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Abstract
Introduction

Although sagittal alignment is known to influence pelvic position, few studies accurately
identify the relationship between sagittal alignment and acetabular orientation. We
hypothesized that postoperative PT should be correlated with acetabular change in native
hips after surgical correction of adult spinal deformity.

The objective of this study was therefore to describe the correlation between the change in
pelvic tilt and the change in acetabular orientation two years after surgical correction of adult
spinal deformity.

Material and method

Based on a retrospective study of a prospective mono center database, 127 acetabuli out of
sixty-nine patients were analyzed preoperatively and at two years postoperatively of surgical
management of sagittal imbalance by posterior arthrodesis extended to the pelvis. The
analysis was based on bi-planar EOS radiographs with 3D reconstructions of the pelvis and
spine using SterEOS 3D software.

The following specific parameters were analyzed: sacral slope, pelvic tilt, lumbar lordosis, SVA,
acetabulum tilt (AT) , anteversion (AA) (orientation of the acetabulum in the axial plane),
abduction (AAbd) (orientation of the acetabulum in the frontal plane), inclination (Al)
(orientation of the acetabulum in the sagittal plane), and anterior acetabulum coverage (ACA).

A Pearson correlation was performed between the pre-and postoperative change in
acetabular parameters (right and left) and pelvic parameters. Linear regressions were
performed to identify the most relevant pelvic and spinal parameters. A subgroup analysis
was performed to identify a difference between distal sacral and distal ilium fixations.



Results

All measured acetabular parameters were significantly different two years after surgery.
Changes in AT (p=0.03), Al (p=0.03) and ACA (p=0.05) were significantly greater in the ilium
fixation group. Postoperative PT reduction was strongly correlated with the decrease of AT
and AA (=0.61 and =0.57, p<0.001), it was also correlated with the increase of Al and ACA and
the decrease of AAbd. The entire cohort linear regression analysis revealed that a 1° decrease
in PT resulted in a 0.4° decrease in AA and a 0.6° decrease in AT (R2 =0.45 and =0.38).

Conclusion

Our study highlights the significant influence of the change in sagittal alignment on acetabular
orientation in standing position. This correlation explains the increased risk of anterior hip
impingement, the change in acetabular load distribution that might lead to early hip
osteoarthritis, and the overall change in the subjects' gait pattern.

Level of evidence: IV.

Keywords: Acetabulum, 3D orientation, EOS, Sagittal balance, Hip, Spine.

Abbreviations:

LL: Lumbar Lordosis

PT: Pelvic Tilt

SS: Sacral Slope

Pl: Pelvic Incidence

SVA: Sagittal Vertical Axis

AT: Acetabulum Tilt

AA: Acetabulum Anteversion
AAbd: Acetabulum Abduction
Al: Acetabulum Inclination

ACA: Anterior Coverage of the Acetabulum

Introduction

Correlation analyses between pelvic and spinal parameters are common in the
literature, and different studies have documented these relationships during pre and
postoperative course of various spinal pathologies [1-3]. Thus, the loss of lumbar lordosis and
progressive increase of thoracic kyphosis related to aging or spinal deformity leads to a chain
of compensatory mechanisms that aims to counterbalance the induced sagittal malalignment
and maintain horizontal gaze [3—7]. Hip hyperextension, pelvic retroversion, and knee flessum
are the main compensatory mechanisms that can indirectly be modified after sagittal



correction surgery. Therefore, the change in pelvic tilt (defined as the angle between the
vertical axis and a line running from the center of the bifemoral heads to the sacral endplate
midpoint) has an impact on acetabular orientation during standing and walking [8-10].

This correlation can be responsible for a cross-symptomatology and is part of the
definition of hip-spine syndrome [11,12]. It is therefore not uncommon to notice a
decompensation of hip osteoarthritis after spine surgery or a postoperative low back pain
decompensation after a total hip arthroplasty (THA) [13]. Concurrently, it has been reported
that significant hip osteoarthritis leading to hip flessum can increase anterior sagittal
imbalance and a THA surgery can therefore improve sagittal alignment and spinal
symptomatology [14-16].

Spinal surgery has also been identified as a risk factor for THA instability [17,18] with
an almost one-to-one ratio between angular changes in pelvic tilt and acetabular anteversion
[10]. Such changes in acetabular orientation might also occur in native hips after spinal surgery.
The analysis of the three-dimensional acetabular orientation in the standing position is
therefore essential for the understanding and management of complex hip and spine
pathologies. Recently, Masquefa et al. [19] have reported the reliability and reproducibility of
3D acetabular parameters measurements using full-spine biplanar radiographs and a
dedicated software. This technique allows an analysis of the patient in the standing position,
at the cost of much less radiation than a bone CT scan.

With regards to surgical management of adult spinal deformities (ASD), there is, to our
best knowledge, no study that reported relationship between change in pelvic tilt and change
in acetabular orientation of native hips in standing position. The objective of this study was
therefore to describe the correlation between the change in pelvic tilt and the change in
acetabular orientation two years after surgical correction of ASD. After formulating the
hypothesis that postoperative PT should be correlated with acetabular change in native hips
after surgical correction of ASD, we tried to answers the following questions:

- What are the changes in spinal and acetabular parameters 2-years after surgical
management of ASD?

- What are the differences in acetabular parameters variations according to the
lowest instrumented vertebra (sacrum vs. ilium)?

- Are there any differences in clinical outcomes according to the lowest
instrumented vertebra (sacrum vs. ilium)?

- What are the correlations between postoperative changes in PT and acetabular
parameters?

Methods
Study population

This is a retrospective analysis of a prospective, single-center database (IRB: 00009118).
Patients over 18 years old who underwent extensive posterior arthrodesis including the
lumbosacral junction for spinal deformity correction were analyzed. The exclusion criteria
were neurological spinal deformity, non-walking patient, trauma or major surgery of the lower
limbs, the existence of a THA or EOS radiographs whose quality did not allow specific analysis.



The cohort was further divided into two subgroups according to lowest instrumented vertebra:
sacrum or ilium.

Study protocol

Preoperatively and two years postoperatively, each patient underwent a standing EOS full-
spine radiograph (EOS Imaging®, Paris, France).

A 3D reconstruction of the pelvis and spine was performed by an orthopedic surgeon using a
dedicated specific software (Arts et Métiers ParisTech, Paris, France). Based on the
investigator's identification of key anatomical points on the AP and lateral views, a semi-
automatic measurement of acetabular orientation and all spinal pelvic parameters according
to the "functional" reference vertical was performed (Figure 1). The reliability and
reproducibility of this reconstruction having already been previously established in the
literature [19,20].

For each radiograph, the following spinopelvic parameters were analyzed: sacral slope (SS),
pelvic tilt (PT), lumbar lordosis (LL, measured between the upper endplate of S1 and the
thoracolumbar inflection point), C7-SVA (SVA).

The following measurements were performed on the acetabulum (Figure 2):

- Acetabulum tilt (AT) defined by Lazennec et al. [21] as the angle between the
intersection of the plane of the acetabulum rim with the sagittal plane passing through
the center of the acetabulum and the intersection of the horizontal plane passing
through the center of the acetabulum.

- Acetabulum anteversion (AA) defined by the angle between the sagittal plane of the
pelvis and the line passing through the outer point of the anterior border and the outer
point of the posterior border of the acetabulum with the horizontal plane and the
intersection of the sagittal plane.

- Acetabulum abduction (AAbd) defined by the normal of plane of the acetabular rim
through the center of the acetabulum and the vertical.

- Acetabulum inclination (Al) defined by the angle between the plane of the acetabular
rim with the frontal plane and the sagittal plane of the pelvis.

- Anterior coverage of the acetabulum (ACA) defined by the intersection of the
horizontal plane passing through the center of the acetabulum with the anterior
border of the acetabulum.

Aside radiographic parameters, for each patient, clinical scores that included Oswestry
Disability Index (ODI), Lumbar visual analogic scale (Lumbar VAS) and Radicular visual analogic
scale (Radicular VAS) were collected preoperatively and at last follow-up.

Statistical analysis

Postoperative changes in spinopelvic and acetabular parameters were calculated (mean,
standard deviation, minimum and maximum). Statistical analysis was performed using SPSS®
software. Paired bilateral Student's t-test were performed to compare pre-and postoperative
data. Pearson correlation coefficients were determined between the postoperative change in
acetabular and pelvic parameters. Linear regressions were performed to identify significant



relationships between pelvic and spinal parameters. A subgroup analysis was performed
between distal sacrum and ilium fixations in order to compare differences from pre to
postoperative measurements (Figure 3). The significance level was set at 5% (i.e. p<0.05) for
all statistical analyses.

Results
Study population

Between October 2016 and February 2019 we included 69 patients corresponding to 127
acetabulum (61 right and 66 left hip). The mean age was 67.2 years (SD=7.5 from 37 years to
80 years). The sex ratio was 3/1 in favor of women (54 women/15 men). All demographic and
clinical data are presented in Table 1.

Postoperative changes

Mean preoperative PT was 30° (SD=9, min=4, max=47), mean preoperative PI-LL mismatch
was 23° (SD=18) mean preoperative AT was 35° (SD=10, min=7 max=59), mean preoperative
AA was 24° (SD=6, min=7, max=40) (Table 2, Figure 4).

At 2 years of follow-up, significant changes in spinopelvic parameters were found, with a
significant decrease in PT and SVA and a significant increase in LL and TK (Table 2). All
acetabular parameter values were significantly different postoperatively, without significant
difference between right and left acetabular parameters.

While the average change in Pl was not significant on the whole series, postoperative Pl was
increased by more than 5 degrees in 5 patients (4 distal sacral fixations, 1 distal iliac fixation).
Among them, one patient had an increase of 15° following a sacral fracture.

Subgroup analysis (sacrum vs. ilium)

With regards to spinopelvic parameters changes from preoperative to postoperative
measurements, no significant difference was found between the 2 subgroups (i.e. no
significant changes in PT, LL, SVA and TK between subgroups). With regards to acetabular
parameters, a significant decrease in acetabular anteversion and tilt associated with a
significant increase of anterior coverage was found in the ilium fixation group. Other
acetabular parameters did not differ significantly between the two subgroups (Table 3).

Clinical evaluation

On the whole series, all clinical scores were significantly improved, with an average decrease
of 3.6 points in Lumbar-VAS (from 7.1 preoperatively to 3.5 postoperatively, p<0.001), 2.5
points in Radicular-VAS (from 5.1 preoperatively to 2.6 postoperatively, p<0.001) and 23.8%
in ODI (from 60.4 preoperatively to 36.6 postoperatively, p<0.001). While no differences
were found between the two subgroups for Radicular-Vas and ODI, a significantly greater
decrease of the Lumbar-VAS was found in the subgroup of patients who had an iliac distal
fixation (Table 3).

Correlation analysis

Postoperative PT reduction was significantly correlated with the decrease of AT and AA
(rho=0.61 and rho=0.57, p<0.001, high correlation). It was also correlated with the increase of
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Al and ACA and the decrease of AAbd. These correlations were stronger in the ilium fixation
group (Table 4).

On the whole series, linear regression analysis revealed that a 1° decrease in PT resulted in a
0.4° decrease in AA and a 0.6° decrease in AT (R2 =0.45 and rho=0.38, medium correlation).

In the group of ilium fixation patients, a 1° decrease in PT resulted in a 0.47° decrease in AA
and a 0.62° decrease in AT (R2 =0.3 and rho=0.38, medium correlation). In sacrum fixation
patients, a 1° decrease in PT resulted in a 0.35° decrease in AA and a 0.6° decrease in AT (R2
=0.3 and rho=0.4, medium correlation) All relationships are presented in Table 4, linear
regressions are presented in Figure 5.

Discussion

Postural adaptation to a spinal malalignment leads to different compensatory
mechanisms [22]. Although full spine radiographs are now widely used in spine surgery, its
use is still uncommon during preoperative assessments of hip surgery. It has been shown that
the position of the pelvis in standing position, as reflected by the pelvic tilt angle, influences
acetabular orientation [21,23-25]. Although this correlation has been previously analyzed
after spine surgery on the orientation of a prosthetic acetabular implant, there is no study in
the literature describing orientation changes of the native acetabulum.

Changes in spinopelvic and acetabular parameters

While the results from this study revealed significant changes in spinopelvic
parameters after surgical management of spinal deformities, such results have been already
reported in the literature. Results on native acetabular measurements have not, to date, been
described and revealed that the correction of pelvic tilt was associated with a decrease of
acetabular tilt and anteversion associated with an increase of acetabular inclination and
anterior coverage. Previous studies [25,26] have highlighted the impact of lumbar or
lumbosacral arthrodesis on hip biomechanics. A decrease in the adaptability of the
lumbosacral junction may lead to episodes of subluxation or dislocation in patients with THA,
but it may also lead to complications in a native hip. In addition to acute episodes of
dislocation, a change in acetabular orientation when standing in a weight-bearing position and
during walking can also have medium and long-term consequences [26]. Different studies
have shown the reciprocal interactions of the lumbosacral junction and the hip ranges of
motion during daily activities [26]. For most patients, during the transition from standing to
sitting, the lumbar lordosis decreases, the pelvis retroverts and the acetabulum anteverts to
avoid impingement, but when a lumbar arthrodesis fixes the pelvis, the dynamic retroversion
capacity of the pelvis is blocked and the acetabulum cannot be anteverted, which may lead to
anterior hip impingement [26,27]. Moreover, patients with anterior sagittal imbalance can
have significant pelvic retroversion leading to an anterior superior uncovering of the
acetabulum, which is explained by the functional and not anatomical hyper anteversion of the
acetabulum in these patients. This loss of anterior coverage may be associated with a
posterior bump effect due to compensatory hip hyper-extension (or by increased femoral
anteversion in case of pelvic retroversion) when standing, which may cause destabilization of
the native hip or the prosthetic implant [27].

Subgroup analysis



Despite the limited subgroup sizes in our study, we were able to identify significant
differences between the two subgroups with a significant decrease of acetabular anteversion
and tilt associated with an increase of anterior coverage in patients with a distal ilium fixation.
These differences can be explained by the mobility of the sacroiliac joints in patients with
sacrum fixation. Legaye et al. [28] demonstrated a significant increase in pelvic incidence in a
low back pain population over 60 years of age, indicating rotatory mobility in the sacroiliac
joints. This mobility, although it may be the cause of low back pain and truncated sciatica, may
explain the differences between our subgroups with regards to clinical scores. Thus, ilium
fixation leads to a greater constraint on the position of the pelvis with a greater modification
of the acetabular tilt and anterior coverage (-5.3° Vs -3.1° p=0.03 and +4.7° Vs +2.5° p=0.05
Table 2). Distal sacrum fixation allows the patient to attenuate these acetabular changes at
the cost of rotational stress applied to the sacroiliac joints, which may explain persistent pain
in these patients. However, a study on larger cohorts is needed to confirm this result and it
would be interesting to look for a difference in the progression of hip osteoarthritis in these
two populations.

Correlations between Pelvic Tilt and acetabular measurements

Our study attempts to elucidate the correlations between postoperative changes in
pelvic tilt and acetabular parameters after a posterior spinal fixation that included the
lumbosacral junction. We were able to demonstrate significant changes in main acetabular
parameters postoperatively with a significant correlation indicating that a 1° change in PT
leads to a 0.6° change in acetabular tilt. This is consistent with different studies performed on
patients with THA. This correlation relies directly on the specific anatomy of the acetabulum-
bearing coxal bones with an internal rotation that depends on the pelvic incidence [27].
Mekhael et al. [20] have recently investigated the 3D orientation of the acetabulum in ASD
and asymptomatic control subjects which is reported in figure 4. These results tend to reveal
that all postoperative acetabular parameters tend to match the values of this normative group.

Femoral head coverage is a key consideration used as a diagnostic and prognostic factor in hip
pathology, but it is also a positional factor that cannot be accurately assessed by a
conventional CT scan obtained in lying position. The hypothesis that the change in femoral
head coverage could be predicted from the change in PT was demonstrated by Uemura et al.
[24] who found a linear correlation between changes in pelvic tilt and coverage of the anterior
and posterior regions of the acetabulum. This change was particularly significant in the
anterior part of the acetabulum. These results are consistent with our study, which reported
an increase in anterior coverage during the postoperative decrease in pelvic tilt, although the
linear regression performed does not allow us to determine a significant regression coefficient.

Limitations and perspectives

Although our cohort is large, it is important to highlight certain limitations of the study. The
low degrees of variation in acetabular parameters raise questions about their clinical
relevance, and suggest the need for a larger sample size to reduce potential measurement
discrepancies. Enlarging the cohort would enhance the robustness of the study and provide a
better understanding of the phenomenon.

The innovation of our study relies on the nature of the imaging used for the 3D reconstructions.
Indeed, the use of EOS® radiography reduces the patient's radiation exposure and allows a
study in the standing position. The significant follow-up after spinal surgery (more than 2 years)
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makes it possible to limit the impact of initial analgesic positions, which persist during the first
year of rehabilitation after adult spinal deformity surgical correction. Further studies will be
necessary to confirm these results and it is reasonable to believe that in a near future Al will
help physicians to understand more accurately these phenomenon [29].

Conclusion

Our study highlights the significant influence of sagittal alignment modifications on
acetabular’s orientation in standing position. This correlation may influence various
pathophysiological phenomena to be considered postoperatively after surgical correction of
spinal deformity. These phenomena must be considered when planning deformity correction
surgery and must be part of the information provided to the patient. It would also be advisable
to perform an EQS radiograph in order to plan a THA.

Authors’ contribution:
- Solene Prost, Romain Ambrosino: writing the manuscript.
- Stéphane Fuentes, Patrick Tropiano, Sébastien Pesenti, Benjamin Blondel and Wafa
Skalli: coordinating the research, supervising the manuscript.

Funding: grant from the SOFCOT (Soléne Prost)

IRB: 00009118 CCP Sud-Est II
Conflicts of interest:
In relation to this work: B. Blondel is an editor of OTSR.
Outside this work:
- B. Blondel : Consultant for Medicrea, Vexim-Stryker, Implanet, 3M, Centinel
S. Prost : Compensation for travel expenses, Zimmer Biomet and Stryker
S. Fuentes : Consultant for Medicrea, Medtronic, Stryker
S. Pesenti: Consultant for Stryker et Implanet
- R. Ambrosino: No conflict
W. Skalli : No conflict
- P. Tropiano: Consultant for Depuy Synthes, FH, Centinel, LDR Zimmer
Declaration of generative Al and Al-assisted technologies: no use of any generative Al or Al-

assisted technologies to write this manuscript.



References

[1]

(2]

3]

[4]

(5]

(6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

Charles YP, Lamas V, llharreborde B, Blondel B, Prost S, Bauduin E, et al. Comparison of
Spinopelvic Configuration and Roussouly Alignment Types Between Pediatric and Adult
Populations. Spine 2022;47:1303-13. https://doi.org/10.1097/BRS.0000000000004411.
Lafage R, Schwab F, Challier V, Henry JK, Gum J, Smith J, et al. Defining Spino-Pelvic
Alignment Thresholds: Should Operative Goals in Adult Spinal Deformity Surgery Account
for Age? Spine 2016;41:62-8. https://doi.org/10.1097/BRS.0000000000001171.

Le Huec JC, Thompson W, Mohsinaly Y, Barrey C, Faundez A. Sagittal balance of the spine.
Eur Spine J Off Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv Spine Res Soc
2019;28:1889-905. https://doi.org/10.1007/s00586-019-06083-1.

Abelin-Genevois K. Sagittal balance of the spine. Orthop Traumatol Surg Res
2021;107:102769. https://doi.org/10.1016/j.0tsr.2020.102769.

Le Huec JC, Charosky S, Barrey C, Rigal J, Aunoble S. Sagittal imbalance cascade for simple
degenerative spine and consequences: algorithm of decision for appropriate treatment.
Eur Spine J Off Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv Spine Res Soc
2011;20 Suppl 5:699-703. https://doi.org/10.1007/s00586-011-1938-8.

Mobhsinaly Y, Boissiere L, Maillot C, Pesenti S, Le Huec J-C. Treatment of lumbar canal
stenosis in patients with compensated sagittal balance. Orthop Traumatol Surg Res
2021;107:102861. https://doi.org/10.1016/j.0tsr.2021.102861.

Baldairon F, Charles YP, Eichler D, Ntilikina Y, Sauleau EA, Steib J-P. Analysis of factors
associated with sagittal alignment deterioration after correction of degenerative
scoliosis by in situ contouring. Orthop Traumatol Surg Res 2021;107:103023.
https://doi.org/10.1016/j.0tsr.2021.103023.

Lazennec J-Y, Brusson A, Rousseau M-A. Hip-spine relations and sagittal balance clinical
consequences. Eur Spine J Off Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv
Spine Res Soc 2011;20 Suppl 5:686—-98. https://doi.org/10.1007/s00586-011-1937-9.
Lembeck B, Mueller O, Reize P, Wuelker N. Pelvic tilt makes acetabular cup navigation
inaccurate. Acta Orthop 2005;76:517-23. https://doi.org/10.1080/17453670510041501.
Buckland AJ, Vigdorchik J, Schwab FJ, Errico TJ, Lafage R, Ames C, et al. Acetabular
Anteversion Changes Due to Spinal Deformity Correction: Bridging the Gap Between Hip
and Spine Surgeons. J Bone  Joint Surg Am 2015;97:1913-20.
https://doi.org/10.2106/JBJS.0.00276.

Riviere C, Hardijzer A, Lazennec J-Y, Beaulé P, Muirhead-Allwood S, Cobb J. Spine-hip
relations add understandings to the pathophysiology of femoro-acetabular impingement:
A systematic review. Orthop Traumatol Surg Res 2017;103:549-57.
https://doi.org/10.1016/j.0tsr.2017.03.010.

Fogel GR, Esses SI. Hip spine syndrome: management of coexisting radiculopathy and
arthritis of the lower extremity. Spine J Off J North Am Spine Soc 2003;3:238—41.
https://doi.org/10.1016/s1529-9430(02)00453-9.

Hovorka |, Rousseau P, Bronsard N, Chalali M, Julia M, Carles M, et al. Extension reserve
of the hip in relation to the spine: Comparative study of two radiographic methods. Rev
Chir Orthop Reparatrice Appar Mot 2008;94:771-6.
https://doi.org/10.1016/j.rco.2008.03.033.

LazennecJY, Brusson A, Folinais D, Zhang A, Pour AE, Rousseau MA. Measuring extension
of the lumbar-pelvic-femoral complex with the EOS® system. Eur J Orthop Surg
Traumatol Orthop Traumatol 2015;25:1061-8. https://doi.org/10.1007/s00590-015-
1603-8.



[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Lazennec JY, Clark IC, Folinais D, Tahar IN, Pour AE. What is the Impact of a Spinal Fusion
on Acetabular Implant Orientation in Functional Standing and Sitting Positions? J
Arthroplasty 2017;32:3184-90. https://doi.org/10.1016/j.arth.2017.04.051.

DelSole EM, Vigdorchik JM, Schwarzkopf R, Errico TJ, Buckland AJ. Total Hip Arthroplasty
in the Spinal Deformity Population: Does Degree of Sagittal Deformity Affect Rates of
Safe Zone Placement, Instability, or Revision? J Arthroplasty 2017;32:1910-7.
https://doi.org/10.1016/j.arth.2016.12.039.

Abdel MP, von Roth P, Jennings MT, Hanssen AD, Pagnano MW. What Safe Zone? The
Vast Majority of Dislocated THAs Are Within the Lewinnek Safe Zone for Acetabular
Component Position. Clin Orthop 2016;474:386-91. https://doi.org/10.1007/s11999-
015-4432-5.

Auberger G, Pansard E, Bouche P-A, Marmorat J-L, Judet T, Lonjon G. Pelvic position, lying
on a traction table, during THA by direct anterior approach. Comparison with the
standing position and influence on the acetabular cup anteversion. Orthop Traumatol
Surg Res 2021;107:103077. https://doi.org/10.1016/j.0tsr.2021.103077.

Masquefa T, Verdier N, Gille O, Boissiére L, Obeid I, Maillot C, et al. Change in acetabular
version after lumbar pedicle subtraction osteotomy to correct post-operative flat back:
EOS® measurements of 38 acetabula. Orthop Traumatol Surg Res 2015;101:655-9.
https://doi.org/10.1016/j.0tsr.2015.07.013.

Mekhael M, Kawkabani G, Saliby RM, Skalli W, Saad E, Jaber E, et al. Toward
understanding the underlying mechanisms of pelvic tilt reserve in adult spinal deformity:
the role of the 3D hip orientation. Eur Spine J Off Publ Eur Spine Soc Eur Spinal Deform
Soc Eur Sect Cerv Spine Res Soc 2021;30:2495-503. https://doi.org/10.1007/s00586-
021-06778-4.

Lazennec J-Y, Charlot N, Gorin M, Roger B, Arafati N, Bissery A, et al. Hip-spine
relationship: a radio-anatomical study for optimization in acetabular cup positioning.
Surg Radiol Anat SRA 2004;26:136-44. https://doi.org/10.1007/s00276-003-0195-x.
Thelen T, Thelen P, Demezon H, Aunoble S, Le Huec J-C. Normative 3D acetabular
orientation measurements by the low-dose EOS imaging system in 102 asymptomatic
subjects in standing position: Analyses by side, gender, pelvic incidence and
reproducibility. Orthop Traumatol Surg Res 2017;103:209-15.
https://doi.org/10.1016/j.0tsr.2016.11.010.

Kobayashi T, Morimoto T, Yoshihara T, Sonohata M, Riviere C, Mawatari M. The
significant relationship among the factors of pelvic incidence, standing lumbar lordosis,
and lumbar flexibility in Japanese patients with hip osteoarthritis: A descriptive
radiographic study. Orthop Traumatol Surg Res 2022;108:103123.
https://doi.org/10.1016/j.0tsr.2021.103123.

Uemura K, Atkins PR, Peters CL, Anderson AE. The effect of pelvic tilt on three-
dimensional coverage of the femoral head: A computational simulation study using
patient-specific anatomy. Anat Rec Hoboken NJ 2007 2021;304:258-65.
https://doi.org/10.1002/ar.24320.

Lum ZC, Klineberg EO, Danielsen B, Giordani M, Meehan JP. Female Sex and Longer
Fusion Constructs Significantly Increase the Risk of Total Hip Arthroplasty Following
Spinal Fusion. J Bone Joint Surg Am 2019;101:675-81.
https://doi.org/10.2106/JBJS.18.00667.

10



[26]

[27]

[28]

[29]

Kawai T, Shimizu T, Goto K, Kuroda Y, Okuzu Y, Fujibayashi S, et al. Number of Levels of
Spinal Fusion Associated with the Rate of Joint-Space Narrowing in the Hip. J Bone Joint
Surg Am 2021;103:953-60. https://doi.org/10.2106/JBJS.20.01578.

Riviere C, Harman C, Parsons T, Villet L, Cobb J, Maillot C. Kinematic alignment versus
conventional techniques for total hip arthroplasty: A retrospective case control study.
Orthop Traumatol Surg Res 2019;105:895-905.
https://doi.org/10.1016/j.0tsr.2019.02.012.

Jean L. Influence of age and sagittal balance of the spine on the value of the pelvic
incidence. Eur Spine J Off Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv Spine
Res Soc 2014;23:1394-9. https://doi.org/10.1007/s00586-014-3207-0.

Charles YP, Lamas V, Ntilikina Y. Artificial intelligence and treatment algorithms in spine
surgery. Orthop Traumatol Surg Res 2023;109:103456.
https://doi.org/10.1016/j.0tsr.2022.103456.

11



Legend of the figures:

Figure 1: Example of 3D reconstruction from the AP and lateral EOS radiographs.

Figure 2: Acetabulum parameters measured

Acetabulum tilt (AT) (Lazennec et al. [21] ) was defined as the angles between the lines
formed by the intersects of the sagittal plane with both the acetabular rim plane and
the horizontal plane

Acetabulum anteversion (AA) was defined as the angle between the lines resulting
from the intersections of the horizontal plane with both the acetabular rim plane and
the sagittal plane

Acetabulum abduction (AAbd) abduction was defined as the angle between the line
perpendicular to the acetabular rim plan and the vertical axis

Acetabulum inclination (Al) was defined as the angle between the line resulting from
the intersection of the acetabular rim plane with the frontal plane, and the vertical
axis.

Anterior coverage of the acetabulum (ACA) was defined as the angle between the line
joining the two acetabular centers, and the line joining the acetabular center and the
point at the intersection between the horizontal plane passing through the acetabular
center and the frontal part of the acetabular edge.

Acetabulum Tilt Acetabulum Anteversion Acetabulum Inclinatson

[

Figure 3: Example of EOS radiographs preoperatively and at 2 years postoperatively. A: Distal
sacral fixation, B: Distal iliac fixation.
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Figure 4: Postoperative radiographic results. * The results of the asymptomatic cohort from
Mekhael et al. [20] has been added for reference.
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Figure 5: Linear regression of acetabular parameters based on pelvic tilt in the overall cohort.
(PT: Pelvic Tilt, AT: Acetabulum Tilt, AA: Acetabulm Anteversion, Al: Acetabulum Inclinaison,
AAbd: Acetabulum Abduction, ACA: Anterior Coverage of the Acetabulum, SD: Standard

Deviation)
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Table 1: Demographic and surgical data of the cohort.

%

Acetabulum 127 100
Sex Female 97 76
Male 30 24
Age 67 SD=11 (From 37 to 80)
llium 46 36
Distal fixation

Sacrum 81 64

>T4 70 55

T5-T8 28 22

Proximal fixation

T9-T12 20 16

L1-L2 9 7
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Table 2: Changes of measured parameters from pre to postoperative radiographic evaluation.

Preoperative postoperative
Parameters P
mean SD mean SD
Pelvic Incidence 52 11 54 4 0.056
Pelvic Tilt 30 9 25 7
Lumbar Lordosis 32 19 49 13
Sagittal Yertlcal 75 61 47 37
Axis
Thoracic 48 20 56 22
Kyphosis
Acetabulum Tilit 35 10 31 9
<0.001
Acetabulflm o 6 29 6
Anteversion
Acet.abu'lum 32 4 34 4
Inclination
Acetabulum
Abduction 60 > >8 1
Anterior
Coverage of the 51 9 54 8
Acetabulum
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Table 3: Change in parameters at 2 years postoperatively, comparative subgroup analysis. (PT:
Pelvic Tilt, LL: Lumbar Lordosis, SVA: Sagittal Vertical Axis, TK: Thoracic Kyphosis, AT:
Acetabulum Tilt, AA: Acetabulm Anteversion, Al: Acetabulum Inclination, AAbd: Acetabulum
Abduction, ACA: Anterior Coverage of the Acetabulum, SD: Standard Deviation.) A represents
the change from pre to postoperative evaluation.

Parameters Global Distal ilium fixation Distal sacral fixation
Average SD Average SD Average SD P
A ODI -23.8 17 -26.7 13 -21.8 20 0.37
A Lumbar VAS -3.6 1 -4.4 1 -3.1 1 0.002
A Radicular VAS -2.5 3 -3.2 3 -2.1 3 0.21
API 3 7 2 6 3 5 0.34
APT -5 6 -6 7 -4 6 0.07
AlLL 17 18 19 16 15 17 0.28
A SVA -28 64 -40 80 -22 53 0.15
ATK 8 22 10 17 6 25 0.46
A AT -4 6 -5 7 =3 6 0.03
AAA -2 4 -3 4 -2 4 0.09
AAI 1 3 2 3 1 3 0.03
A AAbd -2 4 -2 4 -1 3 0.09
A ACA 3 7 5 8 3 6 0.05
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Table 4: Pelvic tilt/acetabular parameters correlation analysis. (PT: Pelvic Tilt, AA: Acetabulum
Anteversion, Al: Acetabulum Inclinaison, AAbd: Acetabulum Abduction, ACA: Anterior
Coverage of the Acetabulum). A represents the change from pre to postoperative evaluation.

Pearson Linear Regression
APT=1°
p p R2 Coefficient
A AA 0.57 <0.001 0.45 0.4
AAT 0.61 <0.001 0.38 0.6
Global A Al -0.32 <0.001 0.12 -0.2
A AAbd 0.41 <0.001 0.20 0.3
A ACA -0.47 <0.001 0.22 -0.5
A AA 0.59 <0.001 0.3 0.47
A AT 0.57 <0.001 0.38 0.62
Distal iliac fixation A Al -0.2 0.26 0.28 -0.3
A AAbd 0.32 0.031 0.3 0.34
A ACA -0.37 0.012 0.2 -0.5
A AA 0.57 <0.001 0.3 0.35
AAT 0.56 <0.001 0.4 0.6
Di:it:altsiztr:‘ral A Al -0.11 0.33 0.13 -0.2
A AAbd 0.25 0.02 0.2 0.25
A ACA -0.49 <0.001 0.25 -0.6
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