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Effect of lumbosacral transitional vertebra on developmental
alterations of the hip: a quantitative investigation of the lumbo-
pelvic-hip complex via whole-body computed tomography
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Background: Lumbosacral transitional vertebra (LSTV) is a common spinal variant, with the reported
prevalence varying from 8.1% to 36%. LSTV has been shown to alter the lumbo-pelvic parameters and
reduce the benefits of total hip arthroplasty, but the specific effects of LSTV on hip development remain
unclear. The aim of this study was thus to investigate the impact of LSTV on developmental alterations of
the hip.

Methods: A total of 310 individuals were categorized into three groups according to whole-body computed
tomography (CT) imaging: a group with sacralization of 23 presacral vertebrae (PSV) (n=102), a group with
lumbarization of 25 PSV (n=108), and a normal control group with 24 PSV (n=100). Quantitative parameters
of the lumbo-pelvic-hip complex (LPHC) including lumbar lordosis (LL), pelvic incidence (PI), pelvic
tile (PT), sacral slope (SS), axial and sagittal acetabular anteversion angle (AAA), center-edge (CE) angle,
Sharp angle, and femoral neck-shaft angle (FNSA) were measured and analyzed. Statistical analyses were
used to compare the differences of these quantitative parameters among the three groups and to assess the
relationship between hip and lumbar-pelvic parameters.

Results: Significant differences between each pair of three groups and the LSTV subgroups were only
found in the sagittal AAA (left side: P=0.008; right side: P<0.001), with no differences found for the other
parameters. Compared to the normal group (24 PSV), both the 23 PSV and 25 PSV groups exhibited
increased values in the sagittal AAA, especially in the right side of the 23 PSV group. Only the sagittal AAA
showed low-to-moderate positive correlations with pelvic parameters of PI (r=0.195-0.429; P=0.001-0.08)
and PT (r=0.239-0.605; P=0.001-0.03).

Conclusions: Variations of LSTV are correlated with the hip anatomical development via LPHC
transmission and may potentially reduce the sagittal acetabular coverage, particularly in the 23 PSV subtype

on the right side.
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Introduction

Lumbosacral transitional vertebra (LSTV) is a common
congenital variant of the lumbosacral junction, with its
reported prevalence ranging from 8.1% to 36%. LTSV is
characterized by either lumbarization of the cranial sacral
vertebrae or sacralization of the caudal lumbar vertebrae,
accompanied by transverse process hyperplasia (1-4). The
presence of LSTV may accelerate the degeneration of the
adjacent vertebral appendage, facet joints, and discs, leading
to persistent low back pain (5,6). The lumbo-pelvic-hip
complex (LPHC) serves as a crucial intermediary, linking
the upper and lower extremities, and plays a direct role in
energy transfer and maintaining body stability (7,8). The
pelvis has been described as an intercalary bone in the
LPHC, or a pelvic vertebra, such that pelvic alignment
is changed accordingly with the LSTV (9) to exert a
downward influence on the hip joint arrangement (10).
Muscle tension and weakness also affect the balance of the
LPHC and can cause LPHC misalignment and deformity.
Hamstring extensibility (HE) is regarded as the primary
muscle function essential for pelvis stabilization in the sagittal
plane (11). The term hip-spine syndrome is used to describe
the clinical manifestations of coexisting degenerative diseases
of the hip and spine, suggesting a correlation between the
pathological changes in the lumbar spine and the hip (12-14).
Patients with lower back pain tend to have a higher risk of
hip osteoarthritis compared to healthy individuals when
diagnosed using radiographic modalities. In recent years,
the effects of hip-spine syndrome in total hip arthroplasty
have been extensively investigated, and it has been shown
that the decreased range of motion of LPHC increases the
risk of implant impingement and displacement after total
hip replacement (15). Some syndromes such as femoral
acetabular impingement and ischiofemoral impingement
can also result in the increased stress and motion of the
lumbosacral spine due to its compensating for limited hip
motion (16). The identification of coexisting conditions can
help guide more accurate treatment and improve long-term
clinical outcomes after surgery (17).

A previous study reported that a group patients
with LSTV benefited less from hip arthroplasty than
did a normal control group (18). Thus far, few studies
examining the specific effects of LSTV on hip joints have
been conducted, and the related anatomic geometry and
biomechanical changes remain unclear. Based on the
findings confirming the high co-prevalence of LSTV and
hip-spine syndrome, we hypothesized that patients with
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LSTV may also have other LPHC-related alterations in
anatomical geometry including the acetabular version and
femoral head coverage.

We aimed to investigate the effect of LSTV on the
hip joints by assessing the alignment and balance of the
LPHC through retrospectively conduct a large-sample
LSTV matched case-control study based on cross-
sectional quantitative imaging measurements. We present
this article in accordance with the STROBE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-1816/rc).

Methods
Patients

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by the local ethics committee of the First
Affiliated Hospital of Chongqing Medical University (No.
2021-051). The requirement for individual consent in
this retrospective analysis was waived. We retrospectively
examined the low-dose whole-body computed tomography
(CT) images of 6,097 Han Chinese patients who had
undergone positron emission tomography-computed
tomography (PET/CT) scans between October 2017 and
December 2019. Image analysis was conducted using the
Picture Archiving and Communication System (PACS)
within the medical institution. Patients with fully validated
segmentation anomalies or variations in vertebral number,
as determined by gold-standard assessment of whole-body
images, were enrolled.

The inclusion criteria were defined as follows: (I) gold
standard assessment was conducted and included
identification of the number of vertebrae via the precise
positioning of the second cervical vertebra from the head
laterally and caudally in sequence on the whole spine
image. (I) Participants had complete segmental variations
of LSTV, including 23 presacral vertebrae (PSV) or
25 PSV subtypes indicative of L5 complete sacralization
and S1 complete lumbarization, respectively. The
classification of 4 lumbar vertebrae as 23 PSV was based on
the identification of the true fifth lumbar vertebra, which
exhibits marginal osseous fusion with the sacrum in the
sagittal plane despite its square or wedge-shaped outline.
Conversely, the designation of the six lumbar vertebra as
25 PSV was considered to be the presence of a well-formed
intervertebral disc between the sixth lumbar vertebra and
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Figure 1 VR and sagittal MPR CT images of the whole spine. (A,B) Images of 23 PSV. (C,D) Images of 24 PSV. (E,F) Images of 25 PSV.

VR, volume rendering; MPR, multiplanar reconstruction; CT, computed tomography; PSV, presacral vertebrae.

the uppermost sacral-type segment, without any evidence of
marginal fusion. The exclusion criteria were the following:
(I) anomalies at the cervicothoracic and/or thoracolumbar
junction that impeded the identification of LSTV; (II)
primary and secondary malignancies affecting the LPHC;
(III) known pathologies involving the sacroiliac and hip
joints; (IV) deformities of the LPHC, such as butterfly
vertebra, hemivertebra, kyphosis, fusion, scoliosis, ankylosis,
and luxation; (V) prior history of LPHC fracture or surgical
intervention; (VI) LPHC exhibiting severe degenerative
changes; and (VII) incomplete imaging datasets or cases
with insufficient clarity for depicting the LPHC.
Combined three-dimensional (3D) volume rendering
(VR) and sagittal multiplanar reconstruction (MPR) were
applied to count the number of vertebrae and evaluate the
variant subtype of LSTV (Figure I). From the total cohort,
this investigation enrolled participants with 23 PSV (n=102;
54 males and 48 females; age range 27-88 years; mean age
56 years) and those with 25 PSV (n=108; 62 males and
46 females; age range 24-79 years; mean age 56 years),
which were matched in terms of age and gender via

propensity-score matching (PSM). A cohort of individuals
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(n=100) with 24 PSV, age- and gender-matched to two
subsets of LSTV, was used as the control group (58 males
and 42 females; age range 20-85 years; mean age 59 years).
Ultimately, a total of 310 participants were recruited, all of
whom were Han Chinese. The study protocol flowchart
is presented in Figure 2. A portion of the data from these
participants has been previously published in other LSTV
studies of our team (19).

Acquisition of CT images

The PET/CT images were obtained using a PET/CT scanner
(Gemini TF 64, Philips, Amsterdam, the Netherlands). The
low-dose CT scans were conducted following a standardized
procedure with parameters of 100 mA, 120 kV, matrix
size =512x512, and slice thickness =2 mm. Analysis of all low-
dose CT images from PET/CT scans was carried out using
PACS within our department.

Analysis of CT images
The parameters of the LPHC, including lumbar lordosis
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Excluded (n=105)

An age- and sex-
matched control
group (n=100)

image data and

* Variation at the cervicothoracic and/or thoracolumbar
junction interfering with the identification of LSTV (n=56)

® Primary and secondary malignancy of LPHC (n=7)

¢ LPHC deformities including butterfly vertebra, hemivertebra,
kyphosis or other malformations (n=9)

* Previous history of LPHC fracture or surgery (n=19)

¢ LPHC with severely degenerative changes, or incomplete

~

cases not clearly showing LPHC (n=14)

Patients imaged
with whole body
PET/CT
(n=6,097)

segmentation segmentation sex-matched
anomalies anomalies (n=210)
(n=450) (n=345)

Patients identified Total eligible
with complete patients with Included cases
LSTV complete LSTV after age- and

Patients with
23 PSV (n=102)

Patients with
25 PSV (n=108)

Figure 2 Flowchart of participant inclusion. PET/CT, positron emission tomography-computed tomography; LSTV, lumbosacral

transitional vertebra; LPHC, lumbo-pelvic-hip complex; PSV, presacral vertebrae.

(LL), pelvic incidence (PI), pelvic dlt (PT), sacral slope (SS),
acetabular anteversion angle (AAA), center-edge (CE) angle,
Sharp angle, and femoral neck-shaft angle (FNSA), were
objectively assessed by two experienced musculoskeletal
radiologists (Y.L. and S.Z., with 3 and 5 years of clinical
expertise, respectively). Subsequently, one of the
radiologists (Y.L.) reassessed the measurements, with a time
interval exceeding 4 weeks from the initial evaluation. All
data pertaining to the case cohorts were anonymized and
pooled together, following which randomized identification
numbers were assigned for measurement by the radiologists.

Measurement of the spino-pelvic quantitative parameters
including PI, PT, SS, and LL were conducted according to
the methods recommended in the literature (20-23). PI is
the angle created by the intersection of the line drawn from
the center of the femoral heads to the middle of the sacral
plate and the line running perpendicular to the middle
of the sacral plate. PT is the angle between the vertical
line and the line drawn from the center of the femoral
heads to the center of the upper sacral endplate. SS is the
angle between the tangent line to the superior endplate
of S1 and the horizontal line. LL is the angle between
tangent lines along the superior endplates of the L1 and S1
vertebrae (Figure 3A4). Given the potential for measurement
level ambiguity arising from the presence of LSTYV, all

measurements concerning the sacral table were consistently
selected at the morphological S1 level, as suggested by
previous research findings from our team indicating that the
parameters based on the morphological S1 are more stable
than are those at the ontogenetical S1 level (24).

Quantitative parameters of the hip included the AAA,
CE angle, Sharp angle, and FNSA. The CE angle is the
angle formed by drawing a vertical line through the center
of the femoral head and a line from the center through the
lateral edge of the acetabular roof. The Sharp angle is the
angle created between the teardrop line and a line linking
the apex of the teardrop to the margin of the acetabular
roof. FNSA is the angle formed by the femoral neck axis
and femoral long axis. The AAA was measured on the axial
and sagittal planes separately to evaluate the acetabular
coverage on the two planes. Axial AAA is the angle between
a line joining the margins of the anterior and posterior walls
of the acetabulum and a line perpendicular to the anterior
pelvic plane (APP) (25). Sagittal AAA is the angle between
the line between the anterior and posterior edges of the
acetabulum and the horizontal line at the sagittal slices from
a CT scan at the level of the femoral head center (26).

Due to the variations in pelvic positioning during CT
scanning procedures, the original axial images lacked
symmetry. Consequently, a redefinition of the standardized
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Figure 3 Illustration of the measuring methods of the spino-pelvic-hip parameters. PI (red), PT (blue), SS (green), LL (yellow) (A), axial
AAA (B), sagittal AAA (C), CE and Sharp angle (D), and FNSA (E). PI, pelvic incidence; PT, pelvic tilt; SS, sacral inclination; LL, lumbar
lordosis; AAA, acetabular anteversion angle; CE, center edge; FINSA, femoral neck-shaft angle.

measurement plane relative to the APP was necessary to
mitigate the effects of pelvic positioning. The APP was
delineated as the plane exhibiting bilateral visualization of
the anterior superior iliac spines (closest to the vertical)
and the pubic symphysis (26). The standardized axial plane
was defined as the plane perpendicular to the APP, parallel
to the teardrop line, and passing through the center of the
femoral head (25). Axial AAA was measured on this plane
(Figure 3B), sagittal AAA was measured on the standardized
APP (Figure 3C), and CE angle, Sharp angle, and FNSA
were measured on a coronal plane aligned parallel to the
APP (Figure 3D,3E). On sagittal and coronal MPR images,
circles were drawn conforming to the femoral head contour
to determine the center points for completing the above-
mentioned measurements.

Statistical analysis

All statistical analyses were performed using the SPSS
26.0 software (IBM Corp., Armonk, NY, USA). Univariate
analysis of variance was used to determine whether the
LPHC measured parameters were statistically different
among the 23 PSV, 24 PSV, and 25 PSV groups. After
the analysis of variance was completed, the effect size
and power of the analysis were calculated. The paired
t-test was employed to examine the disparity between the

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

measurement parameters from the left and right sides.
Pearson correlation coefficient was used to ascertain the
correlations among spinal, pelvic, and hip parameters and
were classified as perfect (1.0), high (0.7-0.9), moderate
(0.4-0.6), low (0.1-0.3), and almost no correlation (0-0.1).
Intraclass correlation coefficients (ICCs) were used to
determine the intra- and interreader agreement of these
measurements and were classified as good (>0.75), fair
(0.50-0.74), and poor (<0.50). Descriptive statistics are
presented as means [with 95% confidence interval (Cls)]
for continuous variables. A Bonferroni adjustment was
employed to address multiple comparisons across the
three groups, with statistical significance determined at a

threshold of P<0.05/n (n=3).

Results

Comparison of lumbo-pelvic quantitative parameters
among the LSTV subgroups and controls

Statistically significant differences were observed in the
PI, PT, SS, and LL values between the control group
and the LSTV subgroups (P<0.001) (Tuzble I). As the
number of vertebrae increased, the values of all parameters
correspondingly increased in the three groups. The
parameters in the 25 PSV group were significantly higher
than those of the 24 PSV normal group, while those of

Quant Imaging Med Surg 2024;14(7):4635-4647 | https://dx.doi.org/10.21037/qims-23-1816



4640

Table 1 Comparison of spino-pelvic-hip parameters among three groups

Luo et al. Effect of LSTV on developmental alterations of the hip

CT parameter 23 PSV (n=102) 24 PSV (n=100) 25 PSV (n=108) P value Power Effect size
Pl 42.1+7.6 48.3+10.4 59.2+11.6 <0.001* 1.000 0.338
PT 5.6+£3.7 8.3+5.4 15.6+6.9 <0.001* 1.000 0.378
SS 36.616.7 39.9+8.5 43.3+8.7 <0.001* 1.000 0.108
LL 43.9+8.7 45.8+12.0 49.6+11.4 0.001* 0.949 0.048
Sharp angle

L side 37.9+3.8 37.8+3.5 38.3+3.9 0.65 0.121 0.003

R side 38.4+4.1 38.1+3.7 38.7+3.9 0.63 0.125 0.003

Mean 38.1+3.5 38.0+3.0 38.5+3.4 0.56 0.148 0.004
CE angle

L side 34.9+6.6 33.6+6.9 34.5+6.6 0.34 0.239 0.007

R side 36.0+6.9 34.8+7.4 35.5+6.6 0.48 0.174 0.005

Mean 35.5+6.1 34.2+6.5 35.0+6.1 0.35 0.235 0.007
FNSA

L side 139.8+5.9 139.6+5.7 139.6+5.7 0.93 0.061 0.000

R side 136.5+5.9 137.7+5.9 137.0+5.3 0.32 0.248 0.007

Mean 138.2+5.3 138.6+5.2 138.3+4.8 0.82 0.082 0.001
Axial AAA

L side 20.1+5.9 21.9+5.7 22.0+6.4 0.37 0.222 0.006

R side 23.5+7.0 23.4+5.3 24.7+5.9 0.23 0.313 0.009

Mean 22.2+6.0 22.6+5.0 23.4+5.6 0.33 0.247 0.007
Sagittal AAA

L side 24.2+7.0 21.2+7.2 22.0+7.1 0.008* 0.800 0.031

R side 27.3+6.1 23.4+6.8 26.0+7.0 <0.001* 0.969 0.054

Mean 25.7+5.9 22.3+6.3 24.0+6.4 0.001* 0.946 0.047

Values are presented as mean + SD. *, statistical differences are significant (P<0.05) between groups. CT, computed tomography; PSYV,
presacral vertebrae; PI, pelvic incidence; PT, pelvic tilt; SS, sacral inclination; LL, lumbar lordosis; L, left; R, right; CE, center edge; FNSA,
femoral neck-shaft angle; AAA, acetabular anteversion angle; SD, standard deviation.

23 PSV group were significantly lower than those of the

normal group.

Comparison of hip quantitative parameters among the
LSTV subgroups and control group

Statistically significant differences were only identified
for the sagittal AAA values when each pair of the control
group was compared with the LSTV subgroups (left side:
P=0.008; right side P<0.001). No significant differences

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

were observed for the other parameters, including Sharp
angle, CE angle, FNSA, and axial AAA (P=0.23-0.93).
Compared to those of the control group, the sagittal
AAA values of the bilateral sides in both the 23 PSV and
25 PSV subgroups were all significantly increased. The
23 PSV subgroup showed the highest sagittal AAA
values (left side: 24.2°£7.0°; right side: 27.3°+6.1°; mean
25.7°£5.9°) among the three groups, particularly in the right
side (1able I). For the bilateral hip parameters in each group,
the values of sagittal AAA, axial AAA, and FNSA showed
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Table 2 Left-right paired comparisons of hip measurements among three groups

CT parameter 23 PSV (n=102)

24 PSV (n=100) 25 PSV (n=108)

Axial AAA <0.001*
Sagittal AAA <0.001*
Sharp angle 0.20
CE angle 0.06
FNSA <0.001*

0.001* <0.001*
<0.001* <0.001*
0.39 0.27
0.03* 0.03*
<0.001* <0.001*

Values are presented as P values. *, statistical differences are significant (P<0.05) between groups. CT, computed tomography; PSV,
presacral vertebrae; AAA, acetabular anteversion angle; CE, center edge; FNSA, femoral neck-shaft angle.

Table 3 Correlation between hip parameter (sagittal AAA) and spino-pelvic measurements in the three groups

Sagittal AAA PI PT ss LL
23 PSV
Left 0.195 (0.08) 0.387 (<0.001)* -0.001 (0.99) 0.011 (0.92)
Right 0.258 (0.02)* 0.239 (0.03)* 0.155 (0.17) 0.178 (0.12)
24 PSV
Left 0.232 (0.03)* 0.345 (0.001)* 0.066 (0.54) 0.009 (0.93)
Right 0.219 (0.04)* 0.403 (<0.001)* 0.014 (0.89) -0.033 (0.76)
25 PSV
Left 0.316 (0.001)* 0.567 (<0.001)* -0.027 (0.78) -0.110 (0.26)
Right 0.429 (<0.001)* 0.605 (<0.001)* 0.094 (0.34) 0.040 (0.69)

Values are presented as the correlation coefficient (P value). Pearson correlation coefficient was classified as perfect (1.0), high (0.7-0.9),
moderate (0.4-0.6), low (0.1-0.3), and almost no correlation (0-0.1). *, statistical differences are significant (P<0.05) between groups. AAA,
acetabular anteversion angle; PI, pelvic incidence; PT, pelvic tilt; SS, sacral inclination; LL, lumbar lordosis; PSV, presacral vertebrae.

significant differences between the left and right sides in all
three groups (P<0.001). Moreover, the CE angle exhibited
statistically significant variances among the 24 PSV and

25 PSV subgroups (P=0.03) Table 2).

The association of bip measurements and lumbo-pelvic
parameters

In the hip measurements, only the sagittal AAA value in all
three groups was correlated with the pelvic parameters of
PI (P=0.001-0.08) and PT (P=0.001-0.03), but it was not
correlated with the spinal parameters of SS (P=0.17-0.99)
and LL (P=0.12-0.93). There were weak positive correlations
between sagittal AAA and PI (r=0.195-0.429) and moderate
positive correlations between sagittal AAA and PT (r=0.239-
0.605) (1able 3, Figure 4). The other hip measurements,
including axial-AAA, Sharp angle, CE angle, and FNSA, had

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

no correlations with either spine or pelvis parameters.

Intra- and interveader reliability of quantitative
measurements

The ICCs for the intrareader reliability of these quantitative
measurements ranged from 0.760 to 0.980, while for inter-
reader reliability, the ICCs ranged from 0.782 to 0.968,
demonstrating strong consistency both within and between
readers (Table 4).

Discussion

Morphological changes in the spinal anatomy can alter
body kinematics and therefore influence spinal-pelvic-
hip alignment (7). In this study, we investigated the
specific effect of LSTV variants on hip joints in terms of
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Figure 4 The correlation between sagittal AAA and PI and PT among the 23 PSV, 24 PSV, and 25 PSV groups. (A) The correlation
between bilateral sagittal AAA and PI and PT of the 23 PSV group. (B) The correlation between bilateral sagittal AAA and PI and PT of the
24 PSV group. (C) The correlation between bilateral sagittal AAA and PI and PT of the 25 PSV group. The X-axis represents the PI and
PT values, while the Y-axis represents the sagittal AAA value. In the scatter plots, bilateral sagittal AAA and PT show more overlap and are
closer to a straight line than are sagittal AAA and PI. AAA, acetabular anteversion angle; PI, pelvic incidence; PT, pelvic tilt; L, left; R, right;

PSV, presacral vertebrae.

any substantial biomechanical changes. We found that
patients with LSTV had corresponding changes in hip
anatomical development, specifically reduced sagittal
acetabular coverage. To the best of our knowledge, this
study represents the largest population-based analysis
completed to date on the associations between spino-pelvic-
hip alignment parameters and LSTV variants.

All spino-pelvic parameters including PI, PT; SS, and LL
in the 25 PSV groups were significantly higher than those
of the normal 24 PSV group, while in the 23 PSV group,
the values were significantly lower than those of the normal
group. These results are consistent with prior studies
(27,28). The sacra in the 25 PSV group had a tendency to
tilt more anteriorly than did those of the 24 PSV normal
group. Previous studies have documented the impact of
LSTV on the evaluation of lumbo-pelvic sagittal balance.
Kyrold et al. reported that the radiographic spino-pelvic
parameters of PI, PT, and LL were higher in a L6 variant
group than in a normal L5 group (27). Abola ez al. screened

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

dry cadaveric specimens via lateral photographs and found
that the PI was 38.5° in specimens with 4 lumbar vertebrae
and was 46.7° and 47.1° in specimens with 5 and 6 lumbar
vertebrae, respectively (28). The different subtypes of
LSTV will lead to corresponding alterations of the spinal
curvature at the lumbo-sacral junction due to biological
adaptation to the weight-bearing capacity to improve spinal
stability, which subsequently changes the pelvic parameters
(29-31). Muscle tension and weakness can also impact the
balance of LPHC and cause LPHC misalignment and
deformity. Poor HE has been linked to changes in gait
patterns, alterations in lumbopelvic rhythm, and lumbar
hyperkyphosis and low back pain. An assistant examiner,
such as Lumbosant, can enhance the accuracy of the passive
straight leg raise test for evaluating HE (11,32).

The axial AAA showed no significant differences between
LSTYV subgroups and the normal group, which is consistent
with previous studies (25). A CT-based sample study
described a range of the axial AAA to be between 13.5 and
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Table 4 Intra- and interreader reliability for the measurements of

lumbo-pelvic-hip parameters

ICC (95% Cl)

Variable
Intraobserver reliability Interobserver reliability

Sagittal AAA 0.968 (0.945-0.981) 0.925 (0.890-0.948)
Axial AAA 0.946 (0.830-0.981) 0.855 (0.765-0.911)
CE angle 0.926 (0.833-0.972) 0.878 (0.834-0.911)
Sharp angle 0.886 (0.778-0.945) 0.878 (0.835-0.926)
FNSA 0.760 (0.564-0.878) 0.782 (0.711-0.866)
PI 0.845 (0.792-0.885) 0.815 (0.754-0.863)
PT 0.980 (0.972-0.985) 0.968 (0.955-0.977)
SS 0.949 (0.929-0.963) 0.942 (0.885-0.966)
LL 0.863 (0.812-0.901) 0.907 (0.647-0.961)

ICCs were used to determine the intra- and interreader agreement
of these measurements and were classified as good (=0.75),
fair (0.50-0.74), and poor (<0.50). ICC, intraclass correlation
coefficient; Cl, confidence interval; AAA, acetabular anteversion
angle; CE, center-edge; FNSA, femoral neck-shaft angle; PI,
pelvic incidence; PT, pelvic tilt; SS, sacral inclination; LL, lumbar
lordosis.

38.7 (25). The numerical values measured in this study based
on CT also fall within this range. The sagittal AAA showed
increased values on both sides of the 23 PSV and 25 PSV
LSTV variants compared to the control group, implying that
LSTV can potentially reduce the sagittal acetabular coverage.
The orientation of the acetabulum is determined by that of
the sagittal spino-pelvic complex. Changes in the number of
LSTV variants can affect the flexibility of the spine and lead
to changes in the range of motion of the spine (9). According
to the flexibility of the spine and hip joint, individuals can
be divided into two groups: spine users and hip users (33).
Those with flexible lumbar spines (spine users) will decrease
the mobility of the hip and protect the joint; on the other
hand, those with stiff or fused lumbar spines (hip users)
demand higher hip mobility, which may increase the risk
of degenerated joints (34). In the presence of sacralization
(23 PSV), the curvature of the lumbar spine may reduce and
the spino-pelvic complex stiffen; thus, the hip joint needs to
be rotated at a larger angle to compensate for the stiffness.
At this point, the pelvic retroversion, PT, and sagittal AAA
increase, while the SS angle decreases (34-37). When
lumbarization occurs, the curvature and the flexibility of
the spine may increase. Due to the compensatory effect
of the spino-pelvic complex in preventing excessive
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anteversion, the pelvis is also retroverted, resulting in
increased sagittal AAA (35,38) (Figure 5).

Other parameters such as Sharp angle, CE angle, and
FNSA of the hip joint did not show significant differences
between the LSTV subgroups and the normal group, which
is partially consistent with previous studies (25,39). The
Sharp angle and CE angle reflect the acetabular coverage
and inclination on the horizontal plane; however, LSTV
mainly impacts the sagittal acetabular alignment. FNSA
represents the developmental variation of the femoral neck
that does not directly connect with LPHC and possibly
transfers a marginal influence from LSTV.

For the left-right paired comparison of the hip
quantitative parameters in each group, AAA was measured
in axial and sagittal planes, with FNSA showing bilateral
asymmetry with significant differences. Both the axial and
sagittal AAAs on the right side of the hip were higher than
those of the left side, while the FNSA on the left side of
the hip was higher than that on the right side. The findings
related to bilateral symmetric comparisons of hip joint
morphology are controversial, with some studies reporting
an association and others not (10,40). Dimitriou et a/.
described patients showing asymmetry in femoral head
centers and identified a correlation between the femoral
head center and the femoral neck shaft angle (41), which is
in line with our findings. These results may be related to the
right lower extremity of most people being the predominant
side. It is believed that the nature of these data may be
explained by the particularities of human growth and
development, gait, and the presence of mild osteoarthritis
in some patients (42).

In the hip-related parameters measured in this study,
only sagittal AAA was shown to have weak-to-moderate
correlations with pelvic parameters (PT and PT), but it had
no significant correlations with spinal parameters (LL and
SS) in those with LSTV. This suggests that the anatomical
variations of LSTV indirectly affect the hip joint through
the biomechanics of weight transfer at the spino-pelvic-hip
complex. As the center of the kinetic chain, this complex
is critical to maintaining stability and adjusting balance.
Pelvic motion acting as a hinge between the spine and
hips is essential to maintaining proper balance during
bipedalism. Pelvic rotation is recruited as a compensatory
mechanism when spinal malalignment occurs (32,43-45).
LSTV is not correlated to other hip measurements that
reflect acetabular inclination and coverage of the lateral
rim in both acetabular and femoral development, which
may also be due to the LSTV mainly affecting the sagittal
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Figure 5 Diagram illustrating the effects of LSTV on pelvic and acetabular alignments. (A) 23 PSV. (B) 24 PSV. (C) 25 PSV. In the

presence of 23 PSV, the curvature of the lumbar spine may reduce and the spino-pelvic complex stiffen; thus, pelvic retroversion, PT angle,

and sagittal AAA increase, and SS decreases. When 25 PSV occurs, the curvature and the flexibility of the spine may increase. Due to the

compensatory effect of the spino-pelvic complex, the pelvis is retroverted, and this results in increased PT and sagittal AAA. PI (green),

pelvic incidence; PT (purple), pelvic tilt; SS (blue), sacral slope; AAA (red), acetabular anteversion angle; PSV, presacral vertebrae; LSTYV,

lumbosacral transitional vertebra.

alignment of LPHC.

This study involved certain limitations which should
be mentioned. First, all measurements were based on
static imaging in the supine position, which might not
fully represent the changes under the weight-bearing
condition of LPHC. However, this is similar to surgeon’s
intraoperative position and may thus be more helpful for
orthopedists in preoperative planning. Further research
is needed on the load-bearing and dynamic positions in
individuals with LSTV. Second, the effect of body mass
index (BMI) was not considered. Some studies have shown
that a higher BMI contributes to a more retroverted pelvis
in a sitting position (46). However, in the literature, the
effect of BMI on sagittal spinopelvic alignment is equivocal,
with some studies reporting an association and others
not (47,48). Third, most of the included patients had a
history of tumors, which might have introduced a degree
of bias. Fourth, future studies should include younger age
groups and examine the role of pelvic and lumbar flexibility
exercises. It would be interesting to consider the evaluation
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of muscle extensibility through the range of motion and
its effect on the lumbo-pelvic-hip sagittal complex. In
particular, the hamstring muscles play a vital role in sagittal
plane pelvic stabilization by modulating anterior PT during
dynamic postures and forward trunk flexion.

Conclusions

The variants of LSTV may exert a corresponding influence
in the hip anatomical development through LPHC
transmission and may potentially reduce the sagittal
acetabular coverage, particularly in the 23 PSV subtype with
a rightward hip. Therefore, the unique influence of LSTV
on the pelvis and hip joint needs to be considered before
completion hip of operations so that the implant position
can be suitably adjusted.
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