary symptoms are another topic 
of some debate in the natural history of AIS. While it is generally 
accepted that large curves may lead to restrictive lung disease and 
shortness of breath,29 some studies have suggested that there is not a 
significant increase in pulmonary symptoms for patients with curves 
of less than 50°.33 However, it has recently been found that, while basal 
respiratory function may be spared, individuals with curves averaging 
32.8° demonstrate lower ventilatory efficiency and generally lower 
physical performance than controls during exercise testing.35

Mortality: Despite the presence of historical papers that indicate an 
increased mortality rate of more than twice that of the age matched 
general population for patients with idiopathic scoliosis,36 it is currently 
believed that such results were skewed by the inclusion of patients 
with congenital scoliosis and that those mortality rates do not hold 
true for all types of scoliosis.29 Pehrsson’s long term follow up study 
supports this point as it was found that mortality was significantly 
increased for patients 40-50 years of age with untreated infantile 
and juvenile idiopathic scoliosis, but that this was not the case for 
patients with adolescent idiopathic scoliosis.37 In a more recent 50 
year follow up study, it was stated that there is insufficient evidence to 
link untreated AIS with increased rates of mortality in general, or from 
cardiac or pulmonary conditions caused by the deformity.33

While AIS may not increase average mortality, it is important 
to note that some severe curvatures can be responsible for life 
threatening complications. For instance, it has been found that patients 
with a curve angle greater than 110° and a vital capacity below 40% 
of predicted value are at increased risk for death due to respiratory 
failure.38 Other studies that have commented on patients dying of 
scoliosis related complications have all reported that those individuals 
had curves greater than 100° with the majority of the curves being 
greater than 140°.28

Curve progression

Given the relationship between curve size and long term sequelae, 
curve progression has long been a topic of interest in the study of AIS. 
In 1983 Weinstein and Ponseti found that curves with Cobb angles 
of less than 30° at skeletal maturity generally did not to progress. 
Thoracic curves between 40° and 50° progressed by approximately 1° 
per year through adulthood and curves between 50° and 75° showed 
even greater progression.39 In 1986 Ascani addressed curve progression 
by specific type and suggested that thoracic curves progress the most 
followed by lumbar, thoracolumbar, and then double curves.40

A more recent study designed to test the Sanders Skeletal Maturity 
Staging System revealed general findings similar to Weinstein’s 
as none of the patients with initial curves of 15° or less had curve 
progression while most of the patients with curves of 40° or greater 
prior to skeletal maturity went on to have curve progression to greater 
than 50°. This study further divided the probability progression by 
Sanders skeletal maturity stage. It stated that the percentage of patients 
with curve progression after observation of an initial curve of 30° at 
maturity stages 1, 3, and 4 was 67%, 43% and 27% respectively.41 

These findings highlight the significant variability in AIS prognosis 
and the importance of skeletal maturity in the understanding of AIS 
physiology.

Diagnosis
Presentation

Patients with Adolescent idiopathic Scoliosis often present with 
cosmetic concerns such as uneven shoulders, hip asymmetry or a rib 
prominence recognized by the patient or a family member.42 Back 
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pain may also be a presenting complaint for patients with AIS. This is 
more likely for individuals who are at an advanced stage of skeletal 
maturity, older than fifteen, or postmenarchal.43

Physical exam

Prior to examination of spinal curve characteristics in a patient 
with suspected AIS, a thorough neurological exam should be carried 
out. This may reveal an underlying intraspinal pathology such as 
syringomyelia, which has been found to be associated with the 
absence of superficial abdominal reflexes on the convex side of the 
curve.44 Such neurological findings may be an indication for further 
investigation with magnetic resonance imaging.

When examining the patients back, characteristics that should 
be assessed include shoulder obliquity, waist crease asymmetry, 
sagittal balance, coronal decompensation, and trunk rotation.45 Most 
of these features may be observed with the patient standing, but 
trunk rotation is best viewed with the patient in the bending forward 
position described by Adams in 1865. While the USPSTF does not 
recommend performing this as a screening test for AIS,46 it is useful in 
a focused spinal examination as it accentuates the degree of rotation 
observed in the surface of the back.47 With the patient in the bending 
forward position, the angle of trunk rotation may be estimated using a 
scoliometer, a small measuring device which is placed on the patient’s 
back over the spinous process at the level of the curve apex.48

While the diagnosis of AIS may be apparent on physical exam, 
standard imaging studies are carried out in the assessment of these 
patients in order to quantify specific characteristics of their deformity.

Imaging studies

Roentgenography: The X-ray imaging studies typically used in the 
diagnosis and assessment AIS include standing anterior-posterior (AP) 
or posterior-anterior (PA) views, sideward bending AP or PA views, 
and sagittal views. Coronal views should include the cervical spine 
and the pelvis in one image while sagittal views should span from the 
cranium to both femoral heads to facilitate various measurements of 
coronal and sagittal balance.49 Three significant measurements made 
on these images are the Cobb angle, the clavicle angle, and the sagittal 
balance (Figure 2).

Cobb angle: The Cobb angle is found on the AP view by drawing 
a line parallel to the superior endplate of the top vertebra and a 
line parallel to the inferior endplate of the bottom vertebra. Those 
terminal vertebrae are the most tilted and yield the greatest Cobb 
angle. Intersecting lines perpendicular to the endplates of the terminal 
vertebrae are drawn and the superior angle formed between them is 
measured as the Cobb angle.50 A diagnosis of AIS is confirmed when 
a lateral curvature with a Cobb angle of 10° or greater is present on 
a standing coronal radiograph.51 Curvatures of non-structural nature 
may be differentiated from curvatures of structural nature on bending 
films as non-structural curves will bend out to less than 25° while 
structural curves will remain equal to or greater than 25°.52

Clavicle angle: The clavicle angle is measured as the angle between 
a tangential line connecting the highest two points of each clavicle 
and an intersecting horizontal line. This measurement has been found 
to have a stronger correlation with shoulder balance after spinal 
arthrodesis than most other coronal plane measurements and may 
be useful in operative planning to achieve cosmetically satisfying 
results.53

Sagittal balance: The sagittal balance is the distance between a 
plumb line dropped from the center of the C7 vertebral body and the 

posterior-superior aspect of the S1 vertebral body on the sagittal view. 
This is an important measurement as sagittal imbalance, defined as a 
4cm or greater deviation from neutral, has been identified as a cause of 
back pain in patients with spinal deformity.54 Given this observation, 
correction of sagittal imbalance should be viewed as a major goal in 
the treatment of AIS with the aim of improving long term quality of 
life.55

Figure 2 Radiographic measurements used in the assessment of AIS.

a) Cobb Angle

b) Clavicle Angle

c) Sagittal Balance

Magnetic resonance imaging: MRI is typically not used in the 
diagnosis of AIS. However, MRI may be useful in the detection of 
associated neurological deformities such as syringomyelia. The 
presence of these deformities in patients with presumed AIS has 
been shown to increase the risk for neurological injury during spinal 
arthrodesis procedures.56 A recent study found that a combination of 
an atypical curve pattern and neurological findings had the greatest 
diagnostic yield as an indication for performing an MRI as central 
nervous system deformities were identified in 25% of patients with 
these findings. The best single indicator was an atypical curve pattern 
such as the absence of thoracic apical segment lordosis, while the worst 
single indicator was back pain as no patients with this symptom alone 
who received an MRI were found to have a central nervous system 
abnormality.57 In the absence of abnormal physical or neurological 
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findings, MRI is generally not indicated as a screening test prior to 
arthrodesis since the diagnostic yield for neurological deformity in 
these scenarios is very low at less than 2%.58

Determination of skeletal maturity

As discussed under physiology, the probability of curve 
progression for patients with AIS is related to the Cobb angle of their 
spinal curvature and their degree of skeletal maturity. Thus, efforts are 
often made at the time of diagnosis to assess the patient’s degree of 
skeletal maturity.

While indicators such as chronological age, menarchal status, 
and trends in height and weight may be used for a quick assessment 
of skeletal maturity,59 numerous radiographic techniques have 
been developed in the study of scoliosis to allow for more accurate 
estimation.

Risser sign: In 1958 Joseph Risser described a relationship between 
spinal skeletal maturity and ossification of the iliac crest apophysis.60 

This relationship became the foundation for the present day Risser 
sign, a six stage system in which stage 0 is characterized by no 
ossification of the apophysis and signifies the beginning of the curve 
acceleration phase of spinal growth61 while stage 5 is characterized 
by complete fusion of the ossified apophysis to the iliac crest and 
signifies the cessation of vertebral growth.62

Since the advent of the Risser scale, several other techniques 
for skeletal assessment have been developed including the Oxford 
Method first described by Acheson in 1954,63 the Greulich and Pyle 
method described in 1971, and the Tanner Whitehouse II method 
described in 1983.64

Sanders skeletal maturity scale: A modern system for the 
determination of skeletal maturity in patients with AIS was described 
by James Sanders in 2008. This radiographic method of classification 
divides skeletal maturity into eight stages determined by specific 
characteristics observed on anterior-posterior radiographs of the hand. 
These eight stages correspond with defined phases of spinal curve 
acceleration. Based upon the degree of spinal curvature observed at 
these stages, this classification system also suggests a given patient’s 
risk of curve progression.65 In addition to having prognostic use at 
diagnosis, information such as this may be used to guide suggestions 
for bracing and other treatments.

Management
As discussed earlier, back pain, compromised self-image, physical 

disability, pulmonary symptoms and early mortality are all possible 
long term outcomes of scoliotic deformity.28 Unlike infantile idiopathic 
scoliosis, which resolves spontaneously in more than 70% of cases,66 

the deformity in AIS generally does not improve without intervention. 
In order to avoid the complications that may be associated with AIS, 
some patients are candidates for non-operative or operative therapy.

Non operative therapy

The primary non-operative therapy suggested for the management 
of adolescent idiopathic scoliosis is the use of an orthotic brace.67

Indications: Current indication criteria for the use of bracing to treat 
adolescent idiopathic scoliosis include a patient age of 10 years or 
older, Risser stage of 0-2, major curve angle of 25°-40°, no prior 
treatment, and premenarchal or less than 1 year postmenarchal 
status for females.68 Some authors have recently suggested that these 
indications are be too broad and that bracing should be limited to 
patients at high risk for clinically significant curve progression as to 

avoid unnecessary treatment of individuals who will not benefit from 
that therapy.69

Types of braces: There are numerous types of orthoses used around 
the world in the treatment of AIS. In North America, the Boston brace 
is the most commonly prescribed orthoses brace. This is a rigid, back 
opening, polyethylene brace that is popular with patients for its low 
profile and relatively cosmetically acceptable design.70 Other rigid 
AIS orthoses used around the world include the Charleston, Cheneau, 
Lyon, Milwaukee, PASB, Providence, TLI and Wilmington braces. 
The SpineCor and TriaC are two non-rigid orthoses that have also 
been designed for the management of AIS. There is limited research 
on these relatively new devices, but cohort studies for each have 
indicated that they both significantly reduce curve progression.71,72

Bracing technique: Orthotic braces used for the management of AIS 
should be worn for as many hours of the day as tolerable. In general, 
it is suggested that the orthoses be worn for 22 hours per day from 
the time at which bracing is first indicated until the time at which 
the patient reaches skeletal maturity.73 This suggestion is supported by 
a recent multicenter prospective study which concluded that there is 
in fact a positive dose-response relationship between hours of brace 
wear and prevention of curve progression. That study found that more 
than 90% of patients who wore their brace for an average of 12.9 
hours per day or more did not have curve progression past 50° while 
patients who wore their brace for an average of less than 6 hours per 
day did have curve progression past 50°.69

Outcomes: Systematic reviews have indicated that bracing is effective 
in preventing curves from progressing more than 6°, but these reviews 
have not shown that bracing significantly decreases the likelihood of 
treated patients going on to have surgery.74 However, recent studies 
suggest that those outcomes were negatively impacted by poor 
compliance and that the number needed to treat to prevent surgery 
in patients with AIS may be as low as three when braces are properly 
used.75 In addition to decreasing the need for surgery, bracing has been 
found to reduce the long term prevalence and severity of back pain in 
patients treated for AIS close to that of a normal control population.76

Operative therapy

The gold standard operative therapy for the management of 
Adolescent Idiopathic Scoliosis is segmental spinal instrumentation 
and fusion.77

Indications: Absolute indications for spinal arthrodesis are a topic 
for debate in the study of AIS. Traditional indications for surgery are 
a curve this greater than 45-50° at skeletal maturity or a curve that 
is greater than 40-45° degrees in a patient with 1-2 years or more 
of growth remaining.78 While these may still be acceptable guidelines 
based on our understanding of the long term complications of large 
curves, the decision to perform arthrodesis should be made on an 
individual bases due to wide variation in physiology. For instance, 
spinal arthrodesis might not be necessary for a patient with a double 
curve in the 50° range due to a balancing effect and a relatively 
normal cosmetic appearance. On the other hand, this surgery may be 
appropriate for a patient with a single thoracolumbar curve in 35-45° 
range due to coronal decompensation and a relatively undesirable 
cosmetic appearance.79

Level selection: Once it has been found that surgery is indicated for 
a given patient, a decision must be made regarding which vertebrae 
to include in the instrumented fusion. Several classifications systems 
have been developed in order to offer guidance during this decision 
making process.
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Table 1 Primers for RT-PCR

Curve Type

Lenke Type Proximal 
Thoracic Curve

Main Thoracic 
Curve

Thoracolumbar 
/Lumbar curve Curve Type

1 Non-Structural Structural (Major) Non-Structural Main Thoracic
2 Structural Structural (Major) Non-Structural Double Thoracic
3 Non-Structural Structural (Major) Structural Double Major
4 Structural Structural (Major) Structural Triple Major
5 Non-Structural Non-Structural Structural (Major) Thoracolumbar/ Lumbar

6 Non-Structural Structural Structural (Major) Thoracolumbar/ Lumbar-Main 
Thoracic

Modifiers
Lumbar Spine 
Modifiers

CSVL to Lumbar Apex 
Vertebra Relationship

T5-T12 Thoracic Sagittal 
Profile Modifier Angle of Kyphosis

A CSVL runs between 
pedicles - (Hypokyphosis) < 10°

B CSVL touches lateral 
aspect of the vertebral body N (Normal kyphosis) 10°-40°

C CSVL completely 
medical to vertebral body

+ (Hyperkyphosis) >  40

Classification= Curve type+ Lumbar Spine Modifier + Thoracic Sagittal Modifier

King classification: In 1983 King and Moe described a system that 
divided scoliotic curves into five major types.

Type I curves are S shaped patterns in which both curves cross the 
mid line, but the lumbar curve is larger than the thoracic. Similarly, 
type II curves are S shaped patterns in which both curves cross the 
mid line, but the thoracic curve is larger than the lumbar. Type III 
curves have a pattern in which there is a thoracic curve which crosses 
the midline and a lumbar curve which does not. Type IV patterns 
are characterized by a single long thoracic curvature with L5 over 
the sacrum and L4 tilted into the curve while type V patterns are 
characterized by a double thoracic curvature with T1 tilted into the 
convexity.

Based on these different curve types, the following suggestions 
were made for vertebral fusion. For type I patterns, both curves 
should be fused to the lower vertebra, but no lower than L4. For type 
II patterns, the thoracic curve should be fused to the lower vertebra 
that is both neutral and stable or just to the most stable vertebra. For 
type III and IV patterns, fusion should include the measured thoracic 
curve, with the lower level of fusion ending at the first vertebra that 
is most closely bisected by the center sacral line. Finally, for type V 
patterns, both thoracic curves should be fused with the lower level of 
fusion ending at the first vertebra that is most closely bisected by the 
center sacral line.80

While the King classification system and its suggestions were 
widely accepted after its development, subsequent reviews of this 
method have found that it has relatively low inter-observer reliability 
and does not seem adequate to allow for surgical decision making based 
on reports made by other surgeons.81 Furthermore, this classification 
was designed to help determine the extent instrumentation with 
Harrington rods, and was not conceived with data regarding modern 
methods of segmental instrumentation.82

Lenke classification: In 2001 Lenke described a new AIS classification 
system designed to have a stronger inter-observer reliability than the 
King system and offer guidance for modern arthrodesis procedures. 
This system divided scoliotic deformity into six major types based 
on various combinations of curves. These curves were described by 
their location and structural nature. In accordance with the definitions 
established by the Scoliosis Research Society, a curve is thoracic if 
the apex occurs between T2 and the T11/12 disc, thoracolumbar if 

the apex is between T12 and L1, and lumbar if it is between the L1/
L2 disc and L4.83 The thoracic curves may be further divided into 
proximal thoracic curves with the apex at T3, T4, or T5, and main 
thoracic curves with the apex between T6 and the eleventh and the 
T11/12 disc. Any of these curves may be deemed structural if its Cobb 
angle remains equal to or greater than 25° on side bending imaging.

In addition to the six major types, Lenke also described two 
modifiers to further characterize the three dimensional structure of 
scoliotic deformities. The lumbar modifier describes the relationship 
between the center sacral vertical line and the lumbar apex while the 
sagittal thoracic modifier describes the kyphotic angle of the thoracic 
spine between the T5 and T12 endplates. An overview of the Lenke 
classification system is presented in Table 1.52

Unlike the paper describing the King classification system, 
Lenke’s 2001 paper does not list a specific set of guidelines to follow 
when making fusion level decisions based on each curve type. Since 
the publication of that paper, numerous suggestions have been made 
regarding the clinical application of the Lenke classification system. 
In a 2013 review, a fusion protocol was described that discussed 
fusion levels for all of the Lenke classifications. In addition to offering 
general guidelines such as the inclusion of all structural curves in the 
instrumentation, this review also made detailed suggestions regarding 
which upper and lower vertebrae to include in the fusion based on 
Lenke curve types and modifiers.84

Approach: In an international consensus statement published in 
2014 a 96% majority declared that the posterior surgical approach 
was the optimal form of care when performing spinal arthrodesis in 
routine scenarios.85 However, other techniques such as anterior open 
and anterior thoracoscopic approaches have also been advocated in 
modern literature.86 In a recent five year follow up study of patients 
who underwent anterior thoracoscopic spinal fusion it was found that 
these individuals were more likely to suffer from pseudarthrosis or 
hardware failure, but that they otherwise had similar outcomes to 
patients who underwent a posterior approach. Furthermore, it was 
noted the anterior thoracoscopic approach had several advantages 
including the cosmetic benefit of a smaller scar and the functional 
benefit of requiring fusion of fewer motion segments.77

Implants : The instrumentation involved in the treatment of AIS 
has evolved significantly over the last century. Various states of the 
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art have come and passed working up from Hibbs’s uninstrumented 
fusion, to Herrington’s distraction rod, to Luque’s sublaminar wire 
and rod technique, and now to modern day pedicle screw constructs.87 
Recently, there has been some debate as to whether or not all pedicle 
screw constructs are the superior form instrumentation when compared 
to hybrid constructs which have screws in the lower vertebrae and 
hooks on the upper vertebrae.82 However, multiple studies in the last 
decade have found that all pedicle screw constructs to be superior 
with respect to outcomes including coronal correction, scoliometer 
measurement, and post-operative pulmonary function.88,89

In addition to an evolution in implant type, there has also been a 
notable change in implant materials over the years. While Harrington 
Rods were stainless steel devices, most modern constructs are 
composed primarily of titanium pedicle screws and titanium rods.85 

For spinal fusion of more severe curves, cobalt-chromium rods are 
now also commonly used in as they have been found to exert higher 
corrective forces than stainless steel rods while still maintaining their 
shape.90

Intraoperative monitoring: In the practice of modern spinal 
arthrodesis, several technologies have been implemented to improve 
the safety of vertebral instrumentation. Two of these technologies are 
spinal cord monitoring and computer assisted navigation.

Spinal cord monitoring is a widely used technique in which leads 
are placed to measure somatosensory-evoked potentials or motor-
evoked potentials traveling through the spinal cord. In the event of 
intraoperative neurological injury, changes in the measurements of 
these potentials should alert the surgeon to begin corrective efforts.91

Unlike spinal cord monitoring, computer assisted navigation is not 
routinely used by most surgeons when performing spinal arthrodesis.85 

Despite its limited utilization, recent studies have suggested that 
computer assisted navigation results in significantly higher accuracy 
of pedicle screw placement when compared to traditional methods.92 

Furthermore, while the acquisition and maintenance of equipment 
such as an O-arm is relatively expensive, reductions in re-operation 
costs associated with its use have been found to offset those expenses 
at institutions where there is a high volume of instrumented spinal 
procedures.93 Interestingly, even with improved accuracy and reduced 
re-operation rates, multiple systematic reviews have failed to show a 
reduction in neurological complications when using computer assisted 
navigation.92,94 Until more data is published that indicates improved 
functional outcomes, the overall clinical benefit of these technologies 
may remain up for debate.

Outcomes: Given the constant evolution of spinal arthrodesis 
techniques for the treatment of AIS, it is challenging to determine 
the long term outcomes for these procedures. Twenty year follow up 
studies performed in the past have found favorable results with respect 
to Cobb angles and pulmonary function95 and less favorable results 
with respect to social limitation and physical function.96 However, 
those studies examined the effects of treatments performed over 40 
years ago, so their conclusions might not apply to modern procedures.

In an effort to address the impact of modern surgical methods, 
a 2011 study looked at a group of AIS patients who had undergone 
spinal arthrodesis in the nineteen nineties. While this study did find 
that the cohort of patients had some acceleration of L5-S1 disc 
degeneration, the outcomes were otherwise positive as it revealed that 
most of the patients had minimal pain or functional impairment over 
a decade after their surgery.97 In the future, similar research will have 
to be carried out to determine the long term benefits of today’s spinal 
fusion techniques.

Conclusion
There is a vast amount of literature available for review regarding 

adolescent idiopathic scoliosis. The associated knowledge base is 
profoundly organic, with an ever changing understanding of AIS 
such that the very definition of the deformity itself has evolved in 
recent years. With constant progress being made toward a proper 
understanding of the molecular and genetic roots of this disease, it is 
conceivable that preventative measures may someday be developed 
to stop AIS from ever developing. In the meantime, armed with a 
thorough understanding of the physiology, diagnosis, and management 
of this disorder, modern physicians should be able to greatly reduce 
the prevalence of scoliotic deformity and its associated complications 
in the adult population.
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