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Abstract

Introduction Surgical treatment of AIS aims to correct the coronal and sagittal alignment of the spine. The global alignment
of the spine may be normalized through reciprocal changes between the fused spine and adjacent segments. We propose a
new classification system describing the specific sagittal patterns induced by AIS to define reproducible guidelines for the
surgical strategy.

Methods We analyzed 100 consecutive AIS patients aged between 12 and 18 years candidate for spinal fusion. The follow-
ing parameters were measured and compared for each pattern: spino-pelvic parameters, magnitude and length of the lumbar
sagittal angle, magnitude and length of the thoracic sagittal angles (T1T12 and T4T12 angles, TKmax), T10 L2 angle, C7
slope and C2C7 angle.

Results Three parameters strongly differentiated the four patterns: thoracic sagittal angles (T1T12 and T4T12 angles,
TKmax), T10 L2 angle and C7 slope. Less than half of the patients (44%) had a normal sagittal shape. Within, Type 2
characterized by thoracic hypokyphosis, Type 2a (thoracic hypokyphosis) were mostly Lenke type 1 or 2 curves, and type
2b (thoracic hypokyphosis with TL kyphosis) occurred specifically in double major or TL/L curves. Type 3 were two-curve
sagittal shape with cervicothoracic kyphosis and TL lordosis (9%), mainly in Lenke 1 curves.

Discussion This new classification summarizes all the pathological scenarios of the sagittal alignment of AIS into four pat-
terns. A specific surgical planning can be extrapolated for each pattern. In type 1, the objective is to preserve the sagittal
shape. In type 2, the objective is to restore thoracic kyphosis. In type 2b, TL junction should be straightened. In type 3, the
objective is to reshape the lower arc of thoracic sagittal angle and straighten the TL junction.

Graphical abstract These slides can be retrieved under Electronic Supplementary Material.

Key points Take Home Messages

. Type 1 has a harmonious sagittal alignment which should be
preserved. Correction should respect the length and magnitude of
thoracie kyphosis.

. Type 2, characterized by thoracic hypokyphosis, requires thoracic
kyphosis restoration by pulling the thoracic apex backward. TL
junction should be straighten in Type 2b.

. In Type 3, characterized by thoraco lumbar junction lordosis, the
goal is to lengthen caudally the thoracic kyphosis and to properly
position the inflection point at the TL junction.

[Adolescent Idiopathic Scoliosis; Classification ; Sagittal Alignment;
Hypokyphosis; surgical guidelines ]
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1. Radiographic analysis of 100 consecutive AIS surgical cases to define specific
and reliable sagittal patterns in AIS
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2. Three parameters strongly differentiated three sagittal patterns : thoracic
sagittal angle, T10 L2 angle and C7 slope.
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3.44% had a normal sagittal shape, type 2 (thoracic hypokyphosis) being the
most frequent pattern
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Introduction
Electronic supplementary material The online version of this
icle (https: i. 10.1 -018-5613-1 i . . . .
article (https://doi Org/ 0 0.07/5.0058.6 018-5613-1) contains Scoliosis is a three-dimensional deformity resulting from
supplementary material, which is available to authorized users. ; . . . .
intervertebral movements leading to spinal torsion, mainly
Extended author information available on the last page of the article intervertebral extension and transverse rotation. These
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movements automatically produce lateral inclination, which
we characterize conventionally on the frontal view by the
Cobb angle [1]. Somerville used the term of “rotational lor-
dosis”, as an holistic definition of the deformity, giving as
much importance to the sagittal as the transverse plane [2].
Spinal extension, or lordosis of the spine, is described as the
precursor movement.

In AIS, sagittal spine alignment may differ from the nor-
mal subject as a result of the structural deformity of the
spine. Analysis of these modifications is important to define
guidelines for the therapeutic strategy. It is at first sight com-
plex due to the polymorphism of the curve types.

In 2003, Mac-Thiong et al. [3] described the sagittal spi-
nal parameters in a population of AIS and showed that sagit-
tal spinal alignment depends on the location of the apex of
the scoliotic curve. Thoracic scoliosis may induce a decrease
in thoracic kyphosis, whereas thoracolumbar and lumbar
deformities maintain a kyphotic thoracic spine and tend to
increase the upper lumbar lordosis [4].

However, the usual sagittal parameters derived from the
description of the normal spine do not help to describe the
real impact of scoliosis on global and regional organization
of the spine in AIS. Indeed, the structural changes within the
scoliotic deformity that are now well described induce junc-
tion orientation changes, due to intersegment reciprocity. In
order to make the erect position sustainable and energetically
economic, sagittal curvatures are organized by reciprocity.
This organization follows strict physiological rules, to main-
tain alignment between the barycenter and joint centers of
the lower extremities [5]. In the non-scoliotic population,
Roussouly has described four types of back according to
the sacral slope, directly correlated the pelvic incidence, and
showed the repercussion of pathological conditions on sagit-
tal mismatching and imbalance [6, 7].

The segmental analysis of the spinal deformity and the
differentiation between structural sagittal changes linked to
scoliosis and junction adaptation mechanisms can provide
a synthetic understanding of the sagittal analysis of AIS. A
classification integrating this global and specific description
is still lacking in our practice. It is in this objective that we
built this new classification system.

Even though the Lenke classification has emerged as the
gold standard classification system in the description of AIS
deformity and as a guidance for surgical planning, the sagit-
tal modifiers proposed by Lenke had little echo and did not
give rise to the same accuracy in terms of recommendation
guidelines as the frontal types and modifiers. Figure 1 shows
two similar curves according to Lenke classification which
are dramatically different in terms of sagittal organization.

The new AIS specific sagittal classification system that
we propose in the present paper is born after the preliminary
study of Yu and Roussouly on the cervical spine behavior in
idiopathic scoliosis. As shown by many authors, there is a

high incidence of cervical kyphosis in thoracic AIS [8-10].
Yu et al. [11] proposed two mechanisms which may produce
cervical kyphosis in AIS, as a junctional response to the
structural sagittal changes: either a response to the horizon-
talization of the T1 plateau due to thoracic hypokyphosis, or
the inclusion of the cervical spine in the kyphotic segment
above the lumbar lordosis, due to the upward displacement
of the inflection point between lumbar lordosis and thoracic
kyphosis.

From this first analysis, considering the structural param-
eters that must be corrected in AIS sagittal deformity, we
propose a new specific sagittal classification, integrating the
structural sagittal modifications induced by the tridimen-
sional deformity and the junctional compensations imple-
mented to maintain a global economic sagittal alignment
of the spine. The aim of our work is to describe this clas-
sification and to present the therapeutic recommendations
that arise from it.

Materials and methods

From a monocentric prospective surgical database, we
extracted hundred consecutive AIS patients aged between 12
and 18 years, candidate to posterior spinal fusion (primary
inclusion from 2011 to 2013).

For each case, we analyzed full standing AP and lateral
digital radiographs of the spine, and reducibility test radio-
graphs routinely taken in the preoperative evaluation. All
radiographs were performed using a standardized protocol,
and patients were asked to stand in a relaxed position and to
look straight forward.

All measurements were taken on Keops Analyzer®
(SMAIO®, France) by the same operator, an experienced
spine deformity surgeon. Based on AP and reducibility test
radiographs, patients were classified according to the Lenke
classification. Each curve was characterized by location,
apex and main curve Cobb angle.

Figure 2 summarizes the radiographic spinal sagit-
tal parameters that were measured on Keops Analyzer®
(SMAIOQ, France):

e Inferior cervical spine angle (C2C7) formed by the tan-
gent to the inferior endplates of C2 and C7

e Global cervical spine angle (C1 C7)

e (C2C6 angle (Hilibrand cervical angle)

e (7 slope: formed by the tangent to the inferior endplate
of C7 and the horizontal reference line.

e Magnitude of thoracic kyphosis (TK): (T1 T12), (T4T12)
and maximum sagittal kyphotic angle (SKA)

e Length of SKA: number of kyphotic vertebrae

e Magnitude of lumbar lordosis: (L1 S1), maximum sagit-
tal lordotic angle (SLA)
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Fig. 1 Similar curves types according to Lenke classification can have dramatically different sagittal patterns. These two cases share the same
Lenke type with similar lubar and sagittal modifiers, type 1C(N)
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Fig.2 New sagittal classification for AIS

e Length of SLA: number of lordotic vertebrae
e Thoracolumbar junction angle (T10 L2).

The following spino-pelvic parameters were analyzed:

e PI (pelvic incidence) angle between the perpendicular
of the sacral plate and the line joining the middle of the
sacral plate and the hip axis,

eSS (sacral slope) angle between the sacral plate and the
horizontal line

e PT (pelvic tilt) angle between the vertical line and the
line joining the middle of the sacral plate and the hip
axis, which is positive when the hip axis lies in front
of the middle of the sacral plate.

Statistical analysis

The mean and the SD of the quantitative variables and
the number and the frequencies of the modalities of the
qualitative variables have been computed.

We separated the cohort into four groups according
to the type of sagittal pattern in the new classification
system (Fig. 2).

To assess the differences between the groups, p val-
ues have been computed using Fisher exact tests for

qualitative variables and ANOVA or Kruskal-Wallis tests
for quantitative variables. ANOVA is used if no deviation
from normality is detected by a Shapiro—Wilk test.

A correlation analysis was done by computing the
Spearman (nonparametric) correlation and testing it for
the hypothesis that it is null. The correlation between
several couples of parameters has been computed.

The significance level is set at 5% in all the analy-
sis. No multiplicity correction has been performed. The
analysis was done using R 3.2.5.

Results
AIS sagittal types distribution

Forty-four percent of the patients were categorized as type
1—normal sagittal shape. Type 2, characterized by tho-
racic hypokyphosis with cervical kyphosis, represented
the main sagittal type (47%). As all patients with T10 L2
angle > 10° had a type 2 pattern, we could differentiate
two subgroups within type 2. Type 2a was characterized
by hypokyphotic thoracic spine with cervical kyphosis
(preserving three alternating sagittal curves); type 2b was
characterized by thoracic hypokyphosis and thoracolumbar
kyphosis, sagittal shape including four alternate sagittal
curves (Fig. 2).
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The less frequent type 9(%), sagittal type 3, was char-
acterized by only two alternating sagittal curves: a proxi-
mal cervicothoracic kyphosis and a long thoracolumbar
lordosis.

Lenke-type distribution

Patients’ subgroups according to the different sagittal
patterns were comparable in age and main curve ampli-
tude (Table 1) but showed different distributions of Lenke
types (Table 2). AIS with sagittal type 1 (normal) or 2a
(thoracic hypokyphosis) were mainly thoracic curves. AIS
with sagittal type 2b (thoracic hypokyphosis + TLK) were
mostly TL or L curves, thoracic curves with more distal
thoracic apex location (<T9). AIS with sagittal type 3
were mainly Lenke curve types 3, 4, 5 or 6, meaning dou-
ble curves or TL/L, in which an apical structural deformity
was expressed within the area of the TL junction. Sagit-
tal type 3 could be characterized in all Lenke types but
the main denominator was the fact that the apex of one
of the structural curves was included in the thoracolum-
bar junction (TLJ), meaning that intervertebral extension
movement created an extension of this area, pushing the
inflexion point upward.

Roussouly type distribution

There was no statistical difference in terms of distribu-
tion of sagittal types according to Roussouly classification
(Table 3).

Radiographic parameters analysis

As shown in Table 4, the four AIS sagittal types were highly
discriminated by the following spinal segmental parameters:
cervical sagittal angle, C7 slope, thoracic sagittal angles
(TK), T10L2 angle, sagittal lumbar angle (LL) and the num-
ber of vertebrae included in the lordosis.

Significant differences exist in terms of sagittal curvature
lengths.

Type 1, representing the normokyphotic pattern, had
a harmonious repartition of three sagittal curves with
11 £2.2 vertebrae participating in thoracic kyphosis and
5.1 +£0.87 vertebrae in the lumbar lordosis. Mean thoracic
kyphosis was T1T12: 34° +12°; T4T12: 30°+13°. C7
slope was positive, allowing the expression of a cervical
straight or lordotic spine. The thoracolumbar area (T10L2)
was straight.

Type 2 is defined by thoracic hypokyphosis [T1T12:
18°+9.8° (type 2a), 11°+13° (type 2b)] and decreased
C7 slope, which induces cervical kyphosis (C2C7: type 2a:

Table 1 Descriptive

characteristics of the cohort All cohort Type 1 Type 2a Type 2b Type 3 p value
N=100 44% 39% 8% 9% -
Age (years) 14+1.6 14+1.5 14+1.6 14+2.1 16+1.8 0.1
Main curve (°) 60+ 14 62+15 58+13 63+13 52473 0.2
Table 2 Lenke.—typ e distribution Lenke type All cohort Type 1 Type 2a Type 2b Type 3 p value
among the entire cohort
1(A,B,C) 50 (50%) 18 (41%) 25 (64%) 2 (25%) 5 (56%) 0.022*
2(A,B) 18 (18%) 8 (18%) 6 (15%) 1 (12%) 3 (33%)
3G, 4C 16 (16%) 8 (18%) 7 (18%) 1 (12%) 0 (0%)
5C, 6C 16 (16%) 10 (23%) 1 (3%) 4 (50%) 1(11%)
Table 3. Sagittal patterns Roussouly All cohort Type 1 Type 2a Type 2b Type 3 p value
accor‘dlng.to Roussouly type
classification
1 2 (2%) 1 2%) 0 (0%) 1 (12%) 0 (0%) 0.48
2 13 (13%) 8 (18%) 3 (8%) 1 (12%) 1 (11%)
3 46 (46%) 18 (41%) 21 (54%) 4 (50%) 3 (33%)
4 39 (39%) 17 (39%) 15 (38%) 2 (25%) 5 (56%)

Data are summarized by the mean=+ SD for the quantitative variables, and by the number (frequency) for
the qualitative variables. p values are obtained with the Fisher exact tests (qualitative variables), ANOVA
or Kruskal-Wallis tests in the absence of normality (quantitative variables)

Significance level: *<5%; **<1%; ***<0.1%
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Table 4 Sagittal spinal parameters

All cohort Type 1 Type 2a Type 2b Type 3 p value

(a) Cervical, thoracic and lumbar

parameters
L1S1 angle 49+11 52+12 48+9.9 43+13 49+9.2 0.19
Global LL 54+11 56+11 52+10 5012 57+8.5 0.17
L vertebrae (n=) 53+13 5.1+£0.87 52+0.86 3.9+0.64 8.1+0.93 <0.0007 ***
Global TK 27+16 39+13 18+12 17+11 12+14 <0.0007 ***
T vertebrae (n=) 11+£2.2 11+1 1115 11+1.2 5.8+3.1 0.00022%#3#*
T1T12 angle 24+14 34+12 18+9.8 11+13 14+9.4 <0.0007 ***
T4T12 angle 19+15 30+13 13+10 37+13 79+10 <0.0007 ***
Thoracic slope 15+13 25+9.1 9.6+8.4 73+74 -1.1+14 <0.00071 ***
T10 L2 angle -05+93 0.7+9.4 -1.6+6.6 12+5.2 —13+£5.6 <0.0007 ***
Cervical lordosis 8.2 —-4.7 17 18 26 <0.0007 ***
C2C6 angle 53+12 -2+11 9.8+12 15+7 10+9 <0.0001***
Global C angle 24+13 33+11 19+12 15+11 18+11 <0.0001***
Upper C angle 32+84 32+74 31+94 33+9.1 33+8.6 0.75
Lower C angle 6.9+12 -1+10 12+11 17+6.4 15+9.4 <0.0001***
C7 slope 17+£9.2 23+7.1 13+8 11£85 8.6x8.1 <0.0001***
(b) Spino-pelvic parameters
Pelvic incidence 52+12 50+13 53+11 53+13 51+£7.6 0.76
Pelvic tilt 9+7.7 8.1+£8.5 9.7+£6.5 13+£8.9 717 0.31
Sacral slope 43+8.2 42+8.8 43+7.8 40+8.6 44+6.5 0.71
SSA 130+8.7 130+9.3 1308 130+9.1 130+£7.3 0.37
Barrey ratio (%) —-0.01+6.5 —0.68+9.8 0.63+1.1 0.8+1.1 -029+1.3 0.079
L1S1 angle 49+11 52+12 48+9.9 43+13 49+9.2 0.19

Data are summarized by the mean + SD. p values are obtained with ANOVA or Kruskal-Wallis tests in the absence of normality

Significance level: *<5%; **<1%; ***<0.1%

17°+12°; type 2b: 18°+9.8°). Two subtypes could be dif-
ferentiated according to the TL junction. In type 2b, T10L2
is kyphotic (12°+5.2° vs 0.49°+9.3°, p inferior to 0.001).
In this subgroup, patients have four alternating sagittal
curves (cervical kyphosis, thoracic hypokyphosis, TLK and
short lumbar lordosis).

Sagittal type 3 is defined by two alternating curves. The
length of lumbar sagittal curve is significantly modified
(8.1+0.93 LLmax vertebrae vs total: 5.3 +1.3; p<0.0001),
due to TL junction hyperextension (T10 L2: —13°+5.6°).
The inflection point between LL and TK is proximally
shifted, shortening the area of expression of thoracic kypho-
sis in the thoracic area and resulting in a global cervico-
thoracic kyphosis. The cervical spine is therefore kyphotic
(C2C7: 26°+15°, p<0.0001), with reduced C7 slope (8.6
vs —17, p>0.0001).

Correlation analysis between regional parameters
and spino-pelvic parameters

We did not find any difference in terms of spino-pelvic param-
eters between the different sagittal patterns (Table 5). Strong
correlation remained between spino-pelvic parameters. Tho-
racic kyphosis was correlated with LL, C7 slope and cervi-
cal lordosis. Cervical lordosis was moderately correlated to
C7 slope. C7 plumb line was only correlated with C7 slope.
T10L2 angle was moderately correlated to SSA and sacral
slope.

Discussion
We could resume the sagittal alignment of AIS into four

sagittal patterns. The determining criteria of each pat-
tern were highly discriminative, the most discriminant
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Table 5 Correlation analysis between regional spinal sagittal parameters and spino-pelvic parameters
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Spearman correlation test

Significance level: *<5%; **<1%; ***<0.1%

parameters being the length of the LSA, T10L2, TK, C7
slope and the cervical sagittal angle.

Sagittal alignment is close to normal in 44% of the
cohort. Preservation of a normal shape was defined by
both qualitative criteria, meaning a harmonious sequence
of three sagittal curves (cervical lordosis, thoracic kypho-
sis, lumbar lordosis), and quantitative criteria. As patients
were analyzed using Keops software (SMAIO, Lyon,
France), which is an update version of the previously vali-
dated Optispine software, we could verify individually that
patients categorized as sagittal type 1 had sagittal param-
eters within the range of normal values, with respect to the
spino-pelvic shape. Thoracic kyphosis is within the normal
range (TKmax: 39°+13° (min 19°, max 57°) correlated
with a positive C7 slope, which protects from cervical
kyphosis. Distribution of Lenke types is comparable to the
reference series of Lenke et al. [12], which may indicate
that this pattern is not related to a certain type of scoliosis.

In contrast, more than half of AIS have a pathological
profile requiring accurate characterization of sagittal modi-
fications. Two pathological profiles can be defined, accord-
ing to the existence of thoracic hypokyphosis either with or
without thoraco lumbar kyphosis or TLJ hyperextension. In
these pathological cases, Lenke type is determinant. Sagit-
tal malalignment can be related to the structural deformity.
Junctional modifications may be the compensatory conse-
quences on the above and underlying segments.

Lenke classification has been widely used to guide deci-
sion-making in AIS surgery [12]. Controversy remains in
some situations to decide whether or not to propose selec-
tive thoracic fusion. Moreover, there are still no specific
guidelines regarding the contouring of the rod. In his clas-
sification, Lenke was the first to propose a characterization
of the sagittal anomalies usually described in AIS within
his global AIS classification system. However, it did not
achieve a comprehensive system for the sagittal analysis.
Guidelines were suggested mainly according to the coronal
aspect of the deformity. The sole sagittal parameter which
could indicate a more extensive fusion was TLK >?20° and
PT kyphosis > 20°. Celestre et al. discussed the importance
to consider the sagittal profile, especially the behavior of the
TLJ but could not give clear conclusions regarding the opti-
mal sagittal spinal alignment to achieve postoperatively [13].
More recently, Sebaaly et al. demonstrated that proximal
junctional kyphosis was clearly related to the positioning of
the point of inflection, in ASD surgery.

No significant difference was found in terms of spino-pel-
vic parameters showing that this classification specifically
describes the pathological component of the sagittal align-
ment of AIS and the reciprocal junctional changes. Spino-
pelvic parameters were comparable between the four types,
as for Roussouly classification. As demonstrated previously
by Roussouly and later Hu et al. [14, 15], the most expressed
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Fig.3 Therapeutic recommendations for sagittal correction in AIS
according to the sagittal pattern. a Type 1 preserve the sagittal shape
in the rod contouring keep TL junction straight. b Type 2 restore tho-
racic kyphosis by pulling the thoracic apex backward straighten TL
junction between T10 and L2 in case of type 2b. ¢ Type 3 lengthen
caudally thoracic kyphosis to restore the proper length of TK and
reposition the inflection point between T12 and L1 by straightening
the TL junction

types of back in idiopathic scoliosis are Roussouly types 3
and 4 [12]. The Caucasian series reported an average pelvic
incidence greater than normal (> 55°) but did not find any
differences in terms of spino-pelvic alignment [3, 4, 16]. In
the Chinese population, Yong et al. [17] showed that PI is
comparable to the normal population (PI=45°). Structural
sagittal changes do not alter the correlations between the
pelvic parameters and the lumbar spine. At most, we observe
higher pelvic tilt depending on the Lenke type of scoliosis
[18].

Although there is a different distribution of sagittal
types within scoliosis types according to the Lenke clas-
sification, there is no direct correlation between Lenke
types and sagittal shape produced by the deformity. Hu
et al. [15] already characterized the sagittal alignment of
each Lenke type and showed that coronal deformity had

R — —

————

X 2t/
o

O I -

PLLL 9°
SVA(C7) 1.04 mm

Fig.3 (continued)

@ Springer

limited influence on sagittal parameters, as most of coronal
and sagittal parameters were not significantly correlated.
It thus appears that the sagittal alignment is specific to the
structural movements induced by scoliosis in the profile,
which justifies, in our opinion, a separate but complemen-
tary analysis of the frontal analysis.

AIS is a posterior imbalance of the spine [19]. Sagit-
tal mal alignment is mainly a consequence of segmental
hyperextension. Two sagittal parameters can be modified
by the structural part of the deformity, according to the
type of AIS: the thoracic kyphosis and the upper arch
of the lumbar lordosis. Clément et al. confirm the role
of reciprocity on the upper arch of the lumbar lordosis,
showing that sagittal modifications can result either from
the structural deformity or as a compensatory mechanism
to thoracic hypokyphosis [4]. Junctional areas (cervico-
thoracic and thoracolumbar segments) may adapt to non
physiological sagittal curves to maintain a global align-
ment and horizontal gaze.

The cervical spine has long been the great forgotten
in the overall sagittal analysis of the spine. Recent stud-
ies restore the importance of this segment in both sagittal
understanding and surgical decision-making for optimal
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sagittal correction [9, 15, 20-22]. In healthy subjects,
especially in children and adolescents, we showed strong
correlations between the behavior of the cervical spine and
the orientation of the upper segment of the thoracic spine
materialized by C7 or T1 slope [23].

Of course, there are limitations to our work with respect
to the initial description of a classification. Scoliosis is a
complex and three-dimensional deformity. Stagnara empha-
sized the importance of the election plan as a more accurate
and faithful picture of the true deformation. More recently,
Newton et al. have confirmed that three-dimensional analysis
is critical for adequate description of the sagittal deform-
ity induced by AIS. Low dose 3D radiological analysis is
now allowed by new technologies such as stereoradiography,
which will necessarily require the validation of this classifi-
cation by 3D analysis. Actually, we have already conducted
this study, showing excellent concordance between 2D and
3D analysis, but the data remain to be published. Final and
essential stage is to validate the proposed guidelines for sag-
ittal correction, mainly by reducing complications related to
a non harmonization of the profile in arthrodesis.

Conclusion

The objective of this classification is not only descrip-
tive but is intended to be therapeutic. Characterization of
pathological type allows to target the ideal location of the
sagittal surgical correction and, in our hands, could guide
bending of rods with respect to the specific spino-pelvic
alignment of the patient and ideal placement and choice of
implants to succeed in a faithful correction (Fig. 3).

As a conclusion, and from our experience with the use
of this classification, we propose the following recommen-
dations in terms of sagittal correction.

Type 1 has a harmonious sagittal alignment which
should be preserved. The rod contouring should respect
the length and magnitude of thoracic kyphosis and keep
TL junction straight (Fig. 3a).

In type 2, the surgical strategy is to restore thoracic
kyphosis which may require Ponte osteotomies around the
apex in order to pull the thoracic apex backward. TL junc-
tion should be straightened in type 2b (Fig. 3b).

In type 3, the goal is to lengthen caudally the thoracic
kyphosis, which may require Ponte osteotomies in the infe-
rior part of the thoracic area. The inflection point should
be repositioned at the TL junction (Fig. 3c).
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