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Abstract

Purpose For spine curvatures with Cobb angles > 100°, curve classification and characterization become more difficult with
conventional radiographs. 3-D computerized axial tomography scans add relevant information to categorize and describe a
new classification to aid preoperative assessment in communication and patient evaluation. The purpose of this study is to
describe a radiographic classification system of curves exceeding 100°.

Methods A consecutive series of patients with curves exceeding 100° underwent a full spine radiographic review using
conventional radiographs and 3-D CT. A descriptive analysis was performed to categorize curves into 4 main types (1, 2,
3 and 4) and 6 subtypes (1C, 1S, 1CS, 2P, 2D and 2PD) based on the location of the Cobb angle of the major scoliotic and
kyphotic deformity as well as the location of the upper/lower end vertebra relative to the apical vertebra.

Results A total of 98 patients met the inclusion criteria. There were 51 males and 47 females with an average age of
17.8 £4.5 years. The diagnosis included idiopathic (48); congenital (24); neuromuscular (4); and neurofibromatosis (2). The
mean major coronal and sagittal Cobb (kyphosis) were 131.2°+23.4° and 154 +45.6, respectively. The classification scheme
yielded 4 main types (1, 2, 3 and 4) and 6 subtypes under types 1 and 2 (1C, 1S, 1CS, 2P, 2D and 2PD).

Conclusions Our study describes a novel method of classifying severe spinal curvatures exceeding 100° using erect AP/
lateral radiographs and 3-D CT reconstructive images. We hope that the descriptive analysis and classification will expand
our understanding of these complex deformities.
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Introduction

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00586-019-05963-w) contains

supplementary material, which is available to authorized users. Classification schemes for the musculoskeletal system are

vital in assessing the natural history, treatment and prog-
Extended author information available on the last page of the article nosis of various conditions [1, 2]. Moreover, classification
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schemes allow for efficient communication between treating
clinicians and allow for consistency in research studies. The
most popular and widely used classification systems in the
treatment of scoliosis are the King—Moe and Lenke clas-
sifications [3, 4]. King et al. introduced the first set of clas-
sifications in 1983 for idiopathic scoliosis, the King—Moe
classification, which categorized the thoracic curvature into
types I-V. Later in 2001, Lenke et al. developed a three-
component classification, for adolescent idiopathic scoliosis
(AIS) that incorporates curve type, a lumbar spine modifier
and a sagittal thoracic modifier [4]. The addition of sagittal
modifiers enhances the utility of Lenke’s classification by
addressing limitations of the King—Moe’s classification for
selection fusion in AIS patients.

While the King and Lenke classifications are instrumen-
tal in treatment of AIS, a limitation of both classifications
is their applicability to severe kyphoscoliosis. This subset
of patients with spinal curvatures exceeding 100° in coro-
nal and/or sagittal planes exhibits radiographic and clinical
characteristics that are unique to this deformity and present
significant treatment challenges. In adult spinal deform-
ity, Schwab and associates of the ISSG have attempted to
classify adult spine deformity utilizing the coronal, sagittal
and pelvic parameters to aid in treatment methods, selec-
tion and prognostication [5]. More recently, Lamartina et al.
and Berjano et al. have also provided an adult deformity
classification with an emphasis on sagittal alignment and
degenerative segment disease, respectively [6, 7]. However,
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Fig. 1 Classification algorithm used to classify curve types in this study

Table1 Summary of

3 . Type Coronal Sagittal UEV touches bisecting LEV touches bisect-
classification types horizontal apical line ing horizontal apical

line

1C > 100° < 100° No No

1S < 100° > 100° No No

1CS > 100° > 100° No No

2P (partial omega) > 100° > 100° Yes No

2D (half omega) > 100° > 100° No Yes

2PD (full omega) > 100° > 100° Yes Yes

3 (gamma) < 100° > 180° Yes Yes

4 (alpha) < 100° > 180° Yes Yes
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Table 2 Patient demographics and preoperative variables

Variables Total n=98) 1C (n=9) IS (n=2) 1CS (n=43) 2P (n=21) 2D (n=2) 2PD(n=1) Gamma Alpha (n=4)
(n=16)
Age (years) 17.8+4.5 17.7+£3.7 13.2 175+ 4 189 £5.8 19.5 22.5 17.9+4.1 17.2+4.2
Sex (no.) F (D F(8) F(1) F (20) F(8) FQ2)M(©) F() F () F(Q)
M (47) M (1) M (1) M (23) M (13) M (0) M (7) M (2)
BMI (kg/m?) 18.4+29 19.4+33 15.7 182+32 175+24 19.8 17 19.4+2.7 21.5+1.2
Median pre-op 5 [4-5] 4 [3-4] 0 5[3-5] 5 [4.75-5] 5 5 5[4.75-5] N/A
Risser [IQR]
Pre-op length  111.3 +41.5 104.3+59.9 42 92.8 +284 126.1 +£25.5 117.5 239 125+49.6 134.0+47.0
in halo (days)
Diagnosis: 36 2 2 13 6 1 0 11 0
congenital
(no.)
Diagnosis: idi- 51 6 0 29 11 1 1 1 2
opathic (no.)
Diagnosis: 4 1 0 1 2 0 0 0 0
neuromuscu-
lar (no.)
Diagnosis: 7 0 0 0 2 0 0 3 1
neurofi-
bromatosis
(no.)
Diagnosis: 2 0 0 0 0 0 0 1 1

post-TB (no.)

there are severe and complex deformities that span various
diagnostic categories in both adolescent and adult for whom
conventional classifications do not lend themselves to simple
descriptive terminology and treatment methods.

Herein, we describe a new classification scheme of severe
kyphoscoliosis by utilizing both conventional radiographs

Table 3 Preoperative radiographic data

and 3-dimensional (D) CT scans to better define the curve
characteristics in both coronal and sagittal planes for curves
exceeding 100°. We hope that the findings in this study
will provide some insight into the unique characteristics
and treatment strategies in this very challenging patient
population.

Variables Total m=98) 1C(n=9) 1S(=2) ICS (n=43) 2P (n=21) 2D (n=2) 2PD (n=1) Gamma (n=16) Alpha (n=4)
Major Cobb® 131.2+234 120+£82 79.6 127.7 £ 15.8 1459 +27.6 135.6 171 N/A N/A
Curve region T (54) T(3) T (1) T (28) T (14) T (1) T (1) T(5) T (1)

(no.) TL (44) TL (6) TL (1) TL (15) TL (7) TL (1) TL (11) TL (3)
Direction of L (27) L2 L) L (20) L&) L (0) L (0) N/A N/A

curve L/R R (71) R (7) R (1) R (23) R (17) R (2) R (1)

(no.)
Median levels 8 [7-8] 7 [6-8] 7 717-8] 8 [7-9] 9 8 N/A N/A

[IQR]
Minor Cobb® 69.4+18.2 76.4+12.3 445 68.6+ 135 713+27.1 656 69 N/A N/A
Direction of L (53) L) L) L (25) L17) L) L (1) N/A N/A

curve L/R R (25) R (2) R (1) R (18) R 4) R (0) R (0)

(No.)
Median levels 6 [5-6] 5[5-6.25] 5 6 [5-6] 6 [5-6] 5 5 N/A N/A

[IQR]
Kyphosis® 154 +45.6 81.6+18.1 113.2 131.8 £21.0 1693 +14.5 1575 176 216.7+22.2 238.0+6.5
Median levels 7 [6-8] 7 [7-8] 6 8 [7-9] 8 [7-9] 8 8 4 [3.75-6] 5[4.75-5.75]

[IQR]
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Methods
Study design

This is a prospective case series of seventy-eight consecutive
patients with coronal and/or sagittal curves exceeding 100°
who were treated from January 2012 to December 2015.
All patients were evaluated at a single specialty hospital
in West Africa. Institutional Review Board (IRB) approval
was obtained prior to initiation of the study. The inclusion
criteria were: (1) curve magnitude > 100° in sagittal and/or

Table 4 Post-traction results

coronal planes on preoperative erect AP/lateral X-rays, (2)
visible radiographic images permissive to accurate radio-
graphic measurements, (3) the presence of 3-D CT recon-
structive images.

Demographic information including age, sex, body mass
index (BMI) and preoperative diagnosis was collected.
Radiographic data from erect anterior—posterior (AP) and
lateral views and 3-D CT reconstructions were collected and
analyzed. Pre- and post-halo-gravity traction X-rays were
also analyzed to provide a surrogate for curve flexibility.

Variables Total (n=100) 1C (n=9) 1S (®=2) 1CS (n=43) 2P (n=21) 2D ®=2) 2PD (rn=1) Gamma Alpha (n=4)
(n=16)
Lengthin trac- 106.2 +38.2  104.3+59.9 42 92.8 +284 126.1 +25.5 117.5 239 125+49.6 134.0+47.0
tion (days)

Major Cobb® 929 +16.5 89.5+55 624 92.6+153 92+ 14 109.2 134 N/A N/A
Correction (%)  30.0 +11.4 26 £2.2 30.5 28.1+109 356+123 20.1 22 N/A N/A

Minor Cobb® 50.3 +16.6 67.7+22.1 25.5 50+10.7 46.5+20.7 579 34 N/A N/A
Correction (%)  27.6 £21.0 19.7 £ 16.4 42.8 275+202 328+189 11.1 51 N/A N/A
Kyphosis® 117.4 + 48.5 60.3 +£26.2 67.8 915+17.6 113.8+13.6 141.1 171 157.6 £ 58.8 2383+ 109
Correction (%) 29.3 +17.7 46.3 +39.8 33.3 309+ 125 33+72 9.6 3 27.8 +23.1 0+0.1

i 212011002 M\ -ogeml
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Fig.2 Type 1C: AP (left), lateral (middle) and 3-D CT (right) images
depicting an example of a type 1C curve. This curve type features a
coronal Cobb of > 100° and a sagittal Cobb < 100°. The bisecting api-
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Fig.3 Type 1S: AP (left), lateral (middle) and 3-D CT (right) images
illustrating an example of a type 1S curve. This curve type has a coro-
nal Cobb of <100° and sagittal Cobb>100°. The bisecting apical

Radiographic assessments and classification were performed
by two fellowship trained spine surgeons.

As this study is a descriptive radiographic study, patient-
reported outcomes are not provided in this study.

Classification principles

All patients with curve magnitude > 100° were classified
using a combination of erect AP/lateral X-rays and 3-D CT
reconstruction. The 3-D CT reconstruction was a prerequi-
site for inclusion into this study due to the complex anatomic
3-D configuration of the deformities. The classification algo-
rithm is shown in Fig. 1.

Type 1
The first step in the classification scheme was to identify

on erect AP and lateral 36-inch radiographs if the major
curve > 100° exists in either the sagittal (1S) or coronal (1C)

220l
HOTIT2 1100

MA Ob:8b:T T SO\EOW

horizontal line is depicted on the 3-D CT along with the UEV and
LEV marked by star symbol

plane or both (1CS). The second step required a CT recon-
struction to identify the location of the proximal upper end
vertebra (UEV) and distal lower end vertebra (LEV) of the
major curve relative to the apical vertebra. A horizontal line
is then drawn bisecting the apical vertebra. If the UEV and
LEV remained above and below the horizontal line, respec-
tively, the curve was assigned a prefix of 1 and was classi-
fied as either 1C (coronal curve > 100°, sagittal < 100°), 1S
(sagittal > 100°, coronal < 100°) or 1CS (both coronal and
sagittal > 100°).

Type 2

Any curvature in which the end vertebra was positioned
at the level of, above or below the apical vertebra (hori-
zontal line bisecting it), was assigned with a prefix number
2. If the UEV was positioned at the level of or below the
bisecting horizontal apical line, the curve was classified
as 2P. If the LEV was positioned at the level of or above

@ Springer
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Fig.4 Type 1CS: AP (left), lateral (middle) and 3-D CT (right)
images illustrating an example of a type 1CS curve. This curve type
has BOTH coronal and sagittal Cobb magnitudes of >100° and the

the bisecting horizontal apical line, the curve was classi-
fied as 2D. If the UEV was positioned at the level of or
below and the LEV was positioned at or above the bisecting
horizontal apical line, the deformity was classified as 2PD.
The resulting structure of this 2PD deformity assumes the
shape of the Greek alphabet Omega (€2) and as such we
coined the term “omega deformity” to describe this subtype
of severe kyphoscoliosis. Curves 2P and 2D curves do not
form a full omega sign and as such referred to as “partial or
pseudo-omega.”

Type 3

Type 3 curvatures were described as curves that exhibited
vertebral transposition in the coronal and sagittal planes. The
“transposition” implies complete displacement of a horizon-
tal vertebral segment to lie side by side with the next seg-
ment. By virtue of demonstrating complete transposition,
the sagittal Cobb measurement always exceeded > 180°. The
shape of the resultant curve assumed the shape of the Greek
alphabet “gamma (y).” In the coronal plane, the transposition
resembles a “bayonet.”

@ Springer
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upper and lower end vertebras positioned above and the bisecting api-
cal horizontal line depicted on the 3-D CT along with the UEV and
LEV marked by star symbol

Type 4

Type 4 curves were the most severe type of curves. In the
coronal plane, the spine consists of an upper vertical seg-
ment, a horizontal middle segment and a lower vertical seg-
ment, assuming the shape of the Greek letter “alpha (@).” In
the sagittal plane, the curve resembles a gamma deformity,
but the coronal plane exposes the hidden horizontal segment
which is imperative to be recognized preoperatively.

Demographic, clinical and preoperative radiographic
assessments

Demographic variables evaluated included age, gender,
and body mass index (BMI). Preoperative diagnosis was
classified as congenital, idiopathic, neuromuscular (NM),
neurofibromatosis (NF). The length of preoperative halo-
gravity traction was recorded.

Pre- and post-halo-gravity erect AP/lateral upright
radiographic parameters were collected on all patients
and included the major and minor coronal and sagittal
Cobb angles, curve region (thoracic vs. thoracolumbar),
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Fig.5 Type 2P: lateral (left), AP (middle), 3-D CT (right) images
depicting an example of a type 2P curve. This curve has both coronal
and sagittal Cobb> 100°. The proximal end vertebra is positioned at

direction of curve (left or right), levels involved and Ris-
ser grade for skeletal maturity. 3-D CT scans with recon-
struction were also performed for each patient and were
instrumental in providing superior anatomical detail to
accurately define each curvature.

Statistical analysis

Parametric data were expressed as mean + standard devia-
tion (SD). Nonparametric data were expressed as median
[interquartile range]. Statistical analysis was performed
using IMP®, version 13. SAS Institute Inc., Cary, NC,
1989-2007.

Results

A total of 116 patients with curves > 100° were treated
between 2012 and 2016. Ninety-eight (98) patients met the
inclusion criteria and were classified into their respective
categories using the aforementioned classification scheme
detailed in the methods. The classification scheme yielded

the level of the bisecting apical horizontal line. The UEV and LEV
are marked by star symbol

a total of 4 main types (1, 2, 3 and 4) and 6 subtypes under
types 1 and 2 (1C, 1S, 1CS, 2P, 2D and 2PD) (Table 1). A
summary of demographic and radiographic data is shown
in Tables 2 and 3, respectively. Post-halo-gravity radio-
graphic results are shown in Table 4. A detailed analysis of
each curve, its characteristics and response to halo-gravity
traction is described below.

Subtype analysis
Type 1C

Type 1C in which the coronal curve alone meas-
ures > 100° is depicted in Fig. 2. Nine (8 females, 1 male,
mean age 17.7 + 3.7 years) out of 98 patients (9.1%) met
this description. The most common diagnosis was idi-
opathic (6), followed by congenital (2) and neuromuscu-
lar (1). The mean coronal and sagittal Cobb angles were
120°+8.2° and 81.6°+ 18.1°, respectively. All patients
in this category underwent halo-gravity traction (mean
77.7+59.5 days) and achieved a mean correction of
26 +2.2% in the coronal curve and 46.3 +39.8% in the
sagittal curve.
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Fig.6 Type 2D: AP (left), lateral (middle), 3-D CT (right) images
depicting an example of a type 2D curve. This curve has both coronal
and sagittal Cobb>100°. The distal end vertebra is positioned at the

Type 1S

Figure 3 shows an example of type 1S kyphoscoliosis
described as a having only the sagittal Cobb of > 100°.
There were 2 patients (2.6%), mean age 13.2 years, in this
subtype, and both were diagnosed with congenital sco-
liosis. The mean coronal and sagittal Cobb angles were
79.6° and 113.2°, respectively. Both patients in this sub-
type underwent halo-gravity traction for 30 days which
resulted in a mean correction of 30.5% and 33.3% in the
coronal and sagittal curves, respectively.

Type 1CS

The 1CS (coronal > 100°, sagittal > 100°) is shown in
Fig. 4. The 1CS represented the most common subtype
in our cohort consisting of 43 patients (55%), 23 males
and 20 females. The mean age was 17.5+4 years. The
diagnosis consisted of idiopathic (29), congenital (13) and
neuromuscular (1). The mean coronal and sagittal Cobb
angles were 127.7°+15.8° and 131.8° +21.0°, respec-
tively. All 43 patients in this category underwent halo-
gravity traction (mean 82.4° +67.3° days). The mean cor-
rection post-traction in the coronal and sagittal curves was
28.1+10.9% and 30.9 +12.5%, respectively.
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level of the bisecting apical horizontal line. The UEV and LEV are
marked by star symbol

Type 2P

Type 2P curves (coronal and/or sagittal curves > 100° with
UEYV positioned at or below the apical vertebra) are shown in
Fig. 5. This group consisted of 21 patients (27%), 8 females,
13 males, mean age 18.9 +5.8 years. The diagnosis in this
category consisted of 11 idiopathic, 6 congenital, 2 neuro-
muscular and 2 neurofibromatosis. The mean coronal and
sagittal Cobb angles were 145.9°+27.6° and 169.3° +14.5°,
respectively. All patients underwent halo-gravity traction
(mean 106+42.9 days). The mean correction in the coronal
and sagittal curves was 35.6 +12.3% and 33 +7.2%).

Type 2D

Type 2D curves (coronal and/or sagittal curves > 100° with
LEV positioned at or above the apical vertebra) consisted of
2 female patients (2.6%), mean age 19.5 years. The diagnosis
in this category consisted of 1 idiopathic and 1 congenital
scoliosis. The mean coronal and sagittal Cobb angles were
135.6° and 157.5°, respectively. Both patients in this subtype
underwent halo-gravity traction for 72 days (mean) which
resulted in a mean correction of 20.1% and 9.6% in the coro-
nal and sagittal curves, respectively. A representative exam-
ple of this subtype is shown in Fig. 6.
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Fig.7 Type 2PD (Omega Q): lateral (left), AP (middle), 3-D CT
(right) images depicting an example of a type 2PD curve. This curve
has both coronal and sagittal Cobb> 100°. Both the proximal and dis-

Type 2PD

The type 2PD curve (coronal and/or sagittal curves > 100°
with both UEV and LEV are either positioned at the level of,
below or above the apical vertebra) was the least common
type of curve and consisted of only a 22-year-old female
patient. The coronal and sagittal Cobb angles were 171°
and 176°, respectively. After 205 days in traction, the curve
improved by 22% and 3% in coronal and sagittal planes,
respectively. Figure 7 illustrates the radiographs and 3-D
reconstruction images for this patient.

Type 3: gamma (y)

Type 3 curves exhibited a complete vertebral transposi-
tion in the sagittal plane (Fig. 8). There were 16 patients
(9 female, 7 males), mean age of 17.9 +4.1 in this cat-
egory. Unlike the omega deformities in which both coronal
and sagittal curves are large in magnitude, the gamma (y)
curves principally occurs in the sagittal plane with little
to no angular deformity in the coronal plane. The mean

tal end vertebras touch the bisecting apical horizontal line. The result-
ing structure of this deformity assumes the shape of the Greek alpha-
bet Omega (). The UEV and LEV are marked by star symbol

sagittal Cobb was 216.7° +22.2°. The final measurement is
reached by adding the angle subtended by the overlapping
segments to 180° (Fig. 9). All patients underwent halo-
gravity traction (mean 125 +49.6 days). The mean correc-
tion kyphosis following halo-traction was 157.8° +58.8°.

Type 4; alpha (a)

This curve type consisted of a vertical proximal segment,
horizontal middle segment and a vertical distal segment rep-
resented the most severe of the curves (Fig. 10). Similar to
gamma (y) curves, this curve type can only be appreciated
with a 3-D CT. A plain CT will underestimate the sever-
ity of this curve and could lead in inappropriate treatment.
There were a total of 4 patients (2 males, 2 females), mean
age 17.2+4.2. Using the gamma measurement technique,
the mean preoperative sagittal Cobb was 238° +6.5°. The
mean correction measurement following halo-traction was
238.3°+10.9° indicating a lack of response to halo-traction
in this subtype.
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Fig.8 Type 3 (gamma y): AP (left), lateral (middle), 3-D CT coro-
nal/sagittal (right) images depicting an example of a type 2PD curve.
Type 3 curves exhibit a complete vertebral transposition in the sag-
ittal plane and measured>180°. The “transposition” implies com-

Discussion

In this prospective case series of 78 patients with kyphosco-
liosis exceeding 100°, we report a new radiographic classifi-
cation to describe this complex deformity using erect AP/lat-
eral X-rays and 3-D CT reconstructive radiographic images.

Classification schemes facilitate communication, research
and aid in the development of treatment protocols for com-
plex pathologies [1, 2]. The King—Moe and Lenke classi-
fications are prime examples of the vitality of classifica-
tion systems in expanding our understanding of the natural
history and clinical characteristics of adolescent scoliosis
[3, 4]. Severe kyphoscoliosis unlike AIS is infrequently
encountered. The combination of its rare occurrence in
many developed countries and paucity of the literature of
its radiographic/clinical characteristics has contributed to
the magnificent treatment challenges that it poses. As a
prerequisite to gaining a thorough understanding of this
complex deformity, we have attempted in this study to pro-
vide a descriptive radiographic analysis of these complex
deformities. Whereas these severe forms of kyphoscoliosis
were previously thought by many to be congenital in nature,
we found that majority of patients (68%) in our cohort rather

@ Springer
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plete displacement of a horizontal vertebral segment to lie side by
side with the next segment. The resulting structure of this deformity
assumes the shape of the Greek alphabet gamma (y)

harbored untreated early onset idiopathic scoliosis. This is a
significant finding that provides some insight into the natural
history of untreated early onset scoliosis.

Curve rigidity/flexibility is an integral part of the preop-
erative radiographic assessment of severe spinal deformity.
Patients who are deemed to have rigid curves based on ini-
tial clinical exam and flexibility X-rays are recommended
to undergo halo-gravity traction. In our cohort, all patients

Fig. 9 Measurement technique for type 3 and type 4 curves: Due to
complete vertebral transposition, standard Cobb measurement tech-
niques cannot be used to measure type 3 and 4 curves. The final curve
magnitude is reached by adding the angle subtended by the overlap-
ping segments to 180°



European Spine Journal (2019) 28:1265-1276

1275

Fig. 10 Type 4 (alpha a): AP (left), lateral (middle), 3-D CT sagit-
tal/coronal (right) images illustrating an example of a type 4 curve.
In the coronal plane, the spine consists of an upper vertical segment,

underwent halo-gravity traction (90 +60.4 days). The trac-
tion resulted in a mean improvement in the coronal and sag-
ittal curve magnitude of 30 and 31.5%, respectively. Depend-
ing on the magnitude of improvement, patients with type 1
and 2 curves can change curve types into a less severe sub-
type. However, patients with type 3 and 4 curves maintain
their primary curve morphology even with improvements
following halo-traction. One can infer the impact that this
improvement can make in the intraoperative positioning,
achievement of optimal correction and perhaps reducing
the need for complex three column osteotomies. Further,
the impact of traction on improving pulmonary function has
been previously reported [8—10].

The 3-D configuration of these severe deformities neces-
sitates advanced imaging to be able to recapitulate the ana-
tomic detail of each deformity. This is especially true for
type 2, 3 and 4 curves. Plain radiographs inherently lack the
anatomic detail necessary to understand the complex nature
of these deformities. A unique feature of this classification
scheme therefore is its reliance on 3-D CT reconstructions
to provide superior bony anatomic detail. It is our firm belief
that a solid understanding of the 3-D configuration of these
deformities should be obtained prior to surgical intervention.
With the advent of 3-D printing, a 3-D model can also be
created to have a physical object with which one can plan a
surgical procedure.

A strength of our proposed classification is the rela-
tive simplicity with only 4 main types. As we gain further
in-depth understanding of each subtype and its clinical

a horizontal middle segment and a lower vertical segment, assuming
the shape of the Greek alphabet (alpha )

implications, we anticipate modifications to occur. However,
we hope this initial proposed classification will be useful as
a systematic approach to evaluate and describe this unique
subset of patients.

This study has limitations ensuing possible implications
for its interpretation. First the number of patients included
in this study is relatively small and therefore it is very
plausible that other subtypes of complex kyphoscoliosis
exist but not captured in this study. Second, due to the
radiographic nature of this study, we did not report opera-
tive details and clinical outcomes. Further, there exists
heterogeneity in the diagnosis of patients in this study and
while, for example, two patients with different diagnosis
may have the same radiographic classification, their under-
lying clinical diagnosis may completely change the clinical
behavior of those curves. Lastly, it is worth mentioning
that the definition of UEV and LEV was identified based
on CT scans which were obtained in a recumbent position.
In flexible curves, the true UEV and LEV may differ in
the erect and recumbent positions and could potentially
influence the choice of instrumented levels.

Conclusions
Severe kyphoscoliosis has been difficult to classify due

to limitation of conventional radiographs. Our study
describes a novel method of classifying the complex

@ Springer



1276

European Spine Journal (2019) 28:1265-1276

kyphoscoliosis exceeding 100° using erect AP/lateral
radiographs and 3-D CT reconstructive images. We
hope that the descriptive analysis and classification will
aid in expanding our understanding of these complex
deformities.
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