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Abstract
Purpose The complex three-dimensional spinal deformity in AIS consists of rotated, lordotic apical areas and neutral junc-
tional zones that modify the spine’s sagittal profile. Recently, three specific patterns of thoracic sagittal ‘malalignment’ were 
described for severe AIS. The aim of this study is to define whether specific patterns of pathological sagittal alignment are 
already present in mild AIS.
Methods Lateral spinal radiographs of 192 mild (10°–20°) and 253 severe (> 45°) AIS patients and 156 controls were derived 
from an international consortium. Kyphosis characteristics (T4–T12 thoracic kyphosis, T10–L2 angle, C7 slope, location of 
the apex of kyphosis and of the inflection point) and sagittal curve types according to Abelin-Genevois were systematically 
compared between the three cohorts.
Results Even in mild thoracic AIS, already 49% of the curves presented sagittal malalignment, mostly thoracic hypokypho-
sis, whereas only 13% of the (thoraco) lumbar curves and 6% of the nonscoliosis adolescents were hypokyphotic. In severe 
AIS, 63% had a sagittal malalignment. Hypokyphosis + thoracolumbar kyphosis occurred more frequently in high-PI and 
primary lumbar curves, whereas cervicothoracic kyphosis occurred more in double thoracic curves.
Conclusions Pathological sagittal patterns are often already present in curves 10°–20°, whereas those are rare in non-scoliotic 
adolescents. This suggests that sagittal ‘malalignment’ patterns are an integral part of the early pathogenesis of AIS.
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Introduction

Adolescent idiopathic scoliosis (AIS) is a deformity of the 
spine and trunk that primarily affects previously healthy 
children, predominantly girls, during the growth spurt [1]. 
The fact that AIS is a complex 3-D deformity of the spine, 
rather than a simple lateral curvature, has been well appreci-
ated for a long time [2–5]. The spinal deformity in AIS is 
the complex and sum of three variable spatial displacements 
in the apical region: In the coronal plane, it is characterized 
by lateral deviation and lateral bending, in the transverse 
plane by axial rotation and in the sagittal plane by extension 
of the spine.

While it was already known that severe AIS often leads 
to flattening of the thoracic spine, recent 3-D imaging 
studies showed that all severe AIS curves, primary as 
well as compensatory, are characterized by a segmental 
lordosis around the apex [6–8]. As a consequence, the 
regional thoracic kyphosis is modified by the rotated, lor-
dotic apical areas and neutral junctional zones. In this, 
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Abelin-Genevois et al. described four specific patterns 
of the presentation of the sagittal spinal profile on lateral 
radiographs: normal kyphosis (pattern 1), hypokyphosis 
(pattern 2a), hypokyphosis in combination with thora-
columbar kyphosis (pattern 2b), cervicothoracic kyphosis 
(pattern 3) (Fig. 1) [9].

In order to improve our understanding of the sequence 
in which the different aspects of the regional 3D deform-
ity develop, the aim of this study was to define whether 
pathological sagittal patterns are already present in the 
earliest phase of the adolescent idiopathic scoliosis. Since 
radiographs before the onset of AIS are not widely avail-
able, for this study, we approach as closely as possible 
the starting point of AIS by cross-sectionally studying 
the sagittal patterns of the spine in adolescents with mild 
(10°–20°) AIS, and compare this to adolescents with 
severe and without AIS.

Materials and methods

Study population

Following local institutional review board approval, patient 
databases at three centers specialized in scoliosis treatment 
in the USA, France and the Netherlands were systematically 
searched for standing posterior-anterior and lateral radio-
graphs. For the mild AIS cohort, all cases with idiopathic 
scoliosis who had standard radiographs showing either a 
single thoracic or a single (thoraco) lumbar curve between 
10° and 20° were included in this study. The mild AIS group 
was further classified into a primary thoracic and primary 
(thoraco) lumbar subgroup, since bending radiographs were 
not systematically available in this non-operative group to 
further classify according to Lenke. Patients were divided 
into three cohorts for cross-sectional comparisons. For the 
severe AIS cohort, pre-operative radiographs of a consecu-
tive series of cases that were planned for AIS surgery and 

Fig. 1  Abelin-Genevois classifi-
cation, a system that differenti-
ates four specific patterns of 
sagittal alignment in AIS [9, 12]
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had a major coronal curve angle > 45° were used. Databases 
were previously collected for systematic study of the surgical 
outcomes in each center separately. For the cohort of non-
scoliotic controls, we used an existing cohort of children 
between 7 and 18 years old that had undergone standing 
posterior-anterior and lateral radiological screening for sco-
liosis, but had no significant spinal asymmetry at the initial 
radiograph taken or at follow-up [10, 11].

Similar protocols for radiographic acquisition of digital, 
plain, full-length lateral radiographs were used in the three 
centers. Acquisition was performed in an upright standing 
position, subjects were standing with their hips and knees 
straight, and they were instructed to stand in a comfortable 
manner and to look straight ahead with the hand on the zygo-
ma’s or on the clavicles. Radiographs from outside facilities 
or on which the whole spine and both femoral heads were 
not clearly identifiable were excluded.

Radiographic analyses

Two trained observers measured conventional parameters 
describing (parts of) the magnitudes of sagittal thoracic mor-
phology using  Surgimap® (Nemaris Inc.™, New York, NY, 
USA). Next, they classified each spine according to the Abe-
lin-Genevois sagittal curve patterns and kyphosis character-
istics (level of the inflection point and level of the apex of the 
thoracic kyphosis) (Figs. 1 and 2) [9, 12]. For demographi-
cal comparison and final comparison of the discriminative 
parameters between different sagittal patterns, also pelvic 
incidence, pelvic tilt, sacral slope, Roussouly lumbosacral 
type and L1–S1 lumbar lordosis were measured [13].

Statistical analysis

The statistical analyses were performed using statistical soft-
ware SPSS 23 for Windows (SPSS Inc., Chicago, IL, USA). 
Descriptive statistics were computed for the cohorts, pro-
viding means and standard deviations for continuous data, 
and frequencies and percentages for nominal data. The epi-
demiology of normokyphosis (pattern 1) and pathological 
(patterns 2a, 2b and 3) sagittal alignment in AIS patients 
and non-scoliotic adolescents were compared using Fisher-
Freeman-Halton tests in the analysis of contingency tables. 
Comparison of sagittal parameters between scoliosis with 
different severity (mild primary thoracic AIS, mild primary 
(thoraco) lumbar AIS, severe primary thoracic AIS, severe 
primary (thoraco) lumbar AIS) was performed using one-
way ANOVA. Potential parameters differentiating differ-
ent Abelin-Genevois curve patterns were evaluated using 
one-way ANOVA. A Bonferroni correction was applied for 
multiple testing. The level of statistical significance was set 
at P < 0.05.

Results

192 mild AIS and 253 severe AIS patients and 156 non-
scoliotic controls were available for inclusion in this study. 
Demographics are shown in Table 1. Epidemiological analy-
sis of sagittal patterns according Abelin-Genevois classi-
fication revealed significant differences between the mild 
AIS, severe AIS and control group (P = 0.003; Table 2). In 
the non-scoliotic adolescents, 91% had a normokyphosis in 
terms of length, magnitude and apex. Of the 192 mild AIS 
cases, 41% (35% pattern 2a, 5% pattern 2b and 1% pattern 
3) were classified as a pathological sagittal pattern and 59% 
as normokyphosis (pattern 1). In severe AIS, 56% of the 256 
subjects showed a pathological sagittal pattern: 38% pattern 
2a, 8% pattern 2b and 10% pattern 3. Subgroup analysis 
according to Lenke type revealed significant differences in 
the prevalence of the different sagittal patterns (P = 0.001, 
Tables 3 and 4).

Discussion

Deacon et al. described the lordotic effect of development of 
AIS on the thoracic sagittal spinal profile in 1984, and nowa-
days it is generally known that hypokyphosis is often an 
integral part of severe AIS [4]. Although the true 3-D mor-
phology of the spine and hypokyphosis in severe AIS is well 

Fig. 2  Outcome parameters were the level of the inflection point 
(where the lumbar lordosis changes into the thoracic kyphosis), apex 
of the thoracic kyphosis (the vertebra with the farthest posterior devi-
ation from the C7 plumb line), C7 slope, T4–T12 thoracic kyphosis 
and T10–L2 thoracolumbar angle
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described, the phases in which the sagittal profile changes 
during the development of the deformity occur are important 
both for better understanding the patho-mechanism as well 
as for daily orthopedic practice and conservative treatment.

Over the last decade, it became clear that the thoracic 
lordosis in AIS curves is not a global, but rather a regional 
phenomenon in the apical disks of the primary as well as 
secondary curves [6, 7, 14]. Development of this local 3-D 

Table 1  Demographics

Mild AIS (n = 192) Severe AIS (n = 253) Controls (n = 156) P value mild versus 
severe AIS

P value AIS 
versus con-
trols

Age in years, mean ± sd 13.2 ± 1.8 14.7 ± 1.8 12.0 ± 2.3  < 0.001  < 0.001
Girls, n (%) 143 (75) 215 (85) 99 (62)  < 0.001  < 0.001
Major curve angle ± sd 15 ± 3 58 ± 15 –  < 0.001 Not applicable
PI, mean ± sd 46 ± 11 50 ± 12 44 ± 12  < 0.001  < 0.001
PT 7 ± 9 8 ± 8 5 ± 8 0.21  < 0.001
SS 38 ± 8 42 ± 9 38 ± 9  < 0.001  < 0.001
Roussouly type  < 0.001  < 0.001
 1, n (%) 13 (7) 14 (6) 11 (7)
 2 42 (22) 47 (19) 42 (27)
 3 64 (33) 64 (25) 40 (26)
 3-AV 41 (21) 47 (19) 32 (21)
 4 32 (17) 81 (32) 31 (20)

Table 2  Distribution of pathological (types 2a, 2b and 3) sagittal alignment and normokyphosis (type 1) in AIS patients and non-scoliotic ado-
lescents

n Type 1 (nor-
mokyphosis)

Type 2a 
(hypokyphosis)

Type 2b (hypokypho-
sis + thoracolumbar kyphosis)

Type 3 (cervicotho-
racic kyphosis)

P

Mild AIS, n (%) 192 113 (59) 67 (35) 10 (5) 2 (1)  < .01
 Thoracic 128 58 (45) 63 (49) 5 (4) 2 (2)
 (Thoraco) lumbar 64 55 (86) 4 (6) 5 (8) 0 (0)

Severe AIS 253 112 (44) 95 (38) 20 (8) 26 (10) 0.001
 Lenke 1 111 43 (39) 56 (50) 2 (2) 10 (9)
 Lenke 2 41 14 (34) 13 (32) 2 (5) 12 (29)
 Lenke 3/4 42 24 (57) 12 (29) 5 (12) 1 (2)
 Lenke 5/6 59 31 (53) 14 (24) 11 (19) 3 (5)
 Non-scoliotic adolescents 156 147 (94) 6 (4) 2 (1) 1 (1) 0.45

Table 3  Sagittal parameters describing sagittal thoracic morphology and magnitude in 192 mild and 253 severe AIS patients

* =  Lenke 1 vs 5
†  =  vs control

Mild AIS, lenke 
1 (n = 128)

Mild AIS, 
lenke 5 (n = 64)

Severe AIS lenke 
1–4 (n = 194)

Severe AIS lenke 
5–6 (n = 59)

Non-scoliotic ado-
lescent (n = 156)

P

T4–T12 TK 28 ± 8*† 42 ± 8† 20 ± 14† 22 ± 15† 33 ± 10  < .001
Number of lordotic vertebrae in the 

lumbar area (inflection point)
5.0 ± 1.0 4.8 ± 0.9 5.3 ± 1.4*† 4.6 ± 1.1 4.7 ± 0.9  < .001

Level of apex of TK median (mean) T6 (5.89)* † T8 (7.73) † T7 (6.66) T8 (7.07) T7 (6.88)  < .001
C7-slope 19 ± 8* 24 ± 10 17 ± 11† 19 ± 11 21 ± 9  < .001
T10–L2 thoracolumbar junction angle 1.7 ± 8* 6.7 ± 10 − 1.7 ± 10*† 5.0 ± 11 3.2 ± 4  < .001
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deformation will mostly modify the morphology and mag-
nitude of the thoracic kyphosis and thoracolumbar junction. 
Abelin-Genevois et al. demonstrated four specific patterns of 
sagittal alignment in severe AIS (Fig. 1) [9]. They described 
the regional modifications of the presentation of the thoracic 
profile on lateral radiographs (thus the global mid-sagittal 
plane), including the thoracolumbar and cervicothoracic 
junction, as opposed to segmental 3-D morphological 
changes (segmental sagittal plane) that were the subject 
of previous studies [6, 7]. Likewise, Pasha et al. recently 
performed cluster analyses on coronal and sagittal spinal 
alignment parameters in 103 right thoracic AIS curves and 
identified five different subtypes of 3-D global spinal shape, 
on which their innovative 3D classification is based [15, 16].

In the present study, we analyzed the regional modifica-
tions of the presentation of the thoracic sagittal profile on 
lateral radiographs of mild AIS (10°–20°) and compared this 
to severe AIS and non-scoliotic adolescents. Interestingly, in 
mild thoracic AIS, already 49% of the spines presented with 
a thoracic hypokyphosis (pattern 2a). On the contrary, only 
13% of (thoraco) lumbar curves and 6% of the non-scoliotic 
adolescents had a pathological sagittal pattern. Since the 
pathological patterns were rare in the non-scoliotics, we do 
not consider the younger age and gender differences in the 
controls as a confounding factor for these findings. Similar 
to the literature, 63% of the severe thoracic AIS had a patho-
logical sagittal profile: Hypokyphosis (pattern 2a) was the 
most prevalent curve pattern, hypokyphosis + thoracolumbar 
kyphosis (pattern 2b) occurred more frequently in high-PI 
and primary lumbar curves, whereas cervicothoracic kypho-
sis (pattern 3) occurred more in double thoracic curves [9, 
17].

Many previous studies demonstrated the regional flatten-
ing of the thoracic sagittal profile on lateral radiographs, 
as a result of the rotated apical lordosis [18–20]. Not all 
thoracic spines in AIS, however, present as a hypokyphosis 

on lateral radiographs. It must be understood that due to the 
rotation, a regional kyphosis can still exist between T1 and 
T12, whereas at the segmental level, all vertebrae in between 
the end vertebrae are in a rotated lordosis. Sullivan et al. 
previously pointed out that some spines appear kyphotic on a 
lateral radiograph, when in fact they are rotated and lordotic 
segmentally. They also demonstrated that as the coronal 
curve becomes more severe, the lateral radiograph to meas-
ure segmental kyphosis becomes less accurate [21]. Clément 
et al. noted that approximately half of the primary thoracic 
curves present as a normokyphosis on lateral radiographs 
when the regional kyphosis is considered [19]. Also, Pizones 
et al. demonstrated patients with severe AIS were on average 
more hypokyphotic than healthy adolescents and that double 
thoracic curves were associated with a high thoracic kypho-
sis [20]. In many previous studies, however, only severe/pre-
operative AIS cases were included and the individual varia-
bility in concomitant coronal spinal deformation and sagittal 
alignment was not taken into account. Due to the significant 
heterogeneity of sagittal pelvic morphology and spino-pelvic 
alignment in the pediatric and adult population, as well as 
the differences in timing of the growth spurt between boys 
and girls and between individuals from the same gender, it 
can be assumed that the effect of the complex 3-D deforma-
tion on the regional spinal alignment and balance is almost 
unique for each AIS patient. Recently, Fruergaard et al. con-
firmed this heterogeneity of spino-pelvic parameters in this 
population by comparing sagittal parameters between the 
different Abelin-Genevois curve patterns [17].

Confirmation of previous findings from the literature on 
sagittal alignment in severe AIS and the high prevalence of 
pathological sagittal patterns in mild AIS raises the question 
whether AIS development can be attributed to the sagittal 
component of scoliosis. The variation in sagittal alignment 
of the spine is increasingly recognized in the etio-patho-
genesis of different spinal deformities. According to the 

Table 4  Factors differentiating Abelin-Genevois curve types

Abelin-
Genevois 
type 1
(n = 372)

Abelin-
Genevois type 
2a
(n = 168)

Abelin-
Genevois type 
2b
(n = 32)

Abelin-Genevois type 3
(n = 29)

P

T4–T12 TK 34 ± 10 16 ± 10 22 ± 13 18 ± 15  < .001*
L1–S1 LL − 52 ± 13 − 51 ± 11 − 48 ± 13 − 52 ± 12 0.50
PI 45 ± 12 50 ± 12 45 ± 12 50 ± 11  < .001*
PT 6 ± 9 9 ± 8 8 ± 6 8 ± 7 .002*
SS 39 ± 9 41 ± 9 36 ± 10 42 ± 9 .004*
Number of lordotic vertebrae (inflection point) 4.8 ± 0.9 5.1 ± 1.2 4.1 ± 0.9 6.8 ± 1.6  < .001*
Mean level of apex of TK
median

7.0 ± 1.3 6.1 ± 1.5 8.0 ± 2.0 5.5 ± 1.6  < .001*

C7-slope 22.2 ± 9.6 16.8 ± 8.2 14.4 ± 9.5 20.1 ± 10.0  < .001*
T10–L2 thoracolumbar junction angle 2.4 ± 7.8 − 0.2 ± 7.6 16.0 ± 8.8 − 8.9 ± 10.0  < .001*
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concept by Castelein et al., it can be inferred that the area 
of the spine in which a rotational deformity has a chance to 
develop is based on an individual’s sagittal profile before 
the onset of the deformity [22]. They have shown that in the 
upright position, the vertebrae between the apex of thoracic 
kyphosis and lumbar lordosis are posteriorly tilted and there-
fore affected by posteriorly directed shear loads, reducing 
the rotational stability of those segments [10]. Since radio-
graphs before the onset of AIS are normally not available, 
for this study, we tried to approach the starting point of AIS 
by cross-sectionally studying the sagittal patterns of the 
spine in adolescents with mild (10°–20°) AIS. Based on the 
results of the present study, we can conclude that also in 
these mild curves, the distribution of sagittal patterns differs 
tremendously from controls. The question remains, however, 
whether even in mild coronal curves the sagittal profile is 
already affected by apical lordotic deformation. Of course, 
longitudinal studies following children from before the onset 
of AIS to severe AIS are required for definitive cause-and-
effect conclusions. Such a study, however, seems practically 
and ethically very difficult to perform, using radiographs in 
asymptomatic children. Nonionizing 3-D spinal ultrasound 
seems a promising technique for those research questions 
that require prospective follow-up of pediatric spinal mor-
phology, this is the topic of an ongoing study [23]. Based 
on the heterogeneity of sagittal patterns in the population of 
Fruergaard et al. and the present study, it would be recom-
mended that also other factors that affect sagittal alignment, 
such as the individual changes of pelvic morphology during 
growth and BMI, are taken into account [17, 24].

The number of patients with severe AIS that is not nor-
mokyphotic (patterns 2a, 2b or 3) is similar to patients with 
mild AIS (55% in early AIS vs 43–66% in the severe primary 
thoracic AIS group, respectively). This may also indicate a 
relation between the pre-existent sagittal pelvic morphology 
and the sagittal spinal deformation after the onset of AIS. 
The severity of the hypokyphosis, however, differed signifi-
cantly between the patients with mild (28° ± 8°) and severe 
(20° ± 14°) primary thoracic AIS.

From this study follows that sagittal ‘malalignment’ is 
an integral part of mild and severe AIS and that also early 
treatment of mild AIS should ideally address the sagittal 
pathological patterns of the disease. The primary goal of 
definitive scoliosis surgery in severe AIS has always been 
to prevent progression, provide a balanced spine in the cor-
onal and sagittal plane, fuse as few vertebrae as possible 
and avoid complications. There is evidence, however, that 
restoring as normal an anatomy as possible is beneficial to 
the remaining, unfused areas of the spine [25–27]. Even 
with modern day surgical techniques, it remains difficult, 
however, to really recreate the normal shape of the spine 
and avoid problems like thoracic hypokyphosis and junc-
tional decompensation. For corrective scoliosis surgery, 

and also for conservative management, it is essential to 
have a thorough understanding of the deformity of the 
spine in all three dimensions, and the obstacles to reduc-
tion. When the distribution of pathological sagittal pat-
terns was compared between mild and severe AIS, certain 
sagittal patterns occurred more in certain coronal curve 
types in the severe AIS cohort. For example, the pattern 
of cervicothoracic kyphosis was most frequently observed 
in severe double thoracic curves and the pattern 2b pattern 
in patients with a structural main thoracic and (thoraco) 
lumbar curve. In addition to the aforementioned sagittal 
patterns that pre-exist, at least at the earliest phase of spi-
nal deformation, from the results of this study, we can 
conclude that at severe spinal deformation, the sagittal 
patterns also represent the changes due to the pathologic 
effect of the local rotated lordosis at the apex of the cor-
responding structural, primary and secondary curves. Why 
similar coronal curves coincide with different sagittal pat-
terns can likely be explained by the high heterogeneity of 
sagittal pelvic morphology and spino-pelvic alignment in 
the pediatric population. It may also serve as a differenti-
ating phenotypical marker of the disease that could be a 
track to better drive the analysis of genetic susceptibility.

In conclusion, segmental lordotic deformation is, together 
with rotation and lateral deviation an integral part of the 
complex three-dimensional deformity in AIS. Classification 
of 192 mild, 253 severe AIS and 156 controls according 
to the recently introduced Abelin-Genevois classification 
showed that even in mild AIS, the sum of the pre-existent 
sagittal profile and the rotated apical and junctional zones 
often present as a pathological sagittal alignment. Since sag-
ittal ‘malalignment’ is an integral part of the onset and early 
development of AIS, also at an early stage, treatment should 
include the sagittal pathological patterns of the disease.
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