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Abstract

Purpose To test the vertical posterior vertebral angles (VPVA) of the most caudal lumbar segments measured on EOS to
identify and classify the lumbosacral transitional vertebra (LSTV).

Methods We reviewed the EOS examinations of 906 patients to measure the VPVA at the most caudal lumbar segment
(cVPVA) and at the immediately proximal segment (pVPVA), with dVPVA being the result of their difference. Mann—Whit-
ney, Chi-square, and ROC curve statistics were used.

Results 172/906 patients (19%) had LSTV (112 females, mean age: 43 +21 years), and 89/172 had type I LSTV (52%),
42/172 type 11 (24%), 33/172 type 111 (19%), and 8/172 type IV (5%). The cVPVA and dVPVA in non-articulated patients
were significantly higher than those of patients with LSTYV, patients with only accessory articulations, and patients with only
bony fusion (all p <.001). The cVPVA and dVPVA in L5 sacralization were significantly higher than in S1 lumbarization
(p <.001). The following optimal cutoff was found: cVPVA of 28.2° (AUC =0.797) and dVPVA of 11.1° (AUC=0.782) to
identify LSTV; cVPVA of 28.2° (AUC=0.665) and dVPVA of 8° (AUC =0.718) to identify type Il LSTV; cVPVA of 25.5°
(AUC=0.797) and dVPVA of — 7.5° (AUC=0.831) to identify type III-IV LSTV; cVPVA of 20.4° (AUC =0.693) and
dVPVA of — 1.8° (AUC =0.665) to differentiate type II from III-IV LSTV; cVPVA of 17.9° (AUC=0.741) and dVPVA of
—4.5° (AUC=0.774) to differentiate L5 sacralization from S1 lumbarization.

Conclusion The cVPVA and dVPVA measured on EOS showed good diagnostic performance to identify LSTYV, to correctly
classify it, and to differentiate L5 sacralization from S1 lumbarization.

Keywords Lumbar spine - Lumbosacral transitional vertebra - LSTV - EOS - Angles

Introduction

Transitional anomalies at the lumbosacral junction are quite
common being observed in up to one-third of the popula-
tion. Lumbosacral transitional vertebra (LSTV) is more
frequently seen in L5 rather than S1 segment [1]. LSTV
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dures, degenerative changes of articular facets, and adjacent
disks herniation in young patients, with debated association
with low back pain [2—4]. Further, LSTV involves also neu-
ral arch elements, potentially leading to lumbar spine insta-
bility and predisposition to spondylolysis/spondylolisthesis
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as follows: type I, unilateral (Ia) or bilateral (Ib) enlarged
transverse processes; type I, unilateral (Ila) or bilateral (IIb)
unfused accessory articulation of the transverse processes
with the vertebral below; type III, unilateral (IIla) or bilat-
eral (ITIb) bony fusion of the transverse processes; type IV,
accessory articulation in one side and bony fusion in the
other side. For what concerns the controversial association
of LSTV with low back pain, it is still unclear whether low
back pain is more common or worse in LSTV [8, 9]. In a
large series of patients, Nardo et al. reported significantly
higher prevalence of low back pain in type II (73%) and
type IV (66%) LSTV as compared to patients without LSTV
(54%), with even lower frequency in type I (46%) and type
IIT (40%) LSTV [3]. These results were subsequently con-
firmed by Tang et al. [10], suggesting type II and type IV
LSTYV as risk factors for low back pain. Hence, a correct
LSTYV identification has non-negligible impact on surgical
and clinical management of patients. In this setting, imag-
ing has well-known limits. In a previous MRI study, more
than one-third of LSTV were missed and, in the remaining
cases, L5 was defined incorrectly in 60% of patients [11].
Conventional radiography (CR) is more accurate in both
detection and classification of transitional anomalies [12].
Several studies have tested variable vertebral dimensions and
angle measurements at the lumbosacral region, mostly on
CR, to find the best way to identify and categorize a LSTV
[13]. Farshad et al. used the vertical mid- and anterior verte-
bral angles of the most caudal segments of the lumbar spine
to assess patients with LSTV, reporting very high accuracy
using the differences of these angles to recognize a LSTV
on CR and MRI [14].

In lumbar spine imaging, CR is routinely used but is bur-
dened by non-negligible projective deformation and dose of
ionizing radiations. Recently, the EOS imaging system has
been released, which consists of a couple of X-ray tubes and
detectors, orthogonal one to the other, capable of simultane-
ous acquisition of lateral and anteroposterior views of the
full spine and lower limbs in standing position, thus pro-
viding images without the typical projective deformation of
CR. Two-dimensional EOS images can be transformed into
three-dimensional spine models giving an accurate 3D repre-
sentation of spine anatomy that can be used by surgeons for
pre-operative planning to obtain an optimal correction of the
spine. The correction can include simulating osteotomies,
selecting and positioning cages, and planning the length,
width, and shape of the spinal rods in 3D images. It allows
for 8—10 times reduction of radiation dose, which is quite
important especially for pediatric population [15]. EOS is
widely used in scoliosis imaging [16, 17], although it is still
routinely applied in few countries. But its utility has never
been tested in the evaluation of LSTV. Thus, we aimed to
test the vertical posterior vertebral angles (VPVA) of the
most caudal lumbar segments measured on a large series
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of patients subjected to EOS system examinations: (i) to
identify a LSTV; (ii) to correctly classify a LSTV according
to Castellvi grading; and (iii) to distinguish L5 sacralization
from S1 lumbarization.

Materials and methods
Study population

This retrospective study was approved by our Institutional
Review Board (RETRORAD, approved on May 11, 2017,
by Ospedale San Raffaele, Milano, Italy) with a waiver for
patients’ informed consent. This study is concerned with
the evaluation of segmented lordotic angles to assess and
classify LSTV on EOS system. Hence, we conducted a Pic-
ture Archive and Communications System search to include
consecutive patients who underwent EOS from September
2017 to January 2018 at our Institution, a tertiary orthopedic
surgery center, for several reasons including pre-operative
evaluation for spine surgery, scoliosis, lordosis, kyphosis,
spondylolysis, spondylolisthesis, spinal stenosis, fractures
and non-specific back pain. We excluded patients subjected
to previous lumbosacral surgery, follow-up examinations
that would have led to duplication of data, and those with
gonad protections shields that hindered the evaluation of
lumbosacral junction in anteroposterior images. Of 1,348
potentially eligible EOS examinations performed in the
index period, 906 were finally included in our series (614
females, 292 males).

EOS system

Low-dose biplanar (anteroposterior and lateral) X-ray-based
images were acquired with the EOS system (EOS Imaging
SA, Paris, France) in weight-bearing position with arms and
shoulders flexed, hands on cheeks, and free breathing [18].
At least the whole spine, the pelvis, and the femoral heads
were included in the images, with digitized images having
been simultaneously obtained in coronal and sagittal planes.
The EOS system provides spatially calibrated images;
thereby, no further calibration was required. Images were
acquired with the following standard parameters: 90 kV and
200 mA for anteroposterior images and 105 kV and 250 mA
for lateral images. Acquisition parameters were adapted to
patient habitus when needed.

Images interpretation

EOS images were first reviewed by a radiologist with
7 years’ experience in spine imaging who identified patients
with LSTV and classified LSTV according to Castellvi
method [7]. Then, similar to a previous study by Farshad
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et al. [14], a radiologist with three years’ experience in
spine imaging, blinded to Castellvi classification and hav-
ing access to sagittal images only, measured the segmented
lordotic angles using the vertical posterior vertebral angles
(VPVA) of the two most caudal lumbar segments and their
difference (dVPVA). The segmented lordotic angles were
measured on sagittal images at the most caudal segment
(that with a fully developed disk extending across the full
width of a segment) and at the immediately proximal seg-
ment, being defined as cVPVA and pVPVA, respectively.
The dVPVA was the result of the difference between the
cVPVA and pVPVA.

Statistical analysis

Continuous variables are reported as mean + standard devia-
tion. Statistical differences between patients with and those
without LSTYV, as well as between different types of LSTV,
were compared using Mann—Whitney U test. Specifically, we
evaluated the differences between non-articulated patients
(non-LSTV +type I LSTV), patients with unfused acces-
sory articulation (type II LSTV), and patients with osse-
ous fusion (type III-IV LSTV). Frequencies were compared
using the Chi-square test. Receiver operating characteristic
(ROC) curve analysis and calculation of the area under the
ROC curve (AUC) were used to calculate the diagnostic
performance of cVPVA and dVPVA as diagnostic tools. A
P value <0.05 was considered statistically significant [19].
The SPSS software (v. 26, IBM, Armonk, New York, NY)
was used for statistical analysis.

Results

Of 906 patients included in our series, 172 (19%) had
LSTV (112 females, 60 males; mean age: 43 +21 years).
The presence of LSTV was slightly but not significantly
(p=0.685) more frequent in males (60/292, 21%) than in
females (112/614, 18%). Eighty-nine out of 172 patients
had type I LSTV (52%), 42/172 had type 11 (24%), 33/172

had type III (19%), and 8/172 had type IV (4%). The
mean cVPVA, pVPVA, and dVPVA were 32.3° +10.2°,
16.2°+7.2°, and 16° + 14.1° in non-articulated patients,
22.2°+12.7°,20.6° + 10.8°, and 1.6°+19.7° in patients
with unfused accessory articulation, and 14.9° +10.9°,
24.8°+11°, and — 9.9°+19.3° in fused patients. The
values of cVPVA and dVPVA of non-articulated patients
were significantly higher than those of patients with LSTV,
patients with only unfused accessory articulations, and
patients with only bony fusion (all with p <0.001). These
measures were also significantly higher in patients with
unfused accessory articulations when compared with
patients with bony fusion (p =0.002 for cVPVA, p=0.010
for dVPVA). The cVPVA and dVPVA of patients with
L5 sacralization were higher than those of patients with
S1 lumbarization; these differences were statistically
significant (p <0.001) when all types of Castellvi were
included, while it was not significant when only patients
with unfused accessory articulation and bony fusion
(types II-III-IV) were analyzed (p =0.211 and p =0.140,
respectively). Full data and statistical comparisons of
mean cVPVA, pVPVA, and dVPVA values are reported
in Tables 1 and 2. Figures 1 and 2 show two cases from
our study population.

Full ROC curve analysis is reported in Table 3. Specifi-
cally, the following optimal cutoff values were found:

cVPVA of 28.2° (AUC=0.797) and dVPVA of 11.1°
(AUC=0.782) to identify LSTV;

cVPVA of 28.2° (AUC=0.665) and dVPVA of 8°
(AUC=0.718) to identify type Il LSTV;

cVPVA of 25.5° (AUC=0.797) and dVPVA of — 7.5°
(AUC=0.831) to identify type III-IV LSTV;

cVPVA of 20.4° (AUC=0.693) and dVPVA of — 1.8°
(AUC=0.665) to differentiate type II LSTV from type
HI-1V LSTV;

cVPVA of 17.9° (AUC=0.741) and dVPVA of — 4.5°
(AUC=0.774) to differentiate L5 sacralization from S1
lumbarization including all Castellvi types.

Table 1 The mean + standard
deviation of cVPVA, pVPVA,

dVPVA of 906 patients on the
basis of LSTV classification
according to Castellvi

No. of patients Gender cVPVA pVPVA dVPVA
No LSTV 734 230 m, 502 f 32.4°+10.1° 16.2°+7.1° 16.2°+13.7°
Castellvi I 89 37m,52f 30.8°+11.6° 16.1°+7.7° 14.7°+16.5°
Castellvi I 42 13m, 29 f 22.2°+12.7° 20.6°+10.8° 1.6°+19.7°
Castellvi IIT 33 8m,25f 13.9°+10.9° 25°+12.1° - 11.1°£20.3°
Castellvi IV 8 2m,6f 18.8°+10.6° 23.9°+5° —-5°+14.1°

cVPVA =caudal vertical posterior vertebral angle; pVPVA =proximal vertical posterior vertebral angle;
dVPVA =difference of vertical posterior vertebral angles; LSTV =lumbosacral transitional vertebra
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Table 2 All statistical

. cVPVA pVPVA dVPVA

comparisons of mean cVPVA,

pVPVA, and dVPVA values No LSTV + Cast I 32.3°+10.2° 16.2°+7.2° 16°+14.1°
Cast II-11I-IV 18.6°+12.3° 22.7°x11° —4.1°+£20.2°
P <.001 <.001 <.001
No LSTV +Cast I 32.3°+10.2° 16.2°+7.2° 16°+14.1°
Cast IT 22.2°+12.7° 20.6°+10.8° 1.6°+19.7°
P <.001 .072 <.001
No LSTV +Cast I 32.3°+10.2° 16.2°+7.2° 16°+14.1°
Cast ITII-IV 14.9°+10.9° 24.8°+11° -9.9°+19.3°
P <.001 <.001 <.001
Cast IT 22.2°+12.7° 20.6°+10.8° 1.6°+19.7°
Cast III-IV 14.9°+10.9° 24.8°+11° -9.9°+19.3°
P .002 .076 .010
L5 sacralization (Cast I-II-III-1V) 26.4°+12.9° 18.3°+10.1° 8.1°+20.3°
S1 lumbarization (Cast I-1I-1II-1V) 14.9°+12.4° 25.7°+6.7° —10.8°+14.5°
P <.001 <.001 <.001
L5 sacralization (Cast II-1II-IV) 19.6°+12.2° 21.8°+12.1° —2.2°421.8°
S1 lumbarization (Cast II-III-IV) 15.6°+12.2° 25.2°+6.5° —-9.7°+13.8°
P 211 196 .140

cVPVA =caudal vertical posterior vertebral angle; pVPVA =proximal vertical posterior vertebral angle;
dVPVA =difference of vertical posterior vertebral angles; LSTV =Ilumbosacral transitional vertebra;
Cast=Castellvi type; P =statistical significance after Mann—Whitney U test; italic indicates all significant
differences (p <.002)

Fig.1 EOS examination of a 32-year-old female patient without
LSTV. Coronal (a) and sagittal (b) EOS examination of the full
spine. In detail, pVPVA of 20.0° (¢) and cVPVA of 47.1° (d) on
sagittal views of the lumbosacral junction. The dVPVA=cVPVA-
pVPVA =47.1°-20.0°=27.1°

@ Springer

Fig.2 EOS examination of a 25-year-old female patient with-
out LSTV. Coronal (a) and sagittal (b) EOS examination of the
full spine. In detail, pVPVA of 37.7° (¢) and cVPVA of 5.2° (d) on
sagittal views of the lumbosacral junction. The dVPVA=cVPVA-
pVPVA =5.2°-37.7°=—32.5°
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Table 3 Full ROC curve analysis

cVPVA dVPVA
Cutoff  Sensitiv- Specific- Accuracy (%)  Cutoff  Sensitiv- Specific- Accuracy (%)
ity (%) ity (%) ity (%) ity (%)
LSTV II-II-IV vs. non-LSTV+LSTVI  28.2° 77 67 80 11.1° 72 67 78
LSTV HI-IV vs. non-LSTV +LSTV I 25.5° 71 79 80 -175° 71 92 83
LSTV II vs. non-LSTV+LSTV I 28.2° 64 71 66 8° 67 66 72
LSTV Il vs. LSTV III 20.4° 71 57 69 -18 71 57 66
L5 sacralization vs. S1 lumbarization 17.9° 73 75 74 —-4.5° 77 73 71

cVPVA =caudal vertical posterior vertebral angle; pVPVA =proximal vertical posterior vertebral angle; dVPVA =difference of vertical poste-

rior vertebral angles; LSTV =lumbosacral transitional vertebra

Discussion

Our main finding was the good diagnostic performance
(accuracy around 80%) of cVPVA and dVPVA to identify
the LSTV, with accuracies ranging from 66 to 83% to cor-
rectly classify a LSTV according to Castellvi and to differ-
entiate L5 sacralization from S1 lumbarization.

In our study, LSTV had a prevalence of 19% and was
slightly more frequent in men, which is in line with previ-
ous studies, although high variability exists in the reported
frequency of LSTV. In a series of 4,636 patients, Nardo et al.
reported a prevalence of 18% with significantly higher fre-
quency in men (28%) than in women (11%) [4]. Delport
et al. found LSTV in 30% of patients, although their sample
size was smaller (n =300 patients) [20]. Anyway, this condi-
tion is quite common in the general population and needs
to be considered in patients with low back pain, especially
prior to spine injections or surgery [21].

In this setting, the main challenge is the detection
and classification of LSTV. Anteroposterior CR is the
reference standard for LSTV detection with accuracy of
76—-84%, while the accuracy in the classification of LSTV
is lower (53-58%) [12]. Sagittal radiograph shows the
typical “squaring” of the LSTV and lower height of the
transitional disk [22]. The diagnostic performance of MRI
is even lower due to the absence of coronal images in most
standard protocols of the lumbar spine. EOS examination
enables to easily identify LSTV since whole-spine coro-
nal images, which we used as reference to classify our
patients, allow for precise identification of both numeric
and morphological vertebral variations and to correctly
identify L1 vertebral body by differentiating hypoplastic
true ribs from large transverse processes at the thora-
columbar junction [23]. This can be done with minimal
radiation exposure, avoiding the magnification error of
CR, and in weight-bearing position therefore obtaining
essential information about spinal balance [24, 25]. Once
having classified our patients, we tested the diagnostic
performance of the posterior vertebral angles of the two

most caudal lumbar segments (cVPVA and pVPVA) and
their difference (dVPVA). Similarly, Farshad et al. used
the vertical mid- and anterior vertebral angles reporting
sensitivity of 94-100% and specificity of 74—89% using
the differences of these angles to identify LSTV on CR
and MRI [14]. Specifically, they found that the difference
of the most caudal angles of 10° yielded a sensitivity of
100% and a specificity of 89% on MRI and a sensitivity
of 94% and a specificity of 74% on sagittal radiograph to
identify type III-IV LSTV. As in their study, we observed
the greatest cVPVA in non-articulated patients with a
progressive decrease in patients with unfused accessory
articulation and bony fusion, associated with progressive
increase in pVPVA. Of course, a progressive decrease in
dVPVA was also found with differences having shown
negative values in patients with bony fusion (mean dVPVA
of —9.9+19.3°in type III-IV LSTV). A dVPVA of 11.1°
yielded sensitivity of 72% and specificity of 67% to dif-
ferentiate LSTV from non-articulated patients. This is
related to the lack of sharp angulations at the lumbosa-
cral junction in patients with transitional anomalies and
increased lumbar lordotic curvature cranial to the LSTV
[12]. Our measurements, compared with the radiographic
results of Farshad et al., yielded slightly lower values of
accuracy, with lower sensitivity (71%) but higher speci-
ficity (92%) using — 7.5° as optimal dVPVA to identify
type IHI-IV LSTV. If we had used 10° as optimal cutoff, as
done by Farshad et al., we would have reached sensitiv-
ity of 71% but specificity of 86%. We also found that an
optimal cVPVA of 28.2° had sensitivity and specificity
of 77% and 67% to identify a LSTV and 64% and 66% to
differentiate type II LSTV from non-articulated patients.
These results show how these measurements may increase
the diagnostic performance of standard sagittal radiograph
in the classification of LSTV, but underline a possible
drawback of the measurements proposed by Farshad et al.
Indeed, the measurements of the posterior vertebral angles
are very similar to those obtained at the anterior side and
mid-portion of the vertebral bodies in sagittal views by
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Farshad et al. who probably evaluated non-weight-bearing
CR (although it is not clear), but the accuracy of our meas-
ures could have been slightly lower due to the acquisition
in weight-bearing position.

Another issue is the recognition of LSTV as L5 or S1,
since transitional anomalies may lead to wrong-level sur-
gery and procedures. To correctly number a LSTV, several
indirect signs related to the position of paraspinal struc-
tures have been proposed, including the insertion of iliol-
umbar ligaments, the position of aortic bifurcation, infe-
rior vena cava confluence, right renal artery, celiac trunk,
and superior mesenteric artery, although the position of
these structures varies widely from one person to another
and with increasing age [23]. We even tried to understand
whether the segmented lordotic angles could be helpful
to differentiate L5 sacralization from S1 lumbarization in
sagittal views. We found significantly higher cVPVA and
dVPVA, and significantly lower pVPVA, in patients with
L5 sacralization than in those with S1 lumbarization. The
cVPVA and dVPVA of 17.9° and — 4.5° reached accuracy
of 74% and 77%, respectively, with values of sensitivity
and specificity always higher than 70%. Thus, it seems
that when the LSTV is LS5, the junction lordotic angle is
higher than in case of S1 lumbarization with an exagger-
ated lordotic angle in the immediately cranial segment
(pVPVA). This could be helpful to correctly number the
LSTV when anteroposterior radiography is not univocal or
when dealing with MRI without coronal images. However,
these data need to be confirmed by studies on MRI and
non-weight-bearing CR.

Some limitations have to be considered. First, our
series included a little number of type IV LSTV, but it
was expected being a very rare condition. Then, we did
not consider the correlation of our measurements with the
sacral inclination angle, sacral slope, pelvic incidence, and
pelvic tilt. However, although we could obtain these values
on EOS examination, we decided to test angles which are
easily and quickly obtained also on standard CR and MRI
as for a potential use in daily clinical practice. Last, we
did not compare our values with those obtained in CR and
MRI examination, which should be the subject of future
studies.

In conclusion, we reported the good diagnostic perfor-
mance of posterior vertebral angles of the two most caudal
segments and their difference to identify LSTV, to cor-
rectly classify it, and to differentiate L5 sacralization from
S1 lumbarization. Further studies are needed to confirm
our results and to test the application of these measure-
ments in non-weight-bearing CR and MRI.
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