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Abstract
Purpose  The purpose of the present study was to validate a new spinal sagittal classification.
Methods  We retrospectively included 105 consecutive AIS patients who underwent posterior spinal fusion. Preoperative 
long-standing EOS radiographs were available on all patients. Patients were classified according to the four suggested sagittal 
patterns: type 1, 2a, 2b or 3. Several predetermined sagittal parameters were compared between the groups.
Results  The mean preoperative Cobb angle was 64° ± 12°, and 73% of the patients were female. Of 105 patients, 51 were 
type 1, 14 were type 2a, one was type 2b and 39 were type 3. The distribution of the four sagittal patterns was significantly 
different compared with the original publication (p < 0.05). However, the two study populations were comparable in terms 
of Lenke and Roussouly types (p = 0.49 and 0.47, respectively). In our study population, the sagittal groups differed signifi-
cantly in terms of thoracic kyphosis, length of thoracic and lumbar curves, lumbar lordosis, thoracic slope, C7 slope, pelvic 
incidence and sacral slope (p < 0.05).
Conclusion  The distribution of the four sagittal patterns varies between AIS cohorts. Type 2b was rare, which limits the 
clinical applicability. Contrary to the original publication, we found that the spinopelvic parameters lumbar lordosis, pelvic 
incidence and sacral slope were significantly different between the Abelin-Genevois types. Hence, the corrective surgical 
strategy may need to incorporate these spinopelvic parameters to achieve a balanced spine requiring a minimum of energy 
expenditure.
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Key points

1. A validation of a new sagittal classification in a consecutive series of 
105 AIS patients surgically treated in a single pediatric spine unit. 

2. Of 105 patients, 51 were type 1, 14 were type 2a, one was type 2b and 
39 were type 3. 

3. The distribution of the four sagittal patterns was significantly different 
compared with the original publication (p<0.05). However, the two 
study populations were comparable in terms of Lenke- and Roussouly 
types. 
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2. We could not differentiate the cervical parameters between the 
Abelin-Genevois types. 

3. Contrary to the original publication, we found that global LL, PI 
and SS were significantly different between some of the Abelin-
Genevois types. Hence, the corrective surgical strategy may need to 
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Introduction

Adolescent idiopathic scoliosis (AIS) is a three-dimen-
sional deformity of the spine. Surgical treatment of AIS 
requires attention to both the coronal and sagittal deform-
ity. Recently, focus has been on maintaining or restor-
ing sagittal alignment after surgical treatment of adult 
spinal deformity, due to evidence suggesting that mala-
lignment is correlated with dysfunction and decreased 
quality of life [1, 2]. Furthermore, sagittal imbalance has 
also been associated with a high complication rate—and 
increases the risk of lumbar pathology after long spinal 
fusions [3, 4]. Less is known about the consequences of 
sagittal malalignment in AIS. Overall, this highlights 
the need for accurate preoperative sagittal evaluation for 
direct comparison of research findings and postoperative 
complications. The Lenke classification [5] is used for 
preoperative planning of AIS curve types, but the coro-
nal component is primarily used in the surgical strategy, 
whereas the sagittal variables are not typically used in 
preoperative planning. Abelin-Genevois et al. [6] have 
recently suggested a new classification system describing 
four sagittal profiles to guide the surgical strategy and to 
serve as a complementary tool to the Lenke classification. 
Before this classification system can be generally applied, 
it needs to be validated in different patient populations. 
Therefore, we aimed to validate this new classification 
system in an independent cohort.

Materials and methods

This study included a consecutive series of AIS patients 
surgically treated in a single pediatric spine unit from Janu-
ary 1, 2015, to December 31, 2017. We included patients 
undergoing surgical treatment with posterior fusion only 
and excluded patients without preoperative and postopera-
tive long-standing EOS radiographs. Study approval was 
obtained from the institutional review board.

Patients were categorized using the recently published 
sagittal classification for AIS [6] (Fig. 1):

Type 1: normal sagittal shape. Defined as T10–L2 > − 10° 
(negative values indicate lordosis) and T4–T12 ≥ 20°.
Type 2a: hypokyphotic thoracic spine with cervical 
kyphosis (preserving three alternating sagittal curves). 
Defined by T4–T12 < 20° and T10–L2 between − 10° and 
10°.
Type 2b: thoracic hypokyphosis and thoracolumbar 
kyphosis, sagittal shape including four alternating sagit-
tal curves. Defined by T4–T12 < 20° and T10–L2 > 10°.
Type 3: only two alternating sagittal curves: a proximal 
cervicothoracic kyphosis and a long thoracolumbar lor-
dosis. Defined by T10–L2 ≤ − 10° (Fig. 2).

The classification algorithm was received from the cor-
responding author to the original article.

As only one patient was type 2b, we merged groups 
2a and 2b in the comparative analysis between groups, to 
improve the statistical power of the study.

Fig. 1   Abelin-Genevois four 
sagittal AIS types
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Radiographic assessment

Radiographic assessment was performed with EOS 
imaging® system (EOS Imaging, France), and supine bend-
ing films were included for Lenke classification. The EOS 
imaging system takes simultaneous frontal and lateral radio-
graphs of the whole spine in standing position and with arms 
flexed in 45°. Radiographs were uploaded to an online imag-
ing software KEOPS® (S.M.A.I.O, Lyon, France) where all 
measurements were performed by the primary author.

Frontal radiographs and bending films: Measurements 
included major curve (Cobb’s angle) and Lenke type [5].

Lateral radiographs: Measurements included the follow-
ing: global cervical spine angle (C1–C7), upper cervical 
angle (C1–C2), lower cervical angle (C2–C7), C7 slope: 
formed by the tangent to the inferior endplate of C7 and the 
horizontal reference line and fixed thoracic kyphosis (TK) 
(T4–T12), global TK, length of global TK. Lumbar param-
eters included fixed lumbar lordosis (LL) (L1–S1), global 
LL and length of global LL.

All patients were categorized according to Roussouly [7].

Global LL and global TK were measured in relation to the 
position of the inflexion point and found at the limit where 
one curve transitioned into another [8].

Furthermore, we also included the following spinopel-
vic parameters: pelvic incidence (PI), sacral slope (SS) and 
pelvic tilt (PT).

If the patient presented with an odd number of vertebrae, 
the vertebrae labeling suggested by the Spinal Deformity 
Study Group was used [9].

Statistical analysis

Patients were categorized based on the sagittal profile into 
the four groups defined by Abelin-Genevois et al. [6]. We 
compared our population to the original using Fisher’s exact 
test and Chi-squared test as appropriate. Continuous data 
were assessed for normal distribution using histograms and 
reported as mean ± standard deviation and analyzed using 
ANOVA. Post hoc analysis was done with Tukey’s honestly 
significant difference test. Non-normally distributed data 
were reported with median and interquartile range (IQR), 

Fig. 2   Distribution of different 
classification systems between 
our population and the original 
population
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and groups were compared using Kruskal–Wallis test and 
post hoc pairwise Wilcoxon rank-sum test. Furthermore, 
correlation between specific spinopelvic parameters includ-
ing PI, PT and SS and the earlier described kyphotic and 
lordotic parameters was assessed using Spearman correla-
tion analysis. A p value < 0.05 was considered statistically 
significant. All statistical analyses were performed using R, 
version 3.4.1 (R Core Team, 2015, Vienna, Austria).

Results

During the study period, 122 patients were identified as eli-
gible for inclusion. We excluded 7 patients due to instru-
mentation with magnetically controlled growing rods and 
10 patients due to anterior only surgery. Of 105 patients, 
51 patients were type 1, 14 patients were type 2a, 1 patient 
was type 2b and 39 patients were type 3. The four sagittal 
groups did not differ significantly in age and mean preop-
erative major curve size (Table 1). The mean preoperative 
major curve angle was 64 ± 12°, and 73% of the patients 
were females. Twenty percent of patients were Risser grade 
5, 46% were grade 4, 11% were grade 3, 6% grade 2, 4% 
grade 1 and 13% grade 0. Comparing this study population 
to the original one, we saw a clear difference in distribu-
tion of the four sagittal types (p < 0.01) (Fig. 2). There was 
no statistically significant difference between the original 
cohort and our cohort in terms of Lenke types or Roussouly 
types (p = 0.48 and p = 0.47, respectively) (Table 1) (Fig. 2).

Comparison of sagittal parameters across the three 
sagittal groups

The distribution of the sagittal and spinopelvic parameters 
across the three groups (type 1, type 2 and type 3) is pre-
sented in Table 3. Type 1 had a mean global TK 36° ± 17 
with 10 ± 2 vertebrae in the TK and 6 (IQR 5-7) vertebrae in 
the LL and a global LL 61° ± 11. The C7 slope was positive 
and the thoracolumbar junction straight (Fig. 3). In type 2, 
we found a mean global TK 17° ± 7 and global LL 51° ± 12. 
Global C angle was 16° ± 11 (Figs. 4 and 5). Type 3 had a 
mean global TK 30.5° (± 10.7) and mean thoracic vertebrae 
8 (± 2.4). Global LL was 66.1° (± 14.2) with median lumbar 
vertebrae 8 (IQR 7-10) (Fig. 6).   

Regarding the thoracic parameters, the three sagit-
tal groups differed significantly in terms of global TK 
(p < .001), fixed TK (p < .001) and length of thoracic curve 
(p = .007). We found statistically significant difference 
between groups 1 and 2 and groups 1 and 3 in terms of fixed 
TK (Table 2). All the groups differed significantly from each 
other regarding global TK. The mean number of thoracic 
vertebrae was significantly different between groups 1 and 3.

We found significant differences between the groups in 
terms of global LL (p < 0.001), fixed LL (p < .001), T10–L2 
angle (p < .001) and length of lumbar curves (p < 0.001) 
(Table 2). The post hoc test further indicated a significantly 
different relationship between groups 1 and 2, and 2 and 3 
in terms of global LL. Only groups 1 and 2 were signifi-
cantly different in terms of fixed LL. The length of lumbar 
curve was significantly different between groups 1 and 3 and 
between groups 2 and 3.

The C7 slope was significantly different between the three 
groups (p = 0.04). The main reason for the difference was 
found in the post hoc test between groups 1 and 2. We found 

Table 1   Descriptive 
characteristic of the AIS 
population

Continuous data are summarized by mean ± SD

Variable Abelin-Genevois 
type 1 (n = 51)

Abelin-Genevois 
type 2a (n = 14)

Abelin-Genevois 
type 2b (n = 1)

Abelin-Genevois 
type 3 (n = 39)

p value

Age (years) 14 ± 2 14 ± 2 13 ± NA 15 ± 2 0.56
Female, no. 39 (77%) 11 (79%) 1 (100%) 26 (67%) 0.64
Cobb (°) 64 ± 13 63 ± 7 74 ± NA 64 ± 1 0.84
Roussouly type, no.
 1 0 (0%) 0 (0%) 0 (0%) 1 (3%)
 2 13 (26%) 3 (21%) 1 (100%) 3 (8%)
 3 23 (45%) 6 (43%) 0 (0%) 10 (26%)
 4 15 (29%) 5 (36%) 0 (0%) 25 (64%) 0.03

Lenke type, no.
 1 17 (33%) 6 (43%) 0 (0%) 23 (59%)
 2 8 (16%) 2 (14%) 0 (0%) 8 (21%)
 3 and 4 7 (14%) 2 (14%) 0 (0%) 6 (15%)
 5 and 6 19 (37%) 4 (29%) 1 (100%) 2 (5%) 0.02
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no difference between the groups in terms of cervical lordo-
sis (p = 0.28) or upper and lower cervical angle (p = .69 and 
p = .18, respectively).

Finally, the spinopelvic parameters were distributed 
statistically significant different from the original study in 
terms of SS (p = .004) and PI (p = .003). The main expla-
nation for the difference between the groups was found in 
groups 1 and 3 in the post hoc analysis (Table 2).

Correlation analysis

Correlation analysis showed good correlation between the 
spinopelvic parameters and the lumbar parameters. Thus, 
PI was related to global LL and fixed LL and was inversely 
correlated with the T10–L2 angle. SS also showed signifi-
cantly positive correlation with global LL, fixed LL and 
inverse correlation with T10–L2. Thus, the greater the SS, 
the smaller the T10–L2 angle. The regional thoracic param-
eters were positively correlated with the lumbar parameters. 
Specifically, there was a modest correlation between fixed 
TK and T10–L2. Finally, C7 slope showed significant cor-
relation with both lumbar and thoracic parameters (Table 3).

Discussion

In this study, we found a significantly different distribution 
in sagittal curve types compared to the original publication 
by Abelin-Genevois et al. Since only one patient was a type 
2b, this study could only identify three clinically meaningful 
sagittal types.

Type 1, sagittal profile, was found in 49% of the patients. 
Still 27% of the type 1 patients were hyperkyphotic 
(T4–T12 > 40°) compared to the normal population. This 
is in line with previous studies showing that although AIS 
patients are traditionally believed to have a relative hypoky-
phosis there is substantial variation of the TK at the preop-
erative stage [10]. The current classification system does 
not actually distinguish between normal and hyperkyphosis, 
which we believe is a limitation of the classification.

Type 2a, hypokyphotic sagittal profile, was found in 
only 13% patients compared with 39% in the original pub-
lication. Type 2a is classified by a normal thoracolumbar 
junction and hypokyphosis. Nonetheless, 18% of type 3 
patients had a global hypokyphosis, which could be the 
reason for the discrepancy between the numbers in types 

Fig. 3   EOS imaging®, frontal 
and lateral radiographs in a 
patient with Lenke type 1a and 
Abelin-Genevois type 1
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2 and 3 compared to the original population. Type 3 is 
only characterized by the thoracolumbar junction and not 
by any kyphotic measurements. A recent study by Abelin-
Genevois et al. [11] found poor correlation between the 2D 
and 3D measures of T10–L2. The uncertainty of T10–L2 
measurement in the 2D projection could be the reason 
for our difficulties distinguishing type 2 from type 3. We 
believe this highlights the algorithm’s need for revision 
since the measurement of the thoracolumbar junction is 
the most pivotal parameter in the classification algorithm. 
Finally, we saw that type 2 patients had a reduced C7 slope 
compared to the normal type 1, indicating that the hypoky-
photic/straight spine continues in the cervical region.

Type 3 is characterized by cervicothoracic kyphosis and 
a lordotic thoracolumbar junction. In comparison with the 
normal type 1 patients, we saw that type 3 patients had 
significantly longer lordosis (no. of vertebrae) even though 
the magnitude of the global LL was not significantly dif-
ferent. These findings are in accordance with the origi-
nal paper. However, we found no significant difference 

in cervical parameters when comparing group 3 to either 
group 1 or 2, contrary to the original publication.

Studies show that postoperative changes in the cervical 
profile vary according to the preoperative sagittal profile 
of TK and therefore support the inclusion of the cervical 
parameters in the preoperative planning [12–14]. For this 
reason, Abelin-Genevois et al. designed this classification 
system to address and include the cervical spine in the pre-
operative planning. Nevertheless, we could not differentiate 
the cervical parameters between the three Abelin-Genevois 
types. We did, however, find a reduced C7 slope in the 
hypokyphotic type 2, supporting the idea that each region 
of the spine is interdependent of each other. Little consensus 
exists in terms of cervical parameters and its association 
with health-related quality of life in patients with AIS [12, 
15, 16]. Still, many studies report high incidence of cervical 
kyphosis in thoracic AIS, some up to 67% preoperatively 
[12, 17, 18]. In our population, only 6 patients had a global 
cervical kyphosis (cervical angle above 0°). To our knowl-
edge, there is no strong evidence showing that changes in 

Fig. 4   EOS imaging®, frontal 
and lateral radiographs in a 
patient with Lenke type 1a and 
Abelin-Genevois type 2a
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cervical parameters following AIS surgery translate into 
decreased quality of life. Considering our data, we do not 
find support for including cervical parameters in the preop-
erative evaluation.

A balanced spine is obtained when the spine and pelvis 
are aligned so that energy expenditure is minimized [19]. 
Roussouly et al. described how changes in the spinopel-
vic profile occur after surgical correction in AIS. They 
found altered pelvic alignment with pelvic retroversion 
resulted in increased PT and therefore a slightly decreased 
SS [13]. These data support the importance of evaluating 
the spinopelvic parameters before surgery. Compared to 
the original study, the most substantial finding in our data 
is the difference in the spinopelvic parameters between the 
Abelin-Genevois types. Mac-Thiong et al. [20] evaluated 
the spinopelvic parameters in normal children and adoles-
cents and found mean values of PI, PT and SS comparable 
to our results. In the present study, the spinopelvic param-
eters, PI and SS, were found to be significantly different 
between type 1 and type 3. Furthermore, PI was signifi-
cantly correlated with global lordosis, fixed LL and the 

thoracolumbar junction. Studies on spinopelvic balance 
in the normal pediatric population and in AIS patients 
have shown strong correlation between PI and the orien-
tation of the sacrum (SS) and the pelvis (PT) [20, 21]. 
Furthermore, they also found that SS correlates with the 
shape of the lordosis (LL) [20]. This is in accordance with 
our results and supports the possible difference between 
Abelin-Genevois types 1 and 3. Type 3 is characterized 
by a longer and larger lordosis and therefore also a larger 
PI and SS. The strong relationship between PI and lumbar 
sagittal alignment in both normal and AIS spines empha-
sizes the importance of considering both pelvic anatomy 
and position relative to the sagittal alignment. We found 
poor correlation between SS and PT. Theoretically, these 
two parameters should be inversely correlated. The differ-
ence between the two cohorts in terms of pelvic param-
eters as well as the poor correlation between SS and PT 
could be attributed to pelvic parameters depending on age 
and race [8, 22, 23]. This is further supported by the rela-
tively large proportion (23%) of our patients with a Risser 
grade below or equal to 3. Thus, comparing populations 

Fig. 5   EOS imaging®, frontal 
and lateral radiographs in a 
patient with Lenke type 6c and 
Abelin-Genevois type 2b
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with different bone ages with respect to pelvic parameters 
could be ambiguous.

The current study has some limitations. Absolute values 
are difficult to compare between studies considering inter-
observer variation. Both the original study and this study 
have small populations, which could lead to a potential 
type 2 error. Furthermore, we used a conservative post hoc 
analysis, and by decreasing our type 1 error, we may have 
increased the risk of type 2 error. This could potentially 
explain some of the incongruence between the original study 
and our results. Lastly, it is criticized that 2D lateral view 
results from the projection of the 3D deformity.

We suggest further validation in different and larger 
demographic settings. In addition, our results show that the 
current algorithm only provides segmental sagittal classifi-
cation of the spine and not, as intended, a global classifica-
tion into the four suggested sagittal types. In conclusion, we 

encourage further studies evaluating postoperative alignment 
in the four Abelin-Genevois types and support a classifica-
tion system with applicable sagittal parameters to assess the 
sagittal alignment as a tool to compare research findings and 
provide surgical guidelines in AIS. The published classifica-
tion does not fully explain how to classify the patients. This 
is probably due to an oversimplification of the classification 
algorithm, which is why we suggest further revision before 
general application.

Conclusion

The distribution of the four sagittal patterns varies 
between AIS cohorts. Type 2b was rare, which limits the 
clinical applicability. Contrary to the original publication, 
we found that global LL, PI and SS were significantly 

Fig. 6   EOS imaging®, frontal 
and lateral radiographs in a 
patient with Lenke type 1a and 
Abelin-Genevois type 3
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different between some of the Abelin-Genevois types. 
Hence, the corrective surgical strategy may need to incor-
porate spinopelvic parameters to achieve a balanced spine. 
Finally, this study did not provide supporting evidence to 
include the cervical parameters in the preoperative evalu-
ation of AIS patients.
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