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Abstract

Purpose Spinopelvic sagittal alignment is crucial for assessing balance and determining treatment efficacy in patients with
adult spinal deformity (ASD). Only a limited number of reports have addressed spinopelvic parameters and lumbosacral
transitional vertebrae (LSTV). Our primary objective was to study spinopelvic sagittal parameter changes in patients with
LSTV. A secondary objective was to investigate clinical symptoms and quality of life (QOL) in patients with LSTV.
Methods In this study, we investigated 371 participants who had undergone medical check-ups for the spine. LSTV was
evaluated using Castellvi’s classification, and patients were divided into LSTV+ (type II-IV, L5 vertebra articulated or fused
with the sacrum) and LSTV- groups. After propensity score matching for demographic data, we analyzed spinopelvic param-
eters, sacroiliac joint degeneration, clinical symptoms, and QOL for these two participant groups. Oswestry Disability Index
(ODI) scores and EQ-5D (EuroQol 5 dimensions) indices were compared between the two groups.

Results Forty-four patients each were analyzed in the LSTV +and LSTV- groups. The LSTV + group had significantly greater
pelvic incidence (52.1 +£11.2 vs. 47.8+10.0 degrees, P=0.031) and shorter pelvic thickness (10.2+0.9 vs. 10.7+0.8 cm,
P=0.018) compared to the LSTV- group. The “Sitting” domain of ODI (1.1+0.9 vs. 0.6+0.7, P=0.011) and “Pain/Dis-
comfort” domain of EQ-5D (2.0+0.8 vs. 1.6 +£0.7, P=0.005) were larger in the LSTV + group.

Conclusion There was a robust association between LSTV and pelvic sagittal parameters. Clinical symptoms also differed
between the two groups in some domains. Surgeons should be aware of the relationship between LSTV assessment, radio-
graphic parameters and clinical symptoms.

Level of evidence 3.

Keywords Spinopelvic alignment - Lumbosacral transitional vertebrae - Pelvic parameters - Sagittal alignment -
Surgical outcome - Clinical symptoms

Introduction quality-of-life (QOL) in patients with adult spinal defor-
mity (ASD) [1, 2]. Spinopelvic alignment observed on spi-
The complementary and compensatory chain of skeletal and ~ nal sagittal plane radiographs has been reported in several
vertebral alignments stretching from the head to the lower  studies to be associated with surgical outcomes, including
extremities are recognized as an essential mechanism for ~ QOL in patients with ASD [3, 4]. Of these spinopelvic sagit-
standing and normal life activities and are associated with  tal alignments, the pelvic parameters reflect patient-specific
pelvic morphology and are crucial in assessing the compen-
satory status of changes in the spinal column above the pel-
vis, including lumbar lordosis (LL) [5, 6].
On the other hand, the anatomy of the lumbosacral transi-
tion region and the pelvis has many individual variations [7—
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low back pain, and disc degeneration progression [10, 11].
However, despite the relatively high prevalence of LSTV,
there is limited and under-reported research on radiographic
spinopelvic sagittal alignment parameters in patients with
LSTV. We hypothesize that the anatomical features that
form the basis of radiological outcomes in the treatment of
patients with LSTV are not being analyzed and used to treat
and manage ASD.

The aim of this study was to investigate the general impact
of LSTV on spinopelvic sagittal alignment and its clinical
outcomes. We focused on the anatomic variations in the
lumbosacral transition region and hypothesized that patients
presenting with a type of LSTV where the L5 vertebra and
sacrum are articulated or fused have characteristic pelvic
sagittal parameters that differ from those without LSTV and
have degenerative changes in the adjacent sacroiliac joints
and worsening clinical symptoms. We believed that clari-
fying the relationship between the anatomical variations of
the lumbosacral transition region, the spinopelvic sagittal
alignment parameters, and the clinical symptoms would be
beneficial in understanding the etiology of the symptoms of
ASD patients with LSTV and planning a surgical strategy
for the treatment of patients with ASD.

The primary objective of the present study was to deter-
mine the changes in the radiological spinopelvic sagittal
parameters of patients with LSTV. Additionally, a second-
ary objective was to investigate the degenerative changes
in the sacroiliac joints, the clinical symptoms, and QOL in
patients with LSTV.

Materials and methods

In this study, we focused on the anatomic variations in the
lumbosacral transition region and hypothesized that patients
presenting with a type of LSTV where the L5 vertebra and
sacrum are articulated or fused have characteristic pelvic
sagittal parameters that differ from those without LSTV and
have degenerative changes in the adjacent sacroiliac joints
with worsening clinical symptoms. We included 371 par-
ticipants in this study who had undergone spinal check-ups
at a single institution. The participants in this study were
individuals who opted for a spinal radiographic examination
as part of their health check-up. Participants with a history
of treatment for spinal disorders, a history of spinal surgery,
or those with a subnormal number of vertebrae, i.e., other
than 12 thoracic or 5 lumbar vertebrae, were excluded from
the study. Participants underwent full-body radiographs
with a “hands-on-cheek” posture. Clinical symptoms and
QOL measurements were recorded using a questionnaire.
This study was approved by the local Institutional Review
Board (IRB Approval Number 2022-012 [0478]). Informed

consent was waived because of the retrospective nature of
the study and the analysis used anonymous clinical data.

Anatomical evaluation of the lumbosacral transition
region

The lumbosacral transition region in frontal radiographs
was evaluated using Castellvi’s classification [12] with par-
ticipants showing either no anatomical abnormality (where
the observed anatomy does not fit Castellvi’s classification)
or displaying Castellvi’s type I anatomy being classified as
belonging to the LSTV- group (Fig. 1). Participants present-
ing with Castellvi type II, III, and IV anatomies, display-
ing either an articulation between the L5 transverse process
and ala of the sacrum or a bony union of the L5 posterior
component with the sacrum, were classified as belonging to
the LSTV + group. After these two groups were adjusted for
age, height, and body weight using propensity score match-
ing, the spinopelvic sagittal radiographic parameters, sacro-
iliac joint degeneration, clinical symptoms, and QOL scores
of their participants were compared and analyzed.

Evaluation of radiographic parameters and
sacroiliac joint degeneration

Radiographic parameters were evaluated using sagittal
whole-body radiographs acquired with a scanning X-ray
imaging system (EOS Imaging, Paris, France) and included
thoracic kyphosis (TK: T1-12), lumbar lordosis (LL), pel-
vic incidence (PI), pelvic tilt (PT), sagittal pelvic thickness
(SPT: distance between the center of the sacral endplate and
the femoral heads), sagittal vertical axis (SVA), sacrofemo-
ral angle (SFA: reflex angle between the center of the sacral
endplate and the center of the femoral heads and the distal
femoral axis), and knee flexion (KF: angle between the fem-
oral axis and the tibial axis) (Fig. 2). Sacroiliac joint degen-
eration (SID) was also evaluated using the New York (NY)
classification [13] to assess frontal radiographs. Participants
with an NY classification grade 2 or higher assessment were
categorized as SID+. To investigate interobserver error in
the classification of LSTV and SID, radiographic image
classification was repeated independently by two surgeons
with 15 and 5 years of clinical experience: disagreements
in the grading were resolved by mutual consultation. The
kappa coefficient was calculated to test the interobserver
reliability of the measurements.

Assessment of clinical symptoms and quality of life
measurements

Clinical symptoms were assessed using the Oswestry dis-
ability index (ODI), and the ODI score was calculated by
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Fig. 1 Anatomical evaluation of the lumbosacral transition region. The alphanumeric represents Castellvi’s classification

dividing the sum of the scores obtained for the 9 items by
the full score, excluding the “sexual activity” item that had
a significantly low response rate. QOL was also assessed
using the European QOL 5 Dimensions 5 Levels (EQ-
5D-5 L) questionnaire; the Japanese version of the EQ-5D
index was calculated. [14]. Sub-items within the ODI and
the EQ-5D indices were also compared between the two
groups.

Statistical methods

All values are expressed as means + standard deviation. The
Mann-Whitney U test was used to determine significant dif-
ferences between the two groups for continuous variables
and ordered variables. Fisher’s exact test was used for uni-
variate analysis including categorical variables. The result
of the kappa coefficient measures of reliability were classi-
fied as very good (0.61-0.8) or reached near-perfect agree-
ment (0.81-1.0) according to the criteria previously reported
[15]. Statistical significance was set at P<0.05. The IBM
SPSS Statistics version 23.0 software (IBM Corp., Armonk,
NY) was used for statistical analyses.

Results
Of the 371 participants, three showed a lack of data and 31
had abnormal vertebral counts (e.g., four or six lumbar ver-

tebrae), and were excluded from the study. Of the remain-
ing 337 cases, 46 (13.6%) were classified as Castellvi

@ Springer

type 11, III, or IV and were assigned to the LSTV 4+ group.
After adjusting for age, height, and body weight by pro-
pensity score matching, the LSTV +and the LSTV- groups
with 44 patients each were analyzed. A flow chart of the
analysis is shown in Fig. 3. There was no demographic dif-
ference between the two groups, and SID was found in 9
(20.5%) cases in the LSTV- group and 17 (38.6%) in the
LSTV +group (P=0.101). Demographic data comparing
the LSTV- and LSTV + groups are shown in Table 1. The
interobserver reliability of the radiographic classification
was 0.818 and 0.649 for LSTV +indicating Castellvi type
IL, III, and I'V and for SID indicating NY classification grade
2 or higher, respectively (Table 2).

A comparison of radiographic parameters between the
LSTV- and LSTV + groups showed that PI was 47.8+10.0
and 52.1 +11.2 (degrees, P=0.031), and SPT was 10.7+0.8
and 10.2+0.9 (cm, P=0.018), respectively. There were
no significant differences in other vertebro-pelvic sagittal
parameters (Table 3).

In the comparison of clinical symptoms and QOL mea-
surements, there were no significant differences between
the two groups in the ODI and EQ-5D indices. A compari-
son of the domains of each questionnaire showed that the
LSTV—and LSTV+groups were 0.6+0.7 and 1.1+0.9
(P=0.011) for the domain of 5 “Sitting” on the ODI, and
1.6 +0.7 and 2.0+ 0.8 (P=0.005) for the domain of “Pain/
Discomfort” on the EQ-5D, respectively (Table 4).
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Fig.2 Whole-body sagittal
parameters. 7K thoracic kypho-
sis, LL lumbar lordosis, SS sacral
slope, PI pelvic incidence, PT
pelvic tilt, SPT sagittal pelvic
thickness, SVA sagittal vertical
axis, TPATI pelvic angle, KF
knee flexion angle, 44 ankle
angle

O-C2 angle

T1-slope <;\

Discussion

The present study showed that adults with LSTV have a spe-
cific anatomical and radiographic pelvic profile and pres-
ent with a worsening of the “Sitting” domain of the ODI
and the “Pain/Discomfort” domain of the EQ-5D ques-
tionnaires. This is the first study to detail the relationship
between LSTV, radiographic spinopelvic sagittal alignment,
and clinical symptoms in an adult cohort.

C2-7 lordotic angle

The radiographic profile of the spinopelvic sagittal plane
morphology is an important factor in determining the treat-
ment strategy pertaining to spine surgery for ASD that is
aimed at restoring a harmonious spinopelvic alignment in
the sagittal plane [3, 4]. There are many variations in human
pelvic anatomy and pelvic sagittal parameters are specific
to each person. It has been reported that pelvic radiographic
sagittal parameters are associated with the progression of
lumbar degeneration [7-9]. Haffer et al. [16] investigated
the relationship between the number of abnormalities
of lumbar vertebrae and pelvic sagittal parameters, and
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Spine dock medical checkup participants
n=2371

Excluded:

* Clinical data deficiency 3
+ Abnormal number of vertebrae 31

(21 thoracic and 10 [umbar vertebrac)

Participants included in the study
n =337
LSTV—: 291, LSTV+: 46

Adjustment for age, height, and weight using
the propensity score matching for an analysis

LSTV—: 44, LSTV+: 44

Fig. 3 A flowchart of the analysis in this study

Table 1 Demographic data comparing between LSTV- group and
LSTV + group

Table 3 Radiograpic parameters comparing between LSTV- group and
LSTV + group

LSTV- LSTV+ P LSTV- LSTV+ P
Number of patients 44 44 0O-C2 angle(°) 153+7.3 183+7.5 0.103
Gender, Female (n (%)) 22 (50%) 22 (50%) C2-7 lordotic angle(®) 53+10.7 2.3+10.7 0.163
Age 61.0+11.3 62.0+12.6 0.608 T1-slope (°) 25.6+7.2 25.4+8.4 0.960
Height 163.049.2 162.3+9.0 0.553 Lower TK(°) (T4-12) 382+12.8 33.9410.5 0.139
Weight 64.5+11.7 61.7+10.4 0.335 Global TK(°) (T1-12) 44.6+11.2 403+12.7 0.123
BMI 24.1+29 233+3.1 0.120 Lower LL(°) (L4-S1) 32.5+7.4 322479 0.890
SID 9 (20.5%) 17 (38.6%)  0.101 Global LL(°) (L1-S1) 46.0+10.5 449+13.9 0.943
Castellvi Clas. SS(°) 32.1+68 3434107 0.128
no LSTV 30 0 PT(°) 15.0+7.8 16.9+8.3 0.316
Ia, Ib 14 0 PI(°) 47.8+10.0 52.1+11.2 0.031
1la, 1Ib 0 39 SPT (cm) 10.7+0.8 10.2+0.9 0.018
[lla, TIb 0 4 average KF(°) 34447 4.6+5.1 0.381
LSITVV indicates lumb 10t itional tl brae, BMI bod A o1x28 ole3z 08
index,l;]Ich:azioﬁﬁlicoszzza;ler;??;; z(l)\?{a{' c‘{Z;sfi:ﬁzzft:i,ong gr:de};)mass SVA (cm) 0.5£2.5 1.1+3.6 0.337
TPA(°) 10.9+7.7 13.4+8.5 0.149

Table 2 Results of ICCs of radiographic classification

N Kappa 95%CI
LSTV+ 44 0.818 0.668-0.932
SID 44 0.649 0.441-0.808

ICC indicates intraclass correlation coefficients, CI confidence inter-
val, LSTV, lumbosacral transitional vertebrae, SID sacroilliac degen-
eration (NY classification > grade2)

@ Springer

LSTV indicates lumbosacral transitional vertebrae, 7K thoracic
kyphosis, LL lumbar lordosis, SS sacral slope, PT pelvic tilt, P/ pelvic
incidence, SPT sagittal pelvic thickness, KF knee flexion angle, 44
ankle angle, SVA4 sagittal vertical axis, TPA T1 pelvic angle

reported that patients with four or six lumbar vertebrae had
a greater PI in both groups, compared to a control group
with five lumbar vertebrae. Although only patients with
five vertebrae were included in our present analysis, the PI
for the LSTV + group tended to be greater than that in the
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Table 4 Functional status and quality-of-life impairment scores com-
paring between LSTV- group and LSTV + group

LSTV- LSTV+ P
ODI
1. Pain intensity 1.0+0.8 1.1+0.9 0.815
2. Personal care 0.5+0.5 0.5+0.6 0.620
3. Lifting 0.6+0.8 0.8+1.1 0.769
4. Walking 0.3+0.8 0.3+0.6 0.953
5. Sitting 0.6+0.7 1.1+0.9 0.011
6. Standing 0.7+0.8 0.9+1.0 0.524
7. Sleeping 0.3+0.5 0.3+0.7 0.515
9. Social life 0.8+1.0 0.6+0.9 0.475
10. Travelling 04+0.6 0.8+1.2 0.175
ODI score (total) 11.5+10.1 14.0+13.1 0.468
Equation 5D
Mobility 1.3+0.6 1.5+0.8 0.335
Self-care 1.1+0.3 1.2+04 0.322
Usual activities 1.3+0.5 1.5+£0.8 0.130
Pain/Discomfort 1.6+0.7 2.0+0.8 0.005
Anxiety/Depression 1.2+0.5 1.2+04 0.963
Equation 5D index 0.839+0.139 0.789+0.146 0.093

LSTV indicates lumbosacral transitional vertebrae, ODI Oswestry
Disability Index, Eq. 5D EuroQol 5 dimensions 5-levels

The section on “Sexual activity” in Sect. 8 of the ODI was excluded
from the analysis due to an insufficient number of questionnaire
responses

LSTV- group. SPT is an anatomical and functional param-
eter known to correlate with PI [17, 18]. Jean [18] observed
that this parameter, along with a ratio involving the length
of the upper plate of S1, reflects the lever arm of action of
spinopelvic muscles and ligaments and describing the abil-
ity of a subject to compensate a sagittal imbalance. Based on
the results of this study, simultaneous evaluation of LSTV
would be necessary during SPT measurement. Although the
change of the PI between the two groups, the magnitude of
change is very small, and the clinical relevance of changes
in the PI with LSTV might be negligible. On the other hand,
these result suggests that patients with LSTV have a dif-
ferent pelvic anatomy, at least radiographically, including
the sacral endplate that is a landmark in determining the PI
value, and is not simply a location for various measurement
points involved in determining the parameters. Hsieh et al.
[19] showed that patients with LSTV have lower L5/S disc
height that is independent of degeneration. This, combined
with the present study where the PI was greater in patients
with LSTYV, suggests that a greater restoration of lumbar lor-
dosis at cranial levels to the LSTV level is warranted, com-
mensurate with the greater PI in surgical treatment for ASD.
Aihara et al. [11] demonstrated that the iliolumbar ligaments
at the level above the transitional vertebrae were thinner
and weaker than those without LSTV. Several studies have
shown that the proximal adjacent levels to a transitional ver-
tebra were more degenerative than that of the lumbosacral

transitional region [20, 21]. These findings suggest that
patients with LSTV have different functional lumbosacral
boundaries and load distributions. Based on these findings,
a surgical strategy that does not extend the lower end of fix-
ation to the sacral pelvis, such as a floating fixation, may be
clinically applicable more in cases with LSTV than in cases
without LSTV. We believe that evaluation of the LSTV is
essential in determining a surgical strategy for corrective
fixation of ASD involving the lumbosacral region.

The pathology of LSTV and its clinical manifestations
have been discussed in previous studes, with the “Bertolotti
syndrome” reported to occur mainly in young patients with
low back pain [10, 22, 23]. Earlier reports using the LSTV
classification have reported that Castellvi types II, III, and
IV, in which the fifth lumbar vertebra is in contact with the
sacrum, have a high rate of lumbar degeneration and symp-
toms [8, 24]. In the present study, there was no difference
between the two groups in ODI scores and EQ-5D indices,
but there was a worsening in the “Sitting” domain of ODI and
“Pain/Discomfort” domain of EQ-5D in the LSTV + group
comprised of Castellvi types II, III, and I'V. Avimadje et al.
[23] reported the effects of intra-articular steroid injections
in patients with an enlarged L5 transverse process articulat-
ing with the sacrum or iliac crest. Several studies using bone
scintigraphy have demonstrated inflammation of transverse-
sacral articulation in symptomatic LSTV [25, 26]. Anatomic
variations in the lumbosacral transition region alter the
mechanical loading on the superior intervertebral discs and
surrounding joints, including the sacroiliac joints [9-11].
We hypothesized that adult patients with LSTV would have
decreased mobility between the fifth lumbar vertebra and
sacrum [10], and increased mechanical stress on the sacroil-
iac joints [9], resulting in increased degeneration of the sac-
roiliac joints adjacent to the lumbosacral transition region
compared to those without LSTV. However, the results of
this study showed no statistical difference in the progression
of degeneration of sacroiliac joints between the two groups.
This result may be related to the relatively low interobserver
reliability of SID classification determinations and lack of
statistical power in this study. Future studies, including
evaluation with CT, MRI, and bone scintigraphy, are needed
to clarify the relationship between LSTV, sacroiliac joint
degeneration, and clinical symptoms [26, 27].

This study has several limitations. First, this study used
Castellvi’s classification for LSTV that is inherently a classi-
fication of congenital anatomical features and may be inap-
propriate for adults, where age-related changes cannot be
excluded. Also, the method used to evaluate LSTV on frontal
radiographs may have overestimated the original anatomical
features of the patient, and this may explain the relatively
high prevalence of LSTV in the present study compared to
previous reports using computed tomography to diagnose
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LSTV [16]. Understanding these limitations underscores
the need for future studies utilizing other modalities that can
provide a more detailed structural assessment of LSTV. Fur-
thermore, anatomical variations in the thoracolumbar tran-
sition and lumbosacral transition areas, other than LSTV,
were not included as variables in this study. This limitation
may result in overlooking potential anatomical variations
and their impact on spinal alignment. Another limitation
is the lack of detailed data on the etiology of the clinical
symptoms presented in this study. Data on the association of
clinical symptoms with local treatments, such as sacroiliac
joint injection and orthotics, are needed to clarify this issue
[23]. Although the findings that patients with LSTV showed
statistically significant changes in the ODI and EQ-5D indi-
ces, whether these changes are clinically relevant remains
unclear. Despite these limitations, the present study showed
that adults with LSTV tended to have specific clinical symp-
toms and functional impairments.

Conclusions

We evaluated radiological whole-body sagittal parameters,
sacroiliac joint degeneration, clinical symptoms, and QOL
scores in patients with LSTV using Castellvi’s classification
in adult spinal checkup subjects. For radiographical param-
eters, PI was significantly greater in the LSTV + group.
The prevalence of SID with an NY classification grade of
2 or higher, the ODI score and EQ-5D index did not differ
between the two groups, but the “Sitting” domain of ODI
and “Pain/Discomfort” domain of EQ-5D were larger in
the LSTV + group than in the LSTV - group. When evalu-
ating the clinical presentation and radiologic alignment of
patients with ASD, surgeons should be aware of the associa-
tion with LSTV.
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