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Abstract

Purpose The complex and dynamic spinopelvic interplay is not well understood. The aims of the present study were to
investigate the following: (1) whether native acetabular anteinclination (Al) in standing position changes following lumbar
spinal fusion (LSF); (2) potential correlations between Al change (AAI) and several spinopelvic parameters such as the
change in lumbar lordosis (ALL), pelvic tilt (APT), and anterior pelvic plane angle (AaPP).

Methods A total of 485 patients (Males: 262, Females: 223) with an average age of 64 + 13 years who underwent a primary
LSF were identified from our institutional database. The difference (A) between pre-and postoperative acetabular anteincli-
nation (AI), lumbar lordosis (LL), anterior pelvic plane angle (aPP), sacral slope (SS), and pelvic tilt (PT) were measured
on a standing lateral radiograph (EOS®) and compared to find the effect of LSF on the lumbopelvic geometry.

Results Following LSF, the average absolute AAI was 5.4 +4 (0 to 26)°, ALL: 5.5+4 (0 to 27)°, AaPP: 5.4 +4 (0 to 38)°,
APT: 745 (0to 33)° and ASS: 5.3+4 (0 to 33)°. No significant differences were observed between LSF levels. A AAI>10°
was observed in 66 (13.6%) and AAI>20° in 5 (1%) patients. The Pearson correlation demonstrated a strong negative cor-
relation of AAI with ALL (r=0.72, p<.001).

Conclusion Clinical decision-making should consider the relationship between native anteinclination and lumbar lordosis
to reduce the risk of functional acetabular component malalignment in patients with concomitant hip and spine pathology.
Level of evidence Retrospective case—control study, Level II1.

Keywords Lumbar spinal fusion - Acetabular anteversion - Spinopelvic mobility - Total hip arthroplasty

Introduction

There has been an increasing interest in the dynamic inter-
play between the spine, hip, and pelvis, especially in the
setting of lumbar spinal fusion (LSF) and total hip arthro-
plasty (THA). Lumbar spine alignment can affect the pelvic
position, which in turn influences the functional acetabular
orientation [4, 9]. Under physiological conditions, during
the transition from the standing to sitting position, the pelvis
tilts posteriorly, thus increasing the acetabular anteversion
to provide increased clearance for the femur to flex [8, 15].
However, following LSF, abnormal spinopelvic mechan-
ics and pelvic hypermobility (>30° change in pelvic tilt
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between standing and sitting) have been reported [5], which
might become relevant in the setting of total hip arthroplasty
(THA).

Current literature supports that patients with a concomi-
tant THA and LSF might present a significantly higher dis-
location rate compared to THA patients without LSF [1,
6, 16—19] due to a decreased acetabular opening angle and
functional arc of motion before impingement [10]. Further-
more, in patients with a sagittal imbalance, the abnormal
position of the pelvis might lead to a functional malposi-
tioning of the acetabular component, even if the component
is positioned correctly within the pelvis [15]. Therefore, it
is recommended that in patients with a previous LSF, the
acetabular component orientation should be adjusted to
account for the position and the stiffness of the lumbar spine
[7, 14]. Nevertheless, the degree of acetabular adjustment
remains undefined, as the change of acetabular orientation
before and following the LSF has never been reported in
the literature. The sagittal acetabular component position
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measured on lateral spinopelvic-hip radiographs is defined
as anteinclination (AI) and represents a combination of both
the anteversion and inclination of the acetabulum [15].

Therefore, the purpose of the present study was to iden-
tify: (1) whether native acetabular Al changes following
LSF; (2) the potential correlations between Al change and
several spinopelvic parameters such as the change in lumbar
lordosis, pelvic tilt, anterior pelvic plane angle and sacral
slope, demographics (age, gender, BMI) and the level or the
number of levels fused.

Material and methods
Study design, inclusion, and exclusion criteria

The present study was approved by the state ethical com-
mittee and was entirely conducted at the authors’ institution.
The inclusion criteria were patients older than 18 years, who
underwent a primary LSF with good-quality (entire spine
was visible and the greater sciatic notches and anterior
superior iliac spines were superimposed) pre-and postop-
erative standing lateral radiographs (EOS®). The indication
for LSF was degenerative spinal canal stenosis with severe
back pain, refractory to conservative treatments. Exclu-
sion criteria were any history of lumbar spine fracture or
infection, inflammatory spinal diseases such as ankylosing
spondylitis, previous total hip arthroplasty, and neurologic
or musculoskeletal disorders, which could impact motion
or muscle tone.

Patient characteristics

Between January 2018 to December 2020, a total of 485
patients (Males: 262, Females: 223) with an average age of
64 + 13 (20-89) years underwent a LSF at our institution
and met the inclusion and exclusion criteria (Table 1). One-
level LSF was performed in 270 (55.6%), a two-level LSF in
115 (23.7%), whereas a multi-level LSF (> 3 levels) in 100
(20.5%) patients (Table 1).

Radiologic measurements

All parameters of interest were measured on preoperative
(within 2 months before LSF) and postoperative (1 year fol-
lowing LSF) standing lateral radiographs (EOS®) by two
orthopedic residents (D.D, S.H). Lumbar lordosis (LL),
was defined as the angle formed by the line tangent to the
superior endplate of L1 and the line tangent to the superior
endplate of S1 for each film (Fig. 1). The anterior pelvic
plane (aPP) was defined as the angle between the plane cre-
ated by the bilateral anterior superior iliac spine to the pubic
symphysis and the coronal vertical plane (Fig. 1) [3]. The
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Table 1 Summary of patient demographics and levels involved in
lumbar spinal fusion (LSF)

Demographics Patients (n=485)

Age, mean +SD (range), years

Male gender, % (n)

BMI, mean + SD (range), kg/m2

Levels involved in the LSF
Single-level, % of total ()

64 +13 (20, 89)
54% (263)
28+7 (15, 46)

55.7% (270)

L1-2 0.8% (4)
L2-3 3.1% (15)
L3-4 4.6% (22)
L4-5 20.8% (101)
L5-S1 26.4% (128)
Two-level, % of total (n) 23.7% (115)
L1-3 0.2% (1)
L2-4 1.4% (7)
L3-5 8.1% (39)
L4-S1 13.8% (67)
L5-S2 0.2% (1)
Multi-level (>3 levels), % of total (n) 20.6% (100)
L1-4 0.2% (1)
L1-5 0.8% (4)
L1-S1 0.2% (1)
L1-S2 1.0% (5)
L2-5 3.3% (16)
L2-S1 0.6% (3)
L2-S2 1.6% (8)
L3-S1 4.6% (22)
L3-S2 1.6% (8)
L4-S2 2.0% (9)
Thoracolumbar 4.7% (23)

BMI body mass index, SD standard deviation

pelvic tilt (PT) was defined as the angle formed by the sacral
endplate midpoint to the center of the bifemoral heads and
the vertical axis (Fig. 1), whereas the sacral slope (SS) as
the angle formed by the line tangent to the superior endplate
of S1 and the horizontal (Fig. 1). The pelvic incidence (PI)
was defined as the angle between the line perpendicular to
the sacral plate at its midpoint and the line connecting this
point to the femoral head axis [11]. Finally, the acetabular
anteinclination (AI) was determined by the line connecting
the superior and inferior acetabular wall on the right side to
the horizontal axis (Fig. 1) [2].

Repeatability analysis

The radiographs of 100 randomly selected patients were
reevaluated by two orthopedic residents (D.D, S.W) blinded
to the patient’s clinical details. Then each observer reas-
sessed all the radiographs after a 4 week interval to avoid
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Fig.1 An example of pre-and postoperative standing lateral radio-
graphs (EOS®) of a patient who underwent a LSF at the level L5/S1.
For illustration purposes, the thoracic spine is not demonstrated. The
acetabular anteinclination (blue lines) was measured on the pre-and
postoperative radiographs. The sacral slope (green lines) and anterior
pelvic plane (orange lines) are demonstrated in the preoperative radi-
ograph, whereas the lumbar lordosis (purple lines) and pelvic tilt (red
lines) are shown on the postoperative radiograph for the simplicity of
the figures

recall bias. The observers measured all the radiographic
spinopelvic parameters. The intraobserver and interobserver
reliabilities of the measurements were evaluated using a
single-measure intraclass correlation coefficient (ICC) with
a two-way random-effects model for absolute agreement.

Subgroup analysis

The patients were divided into two groups according to
the difference in AI (AAI>10° and AAI< 10°) to identify
potential differences in demographics and surgical param-
eters between groups.

Statistical analysis

Descriptive statistics used mean, standard deviation, range,
and percentages to present the data. The changes in the
radiologic parameters following LSF were presented in
absolute values. All parameters were tested with the Kol-
mogorov—Smirnov test for normality. When the criteria
for normality were met, a two-tailed paired ¢ test was used.
Otherwise, the Wilcoxon signed-rank test was applied.
The analysis of variance (ANOVA) was used to compare
the AAI between the fused levels (both between specific
levels fused and multiple levels). The Pearson correlation
and multiple linear regression analysis were performed to
evaluate whether the AAI correlated with the other spin-
opelvic parameters, patient demographics, and the level or
the number of levels fused. The chi-square test was used to
compare categorical data. The level of significance was set
to p <0.05. All the statistical analyses were performed using
SPSS version 23 software (SPSS Inc., Chicago, IL).

Results
Intraobserver and interobserver reliability

The intraobserver and interobserver reliability was in excel-
lent agreement (>80%) for all the radiographic parameters
(Table 2).

Radiographic parameters

The mean preoperative Al (34 +10°), LL (43.5 +14°),
aPP (2.9+10°), SS (35.8 £10°), PT (15.7 £ 14°), and PI
(59.2 + 13°) demonstrated no significant differences follow-
ing LSF (Table 2).

Following LSF, the average absolute AAI was 5.4 +4
(0-26)°, ALL: 5.5+4 (0-27)°, AaPP: 5.3 +5.8 (0-38) °,
APT: 7+5 (0-33)° and ASS: 5.3 +4 (0-33)° (Table 2). A
AAI>10° was observed in 66 (13.6%) and AAI>20°in 5

Table2 Summary of the spinopelvic radiological parameters before and following lumbar spinal fusion

Parameter Preoperative (°)  Postoperative (°)  Relative Dif- Absolute Significance  Intraobserver Interobserver
ference (°) Difference (p value) Reliability Reliability
©)
Acetabular Anteinclination  34.0+10 33.5+10 -05+7 54+4 n.s 0.9 0.88
Lumbar lordosis 435+14 433+ 14 -02+7 55+4 n.s 0.91 0.89
Anterior pelvic plane 29+10 3.7+10 —-0.7+7 53+5.8 n.s 0.85 0.82
Pelvic tilt 15.7+14 16.2+14 —-0.5+8 7.0+5 n.s 0.9 0.87
Sacral Slope 35.8+10 34.8+10 -1+7 53+4 n.s 0.91 0.89
Pelvic Incidence 59.2+13 59.5+13 0.2+3 3+2 n.s 0.94 0.93

The values are given in mean value and standard deviation. n.s not significant (p > 0.05)
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(1%) patients. No significant differences in the AAI were
observed between the level fused (Fig. 2).

The Pearson correlation demonstrated a strong negative
correlation of AAI with the ALL (r=- 0.72, p<0.001).
Other spinopelvic parameters, the level or the number of
levels fused, as well as the involvement of the sacrum in the
LSF, did not correlate with a AAL

A subgroup analysis demonstrated that patients with
a AAI>10° had no significant differences compared to
patients with AAI<10° following LSF in demographics,
the involvement of sacrum in the LSF, or the number of
multi-level fusion (Table 3).

Discussion

The complex and dynamic interplay between the spine, hip,
and pelvis is not well understood. A potential change of
native Al following LSF could result in the much-debated
change in risk for THA instability. The main purpose of
the present study was to investigate whether the native Al
changes following LSF and to identify potential correlations
between the AAI and several spinopelvic and demographic
parameters. Following LSF, the average absolute AAI was

Fig.2 Summary of the mean

5.4+4, whereas a AAI>10° was observed in 13.6% of
the patients. The AAI correlated strongly with the ALL
(r=0.72, p<0.001).

To the current date, only a few studies have investi-
gated the functional acetabular orientation following LSF.
In a retrospective radiological study, Bernstein et al. [2]
analyzed 50 patients with LSF and 100 patients with low
back pain and reported an average change in acetabular
anteversion between flexion and extension of the lumbar
spine of 21° and 15° in patients without and with a LSF,
respectively. In patients with a LSF involving the sacrum,
the average change in acetabular anteversion from flex-
ion to extension was 10°. Similarly, Lazennec et al. [10]
reported an average change in acetabular anteversion of
7.1° between sitting and standing in the 93 THA patients
with LSF and 12.1° in the control group of 150 THA
patients without LSF. Park et al. [13] reported an aver-
age decrease of about 5-10° in PT and 3-5° in LL with
unchanged PI in 104 patients with degenerative lumbar
spine disease from standing to supine. Although these
studies contributed significantly to the understanding of
dynamic spinopelvic mobility during functional activi-
ties, they did not report the effect of LSF on spinopelvic
parameters in an intrasubject-specific manner. The present
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Taple 3 Subgroup analysis of Parameter Patients with Patients with Significance
patient with a AAV > 10° versus AAV > 10° AAV < 10° (p value)
AAV < 10° following LSF (n=66) (n=419)
Age, mean + SD (range), years 64.3+14 64.4+13 n.s
Male gender, % (n) 58% (38) 54% (225) n.s
BMI, mean + SD (range), kg/m? 27.7+4 28.0+7.5 n.s
Fusion involving the sacrum, % (n) 58% (38) 54% (226) n.s
Multi-level (>3 levels) fusion, % (n) 24% (16) 19% (81) n.s

The values are given in mean value and standard deviation. n.s not significant (p >0.05)
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study compared the change of several spinopelvic param-
eters following LSF in the same individual and reported
an average change of 5.4 (0-26)° in Al, with 13.6% of the
patients demonstrating a change of > 10°. These results
suggest that the native acetabular Al could change fol-
lowing a LSF, implying that both hip and spine surgeons
should be aware of these changes when planning THA in
patients with previous LSF or vice versa.

Spinopelvic relationships and their impact on the func-
tional THA acetabular component orientation remains a
continued area of interest, especially in an attempt to pre-
dict the ideal patient-specific acetabular safe zones based on
preoperative functional imaging. Buckland et al. [4] demon-
strated in a prospective, multicenter study with 33 patients
(41 THA) who underwent a spinal realignment procedure,
that a mean AAI of 5° and high correlation of AAI with the
APT (r=0.83, p<0.05), ASS (r=—0.76, p<0.05) and ALL
(r=—0.69, p<0.05). Nevertheless, in a prospective radio-
logical analysis of 24 patients without a LSF and 27 with a
previous LSF undergoing a THA, Nam et al. [12] reported
high intrasubject variability in pelvic motion and functional
component orientation following THA. Haffer et al. [6] in
a prospective study of 197 THA patients demonstrated a
significant difference in cup anteversion between between
siiting and standing of an average (stiff/neutral/hypermobile
6° for stiff, 12° for neutral ans 20° for hepermobile patients.
The present radiological analysis of 485 patients, who
underwent LSF, demonstrated that the native AA/ following
LSF correlated strongly with the ALL (r=0.72, p<0.001)
only. Other spinopelvic parameters, the level or the number
of levels fused, as well as the involvement of the sacrum in
the LSF, did not correlate with a AAIL

The present study should be interpreted in light of its
potential limitations. The most obvious drawback was the
retrospective study design. However, due to the standardized
clinical and radiological follow-up protocol and the excellent
documentation in a university hospital setting, the necessary
patient data were available for full analysis. Furthermore,
the manual measuring on standing lateral radiograph images
could lead to errors in the studied parameters. Neverthe-
less, a standardized measurement technique was applied and
multiple independent measurements were performed by two
observers, showing excellent intra- and interobserver reli-
abilities, suggesting that the results were valid, accurate, and
reproducible. Moreover, the sample size was quite heterog-
enous as patients with LSF at several levels were included.
A subgroup analysis was however performed to analyze the
effect of different fusion levels on the AAI Finally, all the
patients in the present study underwent LSF for lumbar spi-
nal stenosis and therefore might have different changes in
acetabular Al than patients who underwent LSF for other
pathologies such as scoliosis, kyphosis, or high-grade isth-
mic spondylolisthesis.

In conclusion, the current study investigated the effect
of LSF on the native Al in 485 patients in a standing posi-
tion and demonstrated that the Al changes at an average
of 5.4 +4° following LSF, with 13.6% of the patients dem-
onstrating a AAI>10°. The AAI correlated strongly with
the ALL (r=0.72, p<0.001). These results suggest that the
native acetabular Al could change following a LSF, implying
that clinical decision-making should consider the relation-
ship between native acetabular anteinclination and lumbar
lordosis to reduce the risk of functional acetabular compo-
nent malalignment in THA patients undergoing a LSF or
vice versa.
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