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KEY POINTS

� Classification systems should describe important features of disease states and provide clinical
information regarding the classified disease state.

� Previous classifications for adult spinal deformity (ASD) neglected evaluation of sagittal spinopelvic
parameters.

� Pelvic incidence/lumbar lordosis mismatch (PI-LL), increased sagittal vertical axis (SVA), and
increased pelvic tilt (PT) correlate strongly with pain and disability in patients with ASD.

� The Scoliosis Research Society (SRS)–Schwab ASD Classification describes the location of the
scoliotic curve and uses 3 sagittal modifiers (PI-LL, SVA, and PT) to evaluate the sagittal plane
and correlate spinal deformity with patient pain and disability.

� Greater spinal deformity grade on the SRS-Schwab ASD Classification predicts patient disability.
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INTRODUCTION

Classification systems are created to provide
organization to pathologic conditions and provide
treatment options for disease states that share
a common theme. A classification ideally provides
a cohesive approach to the disease state that (1)
identifies different severities of the disease state
(often in a hierarchical manner), (2) facilitates
communication between health care providers
and researchers to assure accuracy and repro-
ducibility in describing the disease state, (3) allows
for comparison of different treatment methods
and, as a consequence, (4) allows for creation of
accurate treatment recommendation guidelines.
From a statistical standpoint, a classification sys-
tem should have high construct validity (the extent
to which classification accurately measures the
disease state) and high reliability as shown by
high intrarater reliability (consistent grading by
1 rater at different time points) and inter-rater reli-
ability (consistent grading by different raters). The
classification should also have high reproducibility
(the degree of agreement between measurements
on replicate specimens in different locations by
different observers). This article provides an over-
view of existing classification systems for spinal
deformity and highlights the challenges of creating
an effective classification for adult spinal deformity
(ASD). This article then focuses on the Scoliosis
Research Society (SRS)–Schwab ASD Classifica-
tion, including the rationale behind the develop-
ment of the SRS-Schwab ASD Classification,
guidelines for use of the SRS-Schwab ASD Classi-
fication, and initial data on use of the classification.
BACKGROUND ON SPINAL DEFORMITY
CLASSIFICATION SYSTEMS

Most classifications traditionally used to describe
spinal deformity have been oriented toward pedi-
atric spinal deformities. In the past, the King-Moe
Classification for Adolescent Idiopathic Scoliosis
(AIS) has been the standard to describe scoliosis.1

The principle benefit of the King-Moe classification
was that it provided a treatment algorithm based
on curve type that allowed surgeons to determine
the appropriate curves and vertebral levels for
spinal fusion. Five types of curves were described
in detail including type I, a double major curve, in
which the thoracic and lumbar curves are consid-
ered structural and both curves should be in-
cluded in the fusion; type II, a single major curve,
in which the thoracic and lumbar curves cross
the midline (center sacral vertical line [CSVL]),
but the thoracic curve is larger and more rigid
than the lumbar curve and therefore the thoracic
curve is structural and only the thoracic curve
should be included in the fusion; type III, in which
only the thoracic curve crosses the midline, and
only the thoracic curve should be included in the
fusion; type IV, a long, sweeping thoracic curve
in which L4 is titled toward the thoracic curve
and L5 is centered over the sacrum, distal fusion
level recommended to be the first vertebra bi-
sected by the CSVL; type V, a double thoracic
curve pattern in which the proximal and main
thoracic curves are considered structural and are
included in the fusion (Fig. 1).
The King-Moe system remained the principal

classification for AIS for more than 20 years,
guiding evaluation and treatment; however,
several limitations of the King-Moe system have
been highlighted. First, the King-Moe system is
not comprehensive, because isolated thoracolum-
bar and triple major curves were not described. All
patients in the King and colleagues1 series
received Harrington rod instrumentation that solely
corrected deformity in the coronal plane via
distraction, therefore the deformities were evalu-
ated only in the coronal plane, failing to recognize
scoliosis as a three-dimensional deformity and the
need to assess the coronal, sagittal, and axial
planes. The King-More system has also shown
fair to poor interobserver and intraobserver valid-
ity, reliability, and reproducibility by 2 separate
studies.2,3 In response to these shortcomings,
Lenke and colleagues4 developed a classification
system for the operative treatment of AIS. This
classification was designed to be (1) comprehen-
sive, to include all AIS curve types; (2) provide
two-dimensional analysis with increased em-
phasis on evaluation of the sagittal plane; (3) treat-
ment based, advocating selective arthrodesis only
of the structural curves; and (4) provide objective
criteria to differentiate individual curve types and
provide guidelines for fusion. The Lenke classifica-
tion describes 3 curve regions (proximal thoracic
[PT], apex at T3, T4, or T5; main thoracic [MT],
apex between T6 and the T11–T12 disc; and thor-
acolumbar/lumbar [TL/L], apex at T12 or L1 for
thoracolumbar curves, and between the L1–L2
disc and L4 for lumbar curves) and 2 curve types
(major curve, the largest measured curve; minor
curve, the smaller curves). The minor curves are
then established as structural or nonstructural by
evaluating curve flexibility and sagittal alignment.
Structural curves show coronal plane rigidity
(do not reduce less than 25� on side bending
radiographs) and/or are focally kyphotic in the
sagittal plane (focal kyphosis >20�). Focal
kyphosis for the described curve regions is
measured in the following areas: PT, T2 to T5;
MT, T10 to L2; and TL/L, T10 to L2. Using the



Fig. 1. King-Moe Classification for Thoracic Idiopathic Scoliosis. (Adapted from King HA, Moe JH, Bradford DS,
et al. The selection of fusion levels in thoracic idiopathic scoliosis. J Bone Joint Surg Am 1983;65:1302–13; with
permission.)
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Lenke classification, 6 curve types can be as-
signed according to the identified major and minor
structural curves, and are named according to the
identified structural curves: type 1, MT curve
(structural); type 2, double thoracic (PT and MT
curves are structural); type 3, double major (MT
and TL/L curves are structural, MT is larger on
standing radiographs); type 4, triple major (PT,
MT, and TL/L curves are structural); type 5, thora-
columbar/lumbar (TL/L curve structural); and type
6 (MT and TL/L are structural, TL/L is larger on
standing radiographs). Treatment guidelines re-
commend selective fusion, advocating fusion
only of those curves that are structural as per the
classification guidelines (Fig. 2).

The Lenke classification has been widely
adopted for evaluation and treatment of AIS, with
excellent success. However, despite the initial
usefulness of the King-Moe and, subsequently,
the Lenke classifications to describe AIS, there
have been attempts to apply many of these
same classification guidelines to ASD. The error
in applying AIS and/or pediatric spinal deformity
assessment guidelines to creating an ASD classifi-
cation lies in heterogeneity of the clinical and
radiographic presentation of ASD. Although cos-
metic deformity and coronal malalignment are
the most common reasons for presentation and
treatment of pediatric patients with spinal defor-
mity, especially AIS, pain is the primary complaint
for patients with ASD.5–8 Effective AIS classifica-
tions have therefore focused on strategies to eval-
uate and treat scoliosis and coronal malalignment;
however, classifications for ASD must quantify the
major predictors of pain in the ASD population.
Early attempts at developing ASD classifications
by Aebi10 and by the SRS failed to integrate this
clinical component of pain in the ASD population,
and therefore, despite being descriptive of the
cause and observed radiographic parameters,
these classifications lacked clinical relevance.9,10

Scoliosis and coronal plane deformities are
common for both AIS and ASD; however, it has
been repeatedly shown that sagittal malalignment
is a fundamental component of ASD, and that
sagittal malalignment is a primary determinant of
pain and disability in the ASD population.6,11–14

One advantage of the Lenke classification is that
it calls for greater attention to the sagittal plane,
although it does so within the confines of defining
the structural behavior of a coronal deformity (idio-
pathic scoliosis) rather than purely quantifying the
amount of sagittal plane deformity. Based on
these concepts, initial work by Schwab and
colleagues8 established a foundation for a clinical
impact classification for ASD that integrated radio-
graphic parameters correlating with poor health-
related quality of life (HRQOL) parameters.15–17

This initial classification by Schwab and
colleagues17 described 5 types of scoliosis based
on the apical level of the curve: type I, thoracic
only; type II, upper thoracic major (apex T4–T8);
type III, lower thoracic major (apex T9–T10); type
IV, thoracolumbar major curve (apex T11–L1);
type V, lumbar major curve (apex L2–L4). Two
radiographic parameters were then added as
modifiers to the curve type: lumbar lordosis and
intervertebral subluxation. Loss of lumbar lordosis
and increased intervertebral subluxation corre-
lated with poor HRQOL scores, so it is these modi-
fiers that denoted the clinical impact of this
classification. Soon after publication, it was recog-
nized that global sagittal malalignment, measured
by sagittal vertical axis (SVA; distance from the C7
plumb line to the posterior, superior corner of S1)
is an equally important predictor of poor HRQOL



Fig. 2. Lenke Classification for Adolescent Idiopathic Scoliosis. (Adapted from Lenke LG, Betz RR, Harms J, et al.
Adolescent idiopathic scoliosis: a new classification to determine extent of spinal arthrodesis. J Bone Joint Surg
Am 2001;83:1169–81; with permission.)
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scores as regional sagittal malalignment (loss of
lumbar lordosis). Therefore the classification
added a third modifier, termed the global balance
modifier, as a final component to describe the
radiographic deformity and predict the associated
disability (Box 1).
SRS-SCHWAB ASD CLASSIFICATION

The Schwab Clinical Impact Classification repre-
sented an advance in the manner by which ASD
is classified because it highlighted radiographic
parameters that correlate with pain and disability
in ASD. However, further research has shown
that lumbar lordosis (LL) and SVA alone do not
provide a complete picture of the disorders
leading to sagittal malalignment.18–20 The impor-
tance of pelvic alignment to the maintenance of
upright posture has been increasingly empha-
sized, leading to the concept of spinopelvic align-
ment as a more complete description of the
physiologic mechanisms used to maintain
standing upright posture.21–24 Pelvic measure-
ments include pelvic incidence (PI), which is
a fixed, morphologic parameter, and 2 dynamic
parameters that reflect compensatory changes
within the pelvis to maintain upright posture: pelvic
tilt (PT) and sacral slope (SS; Fig. 3). Pelvic retro-
version is a compensatory mechanism used to
maintain upright posture in the setting of sagittal
malalignment. Increased PT indicates pelvic retro-
version, and has been shown to correlate with
poor HRQOL.12 PT has also been described to
normalize (relaxation of pelvic retroversion) in
conjunction with improved SVA following lumbar
osteotomy procedures.25 PI is a morphologic



Box 1
Schwab Clinical Impact Classification for ASD

Type: location of the deformity (apical level of
the major curve or sagittal plane only)

Type I: thoracic-only scoliosis (no thoraco-
lumbar or lumbar component)

Type II: upper thoracic major, apex T4 to T8
(with thoracolumbar or lumbar curve)

Type III: lower thoracic major, apex T9 to T10
(with thoracolumbar/lumbar curve)

Type IV: thoracolumbar major curve, apex
T11 to L1 (with any other minor curve)

Type V: lumbar major curve, apex L2 to L4
(with any other minor curve)

Type K: deformity in the sagittal plane only

Lordosis modifier: sagittal Cobb angle from T12
to S1

A: marked lordosis greater than 40�

B: moderate lordosis 0�–40�

C: no lordosis present Cobb less than 0�

Subluxation modifier: frontal or sagittal plane
(anterior or posterior), maximum value

0: no subluxation

1: subluxation 1 to 6 mm

1 1: subluxation greater than 7 mm

Global balance modifier: sagittal plane C7
offset from posterior superior corner S1

N: normal (0–4 cm)

P: positive (4–9.5 cm)

VP: very positive (>9.5 cm)

Adapted from Schwab F, Lafage V, Farcy JP, et al.
Surgical rates and operative outcome analysis in thor-
acolumbar and lumbar major adult scoliosis: applica-
tion of the new adult deformity classification. Spine
2007;32:2723–30; with permission.
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parameter, and therefore, as an isolated measure,
PI provides limited information; however, the rela-
tionship of PI to LL provides valuable information
regarding the patient’s sagittal spinopelvic align-
ment and provides surgeons with reconstructive
requirements to restore a physiologic sagittal
profile. In line with these findings, work by Lafage
and colleagues12 and Schwab and col-
leagues13,14,26 has led to the discovery of
threshold spinopelvic parameters for pain and
severe disability. Values including PT greater
than 22�, PI-LL greater than 11�, and SVA greater
than 46mm have been shown to correlate with Os-
westry Disability Index (ODI) scores greater than
40 (severe disability) in a prospective cohort of
patients with ASD.26 The Schwab classification,
in conjunction with efforts through the SRS, was
consequently updated to reflect these data and
create the SRS-Schwab ASD Classification.27
RADIOGRAPHIC ANALYSIS AND
CLASSIFICATION

Accurate radiographic analysis of ASD requires
full-length frontal and lateral radiographs that visu-
alize C7 and the bilateral femoral heads. As an
overview of the SRS-Schwab ASD Classification,
the 2 primary components of the classification
include (1) coronal curve type (assessment of the
frontal plane deformity by denoting the location
and magnitude of scoliotic curves) and (2) sagittal
modifiers (assessment of the sagittal plane defor-
mity via PI-LL, SVA, and PT as referenced earlier).
The sagittal modifiers are then graded by the
severity of the deformity (Fig. 4).12–14,22,26

The curve type is assigned based on the loca-
tion and Cobb angle of the scoliotic curve(s).
Only curves greater than 30� are considered for
classification. Curve types include type T (isolated
major thoracic curve >30�, curve apex at T9 or
cranial), type L (isolated thoracolumbar or lumbar
curve >30�, curve apex at T10 or caudal), type D
(double major curve in which the thoracic and thor-
acolumbar/lumbar curves are >30�), and type N
(normal; no scoliotic curve >30�).

The first sagittal modifier, PI-LL modifier,
measures the PI/LL mismatch, providing an
assessment of the amount of disharmony between
the patient’s morphologic PI and corresponding
LL. LL should be within 10� of PI, consequently
patients with PI-LL less than 10� are assigned
a PI-LL modifier of 0. Patients with PI-LL between
10� and 20� are assigned PI-LL modifier of 1, and
patients with PI-LL greater than 20� are assigned
PI-LL modifier of 11.

Global alignment is the second sagittal modifier
and is assessed by SVA. As indicated earlier, SVA
should be greater than 40 mm of PI, consequently
patients with SVA less than 40 mm are assigned
the global alignment modifier 0. Patients with
SVA between 40 and 95 mm are assigned global
alignment modifier 1, and patients with SVA
greater than 95 mm are assigned global alignment
modifier 11.

Pelvic tilt is the third sagittal modifier. As indi-
cated earlier, PT greater than 20� reflects compen-
satory pelvic retroversion to maintain upright
posture, and has also correlated with pain and
disability. Patients with PT less than 20� are as-
signed PT modifier 0. Patients with PT between
20� and 30� are assigned PT modifier 1, and



Fig. 3. Sagittal spinopelvic parameters. PI, the angle between the line drawn perpendicular to the sacral end
plate at its midpoint and the line drawn from the midpoint of the sacral end plate to the midpoint of the bicox-
ofemoral axis; PT, the angle between the line connecting the midpoint of the sacral end plate to the midpoint of
the bicoxofemoral axis and the vertical; and SS, the angle between the horizontal and the upper sacral endplate.
(Adapted from Schwab F, Patel A, Ungar B, et al. Adult spinal deformity-postoperative standing imbalance: how
much can you tolerate? An overview of key parameters in assessing alignment and planning corrective surgery.
Spine (Phila Pa 1976) 2010;35:2224–31; with permission.)
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patients with PT greater than 30� are assigned PT
modifier 11 (Figs. 5 and 6).
In addition to correlating with pain and disability,

the sagittal modifiers can be used as a guideline
for surgical planning, because the modifiers
provide an objective measure for the amount of
sagittal spinopelvic deformity. Patients with a PI-
LL modifier 11, by definition, require an addition
of at least 10� of LL to restore the normal physio-
logic relationship between PI and LL. The global
alignment and PT modifiers, together, also provide
a guide for surgical planning, by denoting the
amount of sagittal plane deformity and compensa-
tory mechanisms the patient is using to maintain
Fig. 4. SRS-Schwab ASD Classification. (Adapted from Sc
Society-Schwab Adult Spinal Deformity Classification:
permission.)
upright posture. Patients with a high SVA and
high pelvic tilt have a greater sagittal deformity
and require larger sagittal plane correction than
patients with high SVA and normal pelvic tilt,
because effective correction for the patient with
high SVA and high PT requires not only reduction
of SVA but also normalization of PT. Evaluation
of patients having lumbar pedicle subtraction os-
teotomy (PSO) showed that PT reduces following
PSO procedures; however, high PT is also a risk
factor for residual sagittal deformity following
PSO.28 Patients with high PT and high SVA conse-
quently require a greater degree of osteotomy
resection at the PSO site and/or a combination
hwab F, Ungar B, Blondel B, et al. Scoliosis Research
a validation study. Spine 2012;37:1077–82; with



Fig. 5. Example of SRS-Schwab ASD Classification. Patient has a thoracic curve of 30�, a PI-LL of 51� (PI 5 86�,
LL 5 35�), a pelvic tilt of 50�, and an SVA of 13.1 cm. The patient therefore has a classification grade of T,
PI-LL11, PT11, SVA11.

Fig. 6. Example of SRS-Schwab ASD Classification. Patient has thoracic and lumbar curves greater than 30�, a PI-LL
of 26� (PI 5 71�, LL 5 68�), a pelvic tilt of 24�, and an SVA of �4.5 cm. The patient therefore has a classification
grade of D, PT1.

Classifications for Adult Spinal Deformity 191
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of other corrective techniques to prevent residual
postoperative sagittal deformity.
In order to have practical value, a classification

must balance information provided, ease of use,
and ability to generate consistent classification
ratings for the same user and between users. Initial
data on the use of the SRS-Schwab ASD Classifi-
cation reported good to excellent intrarater reli-
ability (mean kappa score range 0.88–0.97 for
curve type and sagittal modifiers; mean kappa
total grade 0.87) and good to excellent inter-rater
reliability (mean kappa score range 0.75–0.98 for
curve type and sagittal modifiers; mean kappa
total grade 0.70–0.79), reflecting relative ease of
use and consistent user scores.27 As a conse-
quence of the methodology used to create the
classification, the classification has been shown
to predict patient disability and patient preference
for operative versus nonoperative treatment.
Prospective evaluation of a consecutive cohort of
operatively and nonoperatively treated patients
with ASD using the SRS-Schwab Classification
showed that operatively treated patients had
worse HRQOL scores and worse sagittal modifier
grades on all sagittal modifier categories than
patients treated nonoperatively.29 The classifica-
tion has also been shown to be responsive to
change in disability and disease state as a result
of treatment. Smith and colleagues30 evaluated
whether the classification could predict changes
in HRQOL values following treatment using
a prospective, consecutive cohort of operatively
treated patients with ASD. Change in SVA modifier
at 1 year was associated with changes in ODI,
Short Form 36 (SF-36) physical component score
(PCS), and SRS-22 questionnaire total and all sub-
scores. Change in PI-LL modifier at 1 year was
associated with changes in SF-36 PCS and SRS-
22 total score and subscores. Changes in SVA
and PI-LL modifiers were associated with likeli-
hood of achieving minimal clinically important
difference for ODI and SRS subscores.
SUMMARY

Classifications for spinal deformity provide
a common language for surgeons, health care
providers, and researchers to effectively identify
and communicate details regarding specific
subsets of the disease state. Most existing spinal
deformity classifications are rooted in pediatric
spinal deformity, and, more specifically, AIS.
Although these classifications have improved
care for pediatric patients, the fundamental
concepts behind these classifications do not
effectively evaluate ASD, and therefore cannot
fully describe the diverse disease states of ASD.
A primary goal when treating pediatric spinal
deformity is preventing scoliosis progression,
therefore the classifications have focused on iden-
tifying structural curves most at risk for progres-
sion and requiring treatment. Relief of pain and
disability is the primary treatment goal for ASD,
therefore classifications that describe ASD should
identify features most predictive of pain and
disability. The clinical impact classifications devel-
oped first by Schwab and colleagues and then
collaboratively between Schwab and the SRS
represent an attempt to communicate these clin-
ical aspects of ASD.
Sagittal spinopelvic alignment has emerged as

a critically important concept for ASD, because
sagittal spinopelvic malalignment has repeatedly
been shown to correlate with pain and disability
in ASD. Assessment of sagittal spinopelvic param-
eters and integration of these parameters into
a classification for ASD are consequently as
fundamentally important as scoliosis assessment
is for AIS classification. The SRS-Schwab ASD
Classification assesses deformity in the coronal
and sagittal plane, but the distinctive feature of
the classification is the use of the sagittal modifiers
(PI-LL, SVA, and PT) to both quantify the deformity
and correlate with patients’ pain. This HRQOL
predictive component of the classification has
been demonstrated in a prospective cohort of
patients with ASD.29 The classification has also
shown responsiveness to changes in disease
state, because improvement in sagittal modifiers
following deformity correction has been shown to
correlate with improvement in HRQOL scores.30

Further research using the SRS-Schwab ASD
Classification will focus on widespread adoption
of the classification and further validating the clin-
ical usefulness of the classification by identifying
the deformity parameters that are most responsive
to different treatment modalities.
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