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Abstract

Objective: We sought to correlate various spinopelvic and lower limb alignments, and to examine the current spin-
opelvic theories on a Chinese cohort.

Methods: We retrospectively reviewed 166 patients undergoing THA. Among them, 138 patients with unilateral THA
met the inclusion criteria. Sagittal alignments and cup orientations were measured on standing and sitting lateral EOS
images. Patients were categorized into two groups with a scoring system for lumbar spine degeneration. Patients’
demographics including age, sex, lumbar spine degeneration and radiographic measurements were studied.

Results: PT,SS, LL and TK differed significantly between standing and sitting within each group except for TK in
degenerative group (32.8+13.9 vs. 32.94 14.2, p=0.905). Compared with degenerative spine group, non-degener-
ative spine patients have great pelvic mobility (APT,-24.44+12.5°vs.-17.6+ 10.7, p=0.0008), greater lumbar mobil-
ity (ALL, -34.84+15.2 vs.-21.74+12.2, p=<0.0001) and compensatory cup orientation changes (ARA, -155411.1 vs.
-12.04+84, p=0.00920; ARI,-10.8 £ 11.5 vs.-5.6 = 7.5, p=0.0055). Standing PT and ankle dorsiflexion angle correlated
positively (R?=0.236, p=0.005).

Conclusion: THA patients in this cohort showed a spinopelvic motion paradigm similar to that from previous studies
on Caucasians. Ankle dorsiflexion indicate greater posterior pelvic tilt on standing. Surgeons should beware of risks of

instability in patients with lower limb compensations.

Advances in knowledge: This study provides new insights into the clinical relevance of lower limb alignments to
spinopelvic motion after THA in a relatively young Chinese population.
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Introduction

The idea of safe zone for acetabular component orienta-
tion was proposed over 40 years ago by Lewinnek et al
[1], which has guided hip surgeons for long. However, the
past ten years witnessed the increasing challenges to the
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Lewinnek safe zone [2, 3]. A majority of authors attrib-
uted the unexpected hip instability to abnormal spinopel-
vic motions.

Using EOS imaging system, Lazennec [4] should be
credited to his pioneering work on the spine-hip relation-
ship. This low-dose biplanar imaging system enabled the
authors to explore the spine-hip relationship in various
body positions without exposing participants to greater
radiation [5]. For normal spine-pelvis-hip motion, pel-
vis tilts forwards when patients stands and tilts back-
wards when patients sit [6]. Since the acetabulum/
acetabular component is part of the pelvis, the former
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tilts simultaneously in a proportional extent to the pelvis
tilt. Hence, forward tilt of the pelvis serves as a protec-
tive mechanism against posterior impingement and ante-
rior instability with patients standing while backward tilt
prevents anterior impingement and posterior instability
when patients sit.

Although much effort has been taken on spine-hip
relationships in elder Caucasians [7-9], to date, hardly
could we find any study on a Chinese population
including patients with a younger age. The growing
number of THAs performed each year in China high-
lights that the importance of appropriate acetabular
component positioning [10]. What’s more, the major-
ity of studies merely focused on spinopelvic alignments
although EOS offers more the upper part of human
bodies. This study was aimed to verify the established
spine-hip relationship theories in a Chinese popula-
tion with a wide range of age, and to explore the corre-
lation between various sagittal alignments to the pelvic
orientation.

Materials and methods

From June 2018 to August 2019, a consecutive series
of 166 outpatients were retrospectively reviewed in
whom 138 were included in this IRB-approved study.
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Informed consent was obtained from all individual par-
ticipants included in the study. All patients had under-
gone primary THA performed by one senior surgeon at
our institute. They were followed from clinic at 6, 12,
24 weeks and then annually after surgery. The inclu-
sion criteria were as follows: (1) Patients aged over 18
years; (2) having undergone primary unilateral THA;
(3) with a diagnosis of femoral neck fracture, develop-
mental dysplasia of the hip, avascular necrosis of the
femoral head or Perthes’ disease on one hip. Exclusion
criteria were: (1) revision THA; (2) incomplete image
acquisition or collection; (3) bilateral THA; (4) bone
diseases including diffuse idiopathic skeletal hyperosto-
sis (DISH) and osteogenesis imperfecta; (5) prior spine
fracture, lumbosacral transitional vertebra, ankylosing
spondylitis or block vertebrae (Figs. 1 and 2).

Posterolateral approach was adopted for these THA
patients. Patients were positioned in a lateral decubi-
tus position. All cups were positioned freehand with
jigs. We followed the Lewinnek safe zone in which
15°+10° of anteversion and 40°£10° of inclination were
suggested for cup orientation [1]. All acetabular and
femoral components were cementless. After implant-
ing the components, the surgeon performed impinge-
ment test to examine stability.

166 patients having undergone THA

164 patients

154 patients

138 patients (138 cups)

finally included

patients excluded due to prior TKA or
revision THA (n=2)

patients excluded due to prior spine
fracture, lumbosacral transitional
vertebra, ankylosing spondylitis or
block vertebrae (n=10})

patients excluded due to bone disease
including diffuse idiopathic skeletal
hyperostosis (DISH) and osteogenesis
imperfecta (n=3}

patients excluded for bilateral THA
(n=13)

Fig. 1 The flow chart depicting the patient inclusion and exclusion process. One hundred and sixty-six THA patients were considered at the initial
stage. Patients not suitable for this study were ruled out in a stepwise fashion. At the last stage, 138 patients with unilateral THA performed were
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138 hips categorized into
two groups

Non-degenerative
lumbar spine

Degenerative lumbar
spine

Intragroup analysis
between standing and
sitting within each
group

Intergroup analysis
between degenerative
and non-degenerative

lumbar spine groups

Correlation among
spinopelvic
alignments

Fig. 2 The flow diagram illustrate that after the initial inclusion and exclusion stages, patients were further categorized into non-degenerative and
degenerative lumbar spine groups. Intragroup analyses between two postures, and intergroup analyses were conducted, followed by correlation

analyses

Image acquisition

All patients had lateral EOS full-body images (EOS
Imaging System; EOS Imaging Inc, Paris, France) in
standing and relaxed-seated position at the second-
year follow-up. When standing, they lay their hands
gently on a bar in front of them and stood still relaxed.
Such a posture enabled patients to keep balanced while
standing, and minimized the influence of upper limbs
on spinal sagittal balanced. Then, patients were asked
to sit on a stool and slightly extend their knees to
achieve an approximate flat thigh at ease.

Radiographic measurements

We measured spinopelvic tilt (SPT or simply PT), sacral
slope (SS), pelvic incidence (PI), sagittal vertical axis
(SVA), lumbar lordosis (LL), thoracic kyphosis (TK) and

proximal femoral angle (PFA) for all patients in both
standing and sitting positions. Knee flexion angle (KF)
and ankle dorsiflexion (AF) were measured for standing
images. Operative anteversion (OA) and operative incli-
nation (OI) were measured on lateral standing and sitting
EOS images and translated into Murray’s radiographic
definitions [11]. We deduced the formulae for correcting
horizontal scaling of cup projections on lateral EOS (See
supplementary materials). The calculations were per-
formed with MATLAB (MathWorks Inc., Natick, Massa-
chusetts, US).

Defining spinopelvic alignments

PT is the angle subtended by the vertical line and the
line joining the center of bixcoxofemoral axis and
the midpoint of S1 endplate. SS is the angle between
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S1 endplate and the horizontal line. PI is the angle
subtended by the perpendicular to S1 endplate and
the line connecting the midpoints of S1 endplate
and bicoxofemoral axis. LL is the angle between the
L1 upper endplate and S1 endplate. TK is the angle
between T1 upper endplate and L1 upper endplate.
PFA is the angle between the most conspicuous ante-
rior cortex of proximal femur and the vertical. KF
(knee flexion angle) is defined as the angle between
the mechanical axes of femur and tibia; AF (ankle dor-
siflexion) is the angle between the mechanical axis of
tibia and the vertical.

Lumbar spine mobility was defined as the change of
lumbar lordosis between sitting and standing positions
(ALL). Thoracic spine mobility was defined as the change
of thoracic kyphosis between standing and sitting posi-
tions (ATK).

ALL = LLsitting — LLstanding

ATK = TKstanding - Tl(sitting

Pelvic mobility was defined as the degree of pelvis’
rotation around bicoxofemoral axis in relation to the
lateral EOS detector in this study. We chose changes in
PT (APT) between standing and sitting to depict pelvic
mobility. Hip mobility is equivalent to femoroacetabular
flexion which was described with the change of proximal
femoral angle (APFA) between standing and sitting in
this study.

APT = PTstanding — PTsitting

APFA = PFAsmnding - PFAsttting

Defining lumbar disc degeneration

Patients were categorized into two groups: non-degen-
erative lumbar spine and degenerative lumbar spine.
A lumbar spine was defined as ‘non-degenerative’
once at least 1 disc with height loss of over 50%, facet
arthrosis or spondylolisthesis was observed on lat-
eral EOS images acquired at clinic visit. Facet arthro-
sis and spondylolisthesis were identified according
to Buckland’s definitions [12] to detect lumbar spine
degeneration.

Statistical analysis

We used R (version 4.1.1) for all the statistical analy-
ses. Shapiro-Wilk test and Royston tests were applied
for univariate and bivariate normality, respectively.
For homoscedasticity, we chose Levene test. Student’s
t tests and Mann Whitney U tests were performed
for interclass alignments. Paired t test and Wilcoxon
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signed rank test were performed to detect the differ-
ence among interclass variables. Correlation coeffi-
cients among potentially relevant sagittal alignments
were calculated with either Pearson or Spearman
correlation.

Results

Patient demographics

One hundred and thirty-eight patients undergoing uni-
lateral THA were included for sagittal spinopelvic and
lower limb alignments analysis. Bilateral THA patients
were excluded, for they constituted only about one-tenth
of the population. Ruling them out would not influence
statistical significance but rather enable us to use statisti-
cal models with greater power (Table 1).

Intraclass analysis of spinopelvic alignments

PT, SS, LL and TK differed significantly between stand-
ing and sitting within each group except for TK in degen-
erative group (32.6+£13.6 vs. 32.74+13.2, p=0.791)
(Table 2).

Interclass analysis of sagittal alignments
Non-degenerative spine patients had greater pelvic
mobility as shown by larger APT with statistical sig-
nificance (-24.2+12.5° vs. -17.5+10.4, p=0.0005).
So were lumbar mobilities of which less radiographi-
cally degenerative spine had greater lumbar mobil-
ity (ALL, -34.7+15.2 vs. -21.54+12.2, p=<0.0001).
Compared with degenerative spine patients, non-
degenerative spine patients showed greater change
in RA (-15.2+£10.8 vs. -11.94+8, p=0.0278) and RI
(-10.5+£11.3 vs. -5.5£7.3, p=0.0009) from sitting to
standing (Table 3).

Correlation among sagittal alignments

Lumbar mobility between the two postures was cor-
related with pelvic mobility positively (R?=0.874,
p<0.001). Of note, standing SVA was correlated with
both knee flexion (R’°=-0.369, p<0.001) and ankle dor-
siflexion angle (R?=0.232, p=0.006). Standing PT and
ankle dorsiflexion angle correlated positively (R?=0.236,
p=0.005) (Tables 4 and 5).

Table 1 Demographics

Non-degenerative Degenerative spine

spine
Age(years)? 398+14.2 66.1+£9.1
Sex 62/19 38/19
(female/male)

@ Data are expressed as mean = standard deviation
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Table 2 Intraclass comparison of sagittal alignments from sitting to standing
Sagittal Alignments Non-degenerative Spine Degenerative Spine

Sitting Standing p value Sitting Standing p value
PT 3094109 6.5+74 <0.001" 292412 11.6+9.1 <0.001"
SS 17£128 40.348.7 <0.001" 21.2+£109 374+£99 <0.001"
Pl 4794115 4694109 0.004" 5044117 49141138 0029
LL 18.3£16.8 53.1£125 <0.001" 27.1+£165 48.8414.2 <0.001"
TK 2354116 284109 <0.001" 3294142 3284139 0905
SVA 589426 214274 <0.001" 56.84+26.6 204+£339 <0.001"
PFA 8194133 43454 <0.001" 85.5+4.6 72456 <0.001"
KF - 0.8+6.2 - -2.8+86
AF - 51433 - 6.8+4.4

Significance level, &, was set at 0.05. Data were expressed as mean =+ standard deviation

PT Spinopelvic tilt or pelvic tilt, SS Sacral slope, Pl Pelvic incidence, LL Lumbar lordosis, TK Thoracic kyphosis, SVA Sagittal vertical axis, PFA Proximal femoral angle,

KF Knee flexion angle, AF Ankle dorsiflexion angle
*p values from paired t test

**p values from Wilcoxon signed rank test

Table 3 Interclass comparison of sagittal alignments and cup
orientations

Non-degenerative Degenerative p value

Lumbar Spine Lumbar Spine
APT 2444125 1764107 0.0008"
ASS 2334129 163+£117 0.0012"
ALL 3484152 2174122 <0.0001"
ATK 45467 0.1+47 <0.0001"
ASVA 5684316 3644286 0.0001"
APFA 7764131 783469 04877
ARA 1554111 -12+84 0.0920"
ARI -108+115 56+75 0.0055"
AF 08462 28486 00141
KF 51433 68444 0.0268"

Significance level,cr, was set at 0.05. Data were expressed as mean + standard
deviation

‘N refers to changes from sitting to standing. PT Spinopelvic tilt or pelvic tilt,
SS Sacral slope, PI Pelvic incidence, LL Lumbar lordosis, TK Thoracic kyphosis,
SVA Sagittal vertical axis, PFA Proximal femoral angle, RA Radiographic
anteversion, R/ Radiographic inclination, KF Knee flexion angle, AF Ankle
dorsiflexion angle

*p values from Student’s t test
**p values from Mann-Whitney U test

Discussion

Visions have been raised up among hip surgeons for the
influence of spinopelvic alignments on acetabular com-
ponent in THA in the past 5 years or so [4, 13—15]. The
hypotheses were validated by numerous studies that
limited spinopelvic motion would lead to component
impingement and instability. However, until now, there
is still a lack of studies on whether and to what extent
spinopelvic motions affect Chinese patients undergoing

THA in both the young and older populations. To our
knowledge, this study is among the very first to bridge
the gap of ethnicity and age, and to explore the clinical
relevance of lower limb alignments in the field of THA
and spinopelvic motion.

Normally, a pelvis tilts backward along the bicox-
ofemoral axis from standing to sitting, which allows
clearance for the proximal femur and protect against
posterior instability. Conversely, pelvis’s tilting forward
from sitting to standing leaves space for the posterior
proximal femur and prevent anterior instability. This
is what the authors called normal spinopelvic motion
[6]. Normal spinopelvic motion depends on a flexible
and balanced spine. A rigid lumbar spine lacks enough
mobility to accommodate for posterior pelvic tilt dur-
ing sitting [16]. An unbalanced spine would call upon
compensatory mechanisms to restore spine sagittal bal-
ance including posterior pelvic tilt. Such compensation
is a double-edged sword because posterior pelvic tilt
bridges the gap between the posterior proximal femur
and acetabular component. This facilitates anterior
instability of the components.

Our data support the established theories of spin-
opelvic motion on elder Caucasians [17]. Both non-
degenerative spine and degenerative spine patients
showed significant change of LL, SS, PT from sit-
ting to standing. We did not detect a difference of TK
in degenerative spine, which is in line with the rigid
nature of degenerative spines. PFA between postures
differ significantly while APFA do not between the two
groups. This means overall changes between two body
positions were similar, whether the patient has a non-
degenerative or degenerative spine. Such comparable
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Table 4 Correlation coefficient
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ATK ALL ASS APT KF AF PI Standing PT Standing SVA
ATK - -0.200 -0.067 0.087 0428 0323 -0.024 -0.054 -0.337
ALL - - 0916 0.874 -0.116 0.193 0.034 0485 0.284
ASS - - - -0.954 -0.084 -0.0423 0.024 0426 -0.063
APT - - - - 0.009 0.084 0.026 0445 0.066
KF - - - - -0.887 -0.093 -0.108 -0.369
AF - - - - - 0.074 0.236 0.232
Pl - - - - - - 0.589 0.307
Standing PT - - - - - - - 0.379
Standing SVA - - - - - - - -
Table 5 Pvalue
ATK ALL ASS APT KF AF PI Standing PT Standing SVA
ATK - 0019 0435 0.308" <0001™ <0001" 0.782" 0.532" <0001™
ALL - - <0001 <0001 0.174" 0.024" 0692 <0.001" 0001
ASS - - - <0.001" 0.328" 0622 0776 <0001" 0463"
APT - - - - 0913" 0329 0.759" <0.001" 0439"
KF - - - - - <0001™ 0.280" 0.208" <0001™
AF - - - - - - 0.388" 0.005" 0.006"
PI - - - - - - - <0.001" <0.001”
Standing PT - - - - - - - <0.001"

Standing SVA - - - - -

‘N refers to changes from sitting to standing. PT Spinopelvic tilt or pelvic tilt, SS Sacral slope, P/ Pelvic incidence, LL Lumbar lordosis, TK Thoracic kyphosis, SVA Sagittal

vertical axis, KF Knee flexion angle, AF Ankle dorsiflexion angle
*p values from Pearson correlation

**p values from Spearman correlation

body position changes between groups laid a solid
foundation for further analysis.

Patients with a non-degenerative spine has greater
lumbar mobility and pelvic mobility, as shown by larger
ALL and APT. Also, non-degenerative spine patients have
greater ARA and ARL Since acetabular components was
a part of the pelvis, changes in pelvic tilt would be accom-
panied by operative anteversion of the same degrees [17]
due to the equivalence of ante-inclination and operative
anteversion. Based on Murray’s piece of cup orientation
definitions, we can easily deduce that changes in one def-
inition of cup alignments means change in the other defi-
nitions, but usually not of the same degrees [11]. Hence,
in the next step, we looked for the correlations among
PT, APT and other alignments since PT connects spin-
opelvic motion and cup alignments.

Positive correlation between APT and ALL further ver-
ified that the greater lumbar mobility, the greater pelvic
mobility. Furthermore, lower limb alignments offered us
a new perspective on how to identify a patient at risk of
cup instability. A larger SVA means a spine moves toward

unbalanced state during which posterior pelvic tilt, knee
flexion and ankle dorsiflexion may be called upon. The
positive correlation between standing PT and ankle dor-
siflexion (R*=0.236, p=0.005) suggest that the latter
be an indicator of posterior pelvic tilt during standing.
Under such circumstances, surgeons should be wary of
the risk of too much cup anteversion leading to posterior
impingement and anterior instability after THA. These
patients correspond to the ‘unbalanced types’ in Phan’s
categorization of spinopelvic motion in postoperative
THA patients [16].

This study has its strength. First, inclusion of both
young and elder patients enables us to extrapolate the
present theory established from much older popula-
tions to a wider range of age. In this cohort, DDH with
frank dislocation or in arthritic stage, and avascular
necrosis of femoral head (AVN) in the late stage are the
two major indications for THA in young adults. In 2017,
a cross-sectional study of 29,180 participants estimated
the overall prevalence of DDH to be 1.52% in China
[18]. After stratification with age, young participants
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showed an even higher-than-overall prevalence. This
highlights the external validity required for studies to
have enough power to work well on a wider range of
age, especially the young. Second, limb alignments can
be an easy and useful sign to find out potential at-risk
patients at clinic. For young adults whose knee and
ankle joints usually have full passive range of motion,
clinicians should suspect slight knee flexion or ankle
dorsiflexion as compensatory mechanisms for spinal
sagittal balance. Although compensations taken may
vary among various individuals, the general rule is that
posterior pelvic tilt is most common strategy [19]. Any
involvement to less frequent knee and ankle joints indi-
cates increased SVA, a spinal sagittal balance measure,
which may in turn indicate greater posterior pelvic tilt
theoretically. Our data confirmed the hypothesis on the
ankle aspect with a positive correlation between stand-
ing PT and ankle dorsiflexion.

There are limitations on this study. The population is
small at a single institute compared with previous stud-
ies conducted in countries with registration systems [2].
What'’s more, this is a retrospective study on post-oper-
ative patients. Hip mobility may change after surgery,
which would in turn affect the sagittal spinal balance.
Further studies including pre-operative data are war-
ranted in an attempt to predict the post-operative cup
alignments even before surgery. Furthermore, we meas-
urement PI on both positions and noticed that standing
and sitting PI were significantly different. This may be
attributed to the slight difference in pelvic orientation
when patients change their body postures during image
acquisition. However, approximately 1° of overall differ-
ence does not compromise the validity despite statistical
significance.

Conclusion

To our knowledge, this is the first study on the influ-
ence of spinopelvic motion on both young and old Chi-
nese patients undergoing THA. The spinopelvic motion
theory works on Chinese patients as well. Of note, we
proposed the lower limb alignments be indicators for
abnormal spinopelvic motion which may bring about
suboptimal outcomes after THA. Further investigations
regarding both pre- and post-operative alignments are
warranted.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512891-022-06032-y.

Additional file 1. Correcting horizontal distortions of cups on lateral EOS
films.

Page 7 of 8

Acknowledgements
Not applicable.

Authors’ contributions

Kangming Chen took part in the sessions of Conceptualization, Methodology,
Data Curation, Software, Investigation, Writing-Original Draft. Jinyan Wu took
part in the sessions of Methodology, Writing - Review & Editing. Gangyong
Huang took part in the sessions of Methodology, Writing - Review & Edit-

ing. Changquan Liu took part in the sessions of Software, Methodology. Chao
Shen took part in the sessions of Methodology, Data Collection. Junfeng Zhu
took part in the sessions of Methodology, Data Collection. Yang Li took part in
the sessions of Methodology, Data Collection. Tao Li took part in the sessions
of Methodology, Writing - Review & Editing. Fei Xiao took part in the sessions
of Methodology, Data Collection. Jianpian Peng took part in the sessions

of Methodology, Data Collection. Xiuguo Han took part in the sessions of
Conceptualization, Data Collection. Xinhai Zhang took part in the sessions of
Methodology, Data Collection. Jun Xia took part in the sessions of Conceptu-
alization, Writing - Review & Editing. Xiaodong Chen took part in the sessions
of Conceptualization, Methodology, Resources, Writing - Review & Editing. All
authors reviewed the manuscript. The author(s) read and approved the final
manuscript.

Funding
82172473(National Natural Science Foundation of China).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All methods in this study were carried out in accordance with relevant
guidelines and regulations under the Declarations of Helsinki and of Xinhua
Hospital affiliated to Shanghai Jiaotong University School of Medicine.

All protocols were approved by the ethics committee of Xinhua Hospital affili-
ated to Shanghai Jiaotong University School of Medicine on October 26, 2021.
The approval number is XHEC-D-2021-144.

Informed consent to participate was obtained from all participants and/or
their legal guardians.

Consent for publication
Informed consent for publication was obtained for all participants and/or their
legal guardians in this study.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Orthopaedics, Huashan Hospital, Fudan University, No.12
Middle Wulumugi Road, Jing'an District, 200040 Shanghai, People’s Republic
of China. 2Department of Orthopaedics, Xinhua Hospital affiliated to Shanghai
Jiao Tong University School of medicine, No.1665 Kongjiang Road, Yangpu
District, 200092 Shanghai, People’s Republic of China. *Present address: Gradu-
ate School of Peking Union Medical College and Chinese Academy of Medical
Sciences, No. 9 Dongdan Santiao, Dongcheng District, 100730 Beijing, China.
“Present address: Department of Orthopaedic Surgery, China-Japan Friendship
Hospital, No. 2 Yinghuayuan East Street, Chaoyang District, 100029 Beijing,
China.

Received: 12 May 2022 Accepted: 25 November 2022
Published online: 22 December 2022

References

1. Lewinnek G, Lewis J, Tarr R, Compere C, Zimmerman J. Dislocations
after total hip-replacement arthroplasties. J Bone Joint Surg Am.
1978;60(2):217-20.


https://doi.org/10.1186/s12891-022-06032-y
https://doi.org/10.1186/s12891-022-06032-y

Chen et al. BMC Musculoskeletal Disorders (2022) 23:1116

2. 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 Relat Res.
2016;474(2):386-91.

3. Seagrave KG, Troelsen A, Malchau H, Husted H, Gromov K. Acetabular
cup position and risk of dislocation in primary total hip arthroplasty. Acta
Orthop. 2017;88(1):10-7.

4. Lazennec JY, Brusson A, Rousseau MA. Lumbar-pelvic-femoral balance
on sitting and standing lateral radiographs. Orthop Traumatol Surg Res.
2013;99(1 Suppl):87-103.

5. Deschenes S, Charron G, Beaudoin G, Labelle H, Dubois J, Miron MC,
Parent S. Diagnostic imaging of spinal deformities: reducing patients
radiation dose with a new slot-scanning X-ray imager. Spine (Phila Pa
1976).2010;35(9):989-94.

6. ke H, Dorr LD, Trasolini N, Stefl M, McKnight B, Heckmann N. Spine-pelvis-
hip relationship in the functioning of a total hip replacement. J Bone
Joint Surg Am. 2018;100(18):1606-15.

7. Heckmann N, McKnight B, Stefl M, Trasolini NA, Ike H, Dorr LD. Late
dislocation following total hip arthroplasty: spinopelvic imbalance as a
causative factor. J Bone Joint Surg Am. 2018;100(21):1845-53.

8. TezukaT, Heckmann ND, Bodner RJ, Dorr LD. Functional Safe Zone is
Superior to the Lewinnek Safe Zone for total hip arthroplasty: why the
Lewinnek Safe Zone is not always predictive of Stability. J Arthroplasty.
2019;34(1):3-8.

9. Eftekhary N, Shimmin A, Lazennec JY, Buckland A, Schwarzkopf R, Dorr
LD, Mayman D, Padgett D, Vigdorchik J. A systematic approach to the hip-
spine relationship and its applications to total hip arthroplasty. Bone Joint
J.2019;101-B(7):808-16.

10. Feng B, ZhuW, Bian YY, Chang X, Cheng KY, Weng XS. China artificial joint
annual data report. Chin Med J (Engl). 2020;134(6):752-3.

11. Murray DW. The definition and measurement of acetabular orientation. J
Bone Joint Surg Br. 1993;75(2):228-32.

12. Buckland AJ, Abotsi EJ, Vasquez-Montes D, Ayres EW, Varlotta CG, Vigdor-
chik JM. Lumbar spine degeneration and flatback deformity alter sitting-
standing spinopelvic mechanics-implications for total hip arthroplasty. J
Arthroplasty. 2020;35(4):1036-41.

13. Esposito Cl, Gladnick BP, Lee YY, Lyman S, Wright TM, Mayman DJ, Padgett
DE. Cup position alone does not predict risk of dislocation after hip
arthroplasty. J Arthroplasty. 2015;30(1):109-13.

14. Esposito Cl, Miller TT, Kim HJ, Barlow BT, Wright TM, Padgett DE, Jerabek
SA, Mayman DJ. Does Degenerative Lumbar Spine Disease Influence
Femoroacetabular Flexion in Patients Undergoing Total Hip Arthroplasty?
Clin Orthop Relat Res. 2016;474(8):1788-97.

15. Esposito CICK, Sculco PK, Padgett DE, Jerabek SA, Mayman DJ. Total hip
arthroplasty patients with fixed spinopelvic alignment are at higher risk
of hip dislocation. J Arthroplasty. 2018;33(5):1449-54.

16. Phan D, Bederman SS, Schwarzkopf R. The influence of sagittal spinal
deformity on anteversion of the acetabular component in total hip
arthroplasty. Bone Joint J. 2015,97-B(8):1017-23.

17. Luthringer TA, Vigdorchik JM. A preoperative workup of a“Hip-Spine”total
hip arthroplasty patient: a Simplified Approach to a Complex Problem. J
Arthroplasty. 2019;34(7S):57-70.

18. Tian FD, Zhao DW, Wang W, Guo L, Tian SM, Feng A, Yang F, Li DY.
Prevalence of Developmental Dysplasia of the hip in chinese adults: a
cross-sectional survey. Chin Med J (Engl). 2017;130(11):1261-8.

19. Roussouly P, Pinheiro-Franco JL, Labelle H. Sagittal balance of the spine:
from normal to Pathology: a Key for Treatment Strategy. Thieme; 2019.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Variations in lower limb alignments indicate pelvic tilt after total hip arthroplasty
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 
	Advances in knowledge: 

	Introduction
	Materials and methods
	Image acquisition
	Radiographic measurements
	Defining spinopelvic alignments
	Defining lumbar disc degeneration
	Statistical analysis

	Results
	Patient demographics
	Intraclass analysis of spinopelvic alignments
	Interclass analysis of sagittal alignments
	Correlation among sagittal alignments

	Discussion
	Conclusion
	Acknowledgements
	References


