
lable at ScienceDirect

Arthroplasty Today 17 (2022) 150e154
Contents lists avai
Arthroplasty Today

journal homepage: http: / /www.arthroplastytoday.org/
Original Research
Abnormal Spinopelvic Motion and Spine Deformity are Associated
With Native Femoral Retroversion in the Setting of Total Hip
Arthroplasty

David G. Deckey, MD a, *, Christian S. Rosenow, MD b, Cara Lai, MD a,
Zachary K. Christopher, MD a, Jens T. Verhey, MD a, Adam J. Schwartz, MD, MBA a,
Joshua S. Bingham, MD a

a Mayo Clinic Arizona, Department of Orthopaedic Surgery, Phoenix, AZ, USA
b Mayo Clinic, Department of Orthopaedic Surgery, Rochester, MN, USA
a r t i c l e i n f o

Article history:
Received 31 May 2022
Received in revised form
28 July 2022
Accepted 10 August 2022
Available online xxx

Keywords:
Total hip arthroplasty
Native femoral anteversion
Femoral retroversion
Spinal deformity
Spinopelvic relationship
* Corresponding author. Mayo Clinic Arizona, Dep
gery, 5777 E. Mayo Blvd., Phoenix, AZ 85054, USA. Te

E-mail address: deckey.david@mayo.edu

https://doi.org/10.1016/j.artd.2022.08.005
2352-3441/© 2022 The Authors. Published by Elsevie
NC-ND license (http://creativecommons.org/licenses/
a b s t r a c t

Background: The effect of spinopelvic pathology on femoral version is unclear. This study investigated
variability in native femoral anteversion in patients undergoing total hip arthroplasty (THA) and its
relationship to the patient’s underlying spinopelvic pattern.
Methods: A retrospective chart review was performed to include in the study all patients undergoing
robot-assisted THA over a 3-year period. Native femoral version was measured for each patient using a
preoperative computed tomography scan and categorized as excessive, normal, or retroverted. Addi-
tionally, a subset analysis was performed for all patients with sit-to-stand dynamic pelvic radiographs
available, and cases were classified by spinopelvic pattern.
Results: A total of 119 patients were included in the study with a mean age of 68.6 years; 61 (51%) were
female. The median femoral anteversion for the entire study group was 6.0� (�32� to 40�, interquartile
range 13.5�). Eleven patients (9.2%) had excessive femoral anteversion, 54 of the 119 (45.4%) had normal
femoral version, and 54 of the 119 (45.4%) had native retroversion. Forty-two patients (35.3%) had sit-to-
stand radiographs available and were subclassified by femoral version type and spinopelvic parameters.
Welch’s analysis of variance demonstrated a significant difference in femoral version among spinopelvic
patterns (F ¼ 7.826, P ¼ .003), with Games-Howell post hoc analysis showing increased retroversion in
deformity-stiff patients compared to deformity-normal mobility patients (P ¼ .003).
Conclusions: This study demonstrates that native femoral retroversion is present in a significant number of
patientsundergoingTHAand ismore common inpatientswithstiff spinedeformities. Basedonthisobservation,
currently available spinopelvic classification systems should bemodified to account for native femoral version.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Femoral anteversion, also known as femoral version, is defined
as the angle made by a line through the femoral neck and a line in
reference to the condylar axis of distal femur (Fig. 1) [1]. Miller et al.
report average native adult femoral anteversion to be 15� (normal
range 5�-20�) [2]. However, recent studies have shown a wide
natural anatomic variation, with differences seen between males
artment of Orthopaedic Sur-
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and females [1,3,4]. Femoral anteversion has also been shown to be
increased in dysplastic hips [5]. Our understanding and awareness
of these variations has improved given the increasing use of pre-
operative computed tomography (CT) scans for technology-assisted
total hip arthroplasty (THA) [4]. It is important that the orthopedic
surgeon is aware of these large variations, as native femoral version
is frequently used intraoperatively to assess femoral stem place-
ment during THA [6]. Improper positioning of implants has the
potential to diminish longevity and stability of the components [7].

It is now well-accepted that altered spinopelvic motion from
lumbosacral pathology or surgical fusion can lead to instability
following THA [8e10]. Heckmann and Lieberman reviewed the
previously described classification systems and simplified them
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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Figure 1. Illustration depicting the calculation of femoral version. Seventeen degrees of anteversion depicted on the left, and 90� of femoral anteversion depicted on the right.
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based on sagittal alignment and motion [11]. They describe 4
different spinopelvic patterns based on standing and sitting
lateral radiographs: (1) normal alignment and motion, (2)
normal sagittal alignment but stiff, (3) sagittal deformity but
normal motion, and (4) sagittal deformity and stiff. Spinopelvic
stiffness is associated with increased age and compensatory
femoral motion, which may result in impingement and disloca-
tion in the setting of prosthetic hips [10]. It is unclear, however,
how these spinopelvic patterns affect native femoral version.
The goal of this study was to identify and classify variations in
native femoral anteversion in relation to spinopelvic patterns in
patients prior to undergoing THA.
Methods

Data collection

The study underwent institutional review board review and
received exemption for minimal risk prior to beginning the study.
No fundingwas received for this study. A retrospective chart review
was performed to identify all consecutive patients who underwent
planning CT scans prior to undergoing robot-assisted THA at a large
academic institution over a 3-year period as a part of the Stryker
MAKO protocol (Stryker Corp, Kalamazoo, MI). Preoperatively, 119
patients' femoral anteversionwas calculated automatically for each
patient by the preoperative planning software as the angle formed
by the projection of the femoral neck axis and the posterior
condylar axis in the transverse plane. Patients were then sub-
classified into 3 groups based on their femoral anteversion, as
previously described by Paley [12]: (1) type I, >20� or increased
Table 1
Demographics.

Variable Median Mean Std. deviation IQR Minimum Maximum

Age 69.0 68.6 11.3 11.0 23.0 91.0
BMI 28.3 28.6 5.9 8.1 15.6 45.1
Femoral version 6.0 6.0 11.5 13.5 -32.0 40.0

BMI, body mass index; IQR, interquartile range; Std. deviation, standard deviation.
femoral anteversion; (2) type II, 5�-20�, normal femoral ante-
version; (3) type III, <5�, femoral retroversion.

Additionally, the lateral radiographs of all patients who had sit-
to-stand dynamic pelvic radiographs were also evaluated and
classified by spinopelvic pattern: [11] (1) no spine deformity and
normal mobility; (2) no spine deformity but stiff; (3) spine defor-
mity but flexible; (4) deformed and stiff. Spine deformity was
defined as pelvic incidence, lumbar lordosis >10�, as previously
described [8,11]. Pelvic stiffness was defined as sacral angle change
of <10� from sitting to standing in sagittal radiographs [8,11]. De-
mographic factors, including age, sex, race, ethnicity, height,
weight, body mass index, and preoperative diagnosis, were ob-
tained via chart review.

Data analysis

Study data were collected and managed using Research Elec-
tronic Data Capture (REDCap) electronic data-capture tools hosted
at our institution [13,14]. REDCap is a secure, Web-based software
platform designed to support data capture for research studies,
providing (1) an intuitive interface for validated data capture; (2)
audit trails for tracking data manipulation and export procedures;
(3) automated export procedures for seamless data downloads to
common statistical packages; and (4) procedures for data integra-
tion and interoperability with external sources.

All analyses and statistical calculations were performed with
Microsoft Excel (Microsoft Corp, Redmond, WA) and JASP [15]
(JASP, Amsterdam, the Netherlands). Continuous variables were
reported using descriptive statistics. Two group comparisons were
performed with the Student t-test, and associations were evalu-
ated with Pearson's correlation coefficient. Comparison of spino-
pelvic classification groups with femoral version, and spinopelvic
classification with age range, was performed with one-way anal-
ysis of variance (ANOVA). Normality checks for ANOVA were
tested by plotting residuals and performing Levene’s test of
equality of variance with P > .05 assuming equal variance. Welch’s
ANOVA was used for any analyses demonstrating unequal vari-
ance, with Games-Howell post hoc analysis used for subgroup



Figure 2. Femoral version distribution.

Table 3
Modified classification of spinopelvic parameters combined with femoral
anteversion.

Type Description N (n)a %b

Type I Increased femoral anteversion (>20�) 2 (11) 4.8
1A No spine deformity, normal mobility 1 2.4
1B No spine deformity, stiff 0 0
1C Spine deformity, normal mobility 1 2.4
1D Spine deformity, stiff 0 0

Type II Normal femoral anteversion (5�-20�) 17 (54) 40.5
2A No spine deformity, normal mobility 2 4.8
2B No spine deformity, stiff 2 4.8
2C Spine deformity, normal mobility 13 31.0
2D Spine deformity, stiff 0 0

Type III Natively retroverted femur (<5�) 23 (54) 54.8
3A No spine deformity, normal mobility 7 16.7
3B No spine deformity, stiff 5 11.9
3C Spine deformity, normal mobility 8 19.0
3D Spine deformity, stiff 3 7.1

a Total number of patients, including those without sit-to-stand radiographs.
b Percent of patients with sit-to-stand radiographs.
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analyses. A P value of 0.05 was used as the cutoff for significance in
all analyses.

Results

Overall, 119 patients were included in the study. The average age
was 68.6 years (standard deviation ±11.3); 61 (51%) were female
(Table 1). Themedian femoral anteversionwas 6.0� ± 11.5� (�32� to
40�, interquartile range 13.5�) (Fig. 2). The median femoral ante-
version stratified by ages <55, 55-64, and �65 years was 19� ±
17.5�, 5� ± 10.7�, and 5� ± 10.1�, respectively (Table 2). Using the
femoral version classification system, 11 out of 119 (9%) patients
had increased femoral version (>20�, type I), 54 (45%) had normal
femoral version (5�-20�, type II), and 54 (45%) had native femoral
retroversion (<5�, type III) (Table 3). No differences in retroversion
were found based on sex or age.

Forty-two patients had sit-to-stand lateral radiographs available
for subgroup analysis. These patients were then classified into
subgroups based on femoral version type and spinopelvic parame-
ters.Of the42 radiographsavailable,10hadnodeformityandnormal
mobility, 22 had deformity but normal mobility, 7 had no deformity
but were stiff, and 3 were deformed and stiff. All patients whowere
deformedand stiff hadnative retroversion,with ameanof�3.7� (�1
to�6, standarddeviation±2.5) (Table 4). Levene’s test for equality of
variance demonstrated P ¼ .035; therefore, a Welch’s ANOVA was
performed to compare groups. A significant difference in femoral
versionbetweenspinopelvic patternswas found (F¼7.826,P¼ .003)
(Table 5), with Games-Howell post hoc analysis showing increased
retroversion in deformity-stiff patients compared to deformity-
normal mobility patients (P ¼ .003) (Table 6).

Discussion

Although native femoral version is traditionally thought to be
between 5� and 20� [2,12], recent studies have shown this to be
highly variable in patients with degenerative joint disease of the
hip and can therefore influence THA stability [3,16]. Spinopelvic
pathology has also been implicated as a causative factor for dislo-
cation following THA [10,17]. Our study found that nearly half of all
patients undergoing THA had native femoral retroversion, and this
Table 2
Femoral version stratified by age.

Age ranges (years old)

<55 55-64 �65

No. 9 77 33
Median 19.0 5.0 5.0
Mean 17.4 4.5 6.3
Std. deviation 17.5 10.7 10.1
IQR 33.0 12.0 11.0
Minimum �7.0 �32.0 �21.0
Maximum 40.0 33.0 26.0

IQR, interquartile range; No., number; Std. deviation, standard deviation.
was significantly more common in those who had a spinal defor-
mity and stiffness. These findings are important because current
classification systems of the spinopelvic relationship do not ac-
count for femoral version, and THA surgeons should be aware of
this important association, particularly given previous literature
that cites combined version as an important influencer of hip
stability.

Femoral retroversion is associated with altered hip biome-
chanics. Satpathy et al. demonstrated that peak joint pressure was
transferred posteroinferiorly in patients with femoral retroversion,
thus increasing joint contact stress [18]. Posteriorly directed joint
forces may contribute to instability and subsequent component
wear. Indeed, Beck et al. found that the primary location of native
cartilage wear in patients with femoral retroversion was in the
posteroinferior acetabulum [19]. Biomechanical studies have also
found that patients with native femoral retroversion typically hold
the leg in increased external rotation relative to patients with
native anteversion. This may portend anterior dislocation of the
prosthetic joint, especially in those patients undergoing direct
anterior THA [20]. This alteration in femoral alignment may also
impact the ability of the surgeon to achieve appropriate femoral
stem alignment [21]. Some surgeons may use 15� of anteversion as
the target for femoral component position, rather than native
femoral version. In these instances, the drastic change from 15� of
retroversion to 15� of anteversion could lead to worse outcomes.
Furthermore, femoral retroversion carries the risk of impingement
of the femoral neck and acetabular rim and should be especially
considered in THA patients with histories of femoroacetabular
impingement, slipped capital femoral epiphysis, and malunited
fracture [22]. Compensatory increases in acetabular anteversion in
arthroplasty decrease impingement risk at the cost of increased
Table 4
Averages of femoral version when subclassified by spinopelvic parameters.

No deformity,
normal mobility

Stiff w/o
deformity

Deformity,
normal mobility

Deformed
and stiff

No. 10 7 22 3
Avg. femoral version �0.8 �0.6 7.5 �3.7
Std. error of mean 4.5 2.4 1.7 1.5
Std. deviation 14.1 6.3 7.9 2.5
Minimum �21.0 �8.0 �12.0 �6.0
Maximum 22.0 7.0 25.0 �1.0

Avg., average; No., number; Std. deviation, standard deviation; Std. error of mean,
standard error of mean; w/o, without.



Table 5
Welch’s ANOVA analyzing difference in femoral version between spinopelvic parameters.

Homogeneity correction Cases Sum of squares df Mean square F P h2

None Classification 814.684 3.000 271.561 3.072 .039 0.195
Residuals 3359.435 38.000 88.406

Welch Classification 814.684 3.000 271.561 7.826 .003 0.195
Residuals 3359.435 12.874 260.942

Type III sum of squares.
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joint contact forces [23]. Subsequently risk of instability, wear, and
dislocation is increased [7].

While femoral version and spinopelvic morphology have been
shown to affect hip stability separately, we are unaware of previous
studies that have established a relationship between them.
Innmann et al. demonstrated preoperative spinopelvic character-
istics can normalize after THA [24]. This study, however, excluded
patients who had undergone previous spinal fusion. Lumbar-
pelvic-femoral alignment mobility is known to impact THA stabil-
ity and femoroacetabular dynamics [25]. A study by Esposito et al.
demonstrated that decreased spinal mobility contributes to
significantly increased femoroacetabular range of motion required
for sit-to-stand motion [26]. Furthermore, studies now indicate
that combined anteversion be utilized when determining adequacy
of component positioning in THA [27e30]. This concept in-
corporates both acetabular version and femoral stem version in
order that the lumbar-pelvic-femoral relationship is considered
during implantation [31], with significantly increased rates of
dislocation in more retroverted hips [7,32]. Our study showed that
native femoral retroversion was relatively common and occurred
more frequently in patients with spinopelvic deformity and stiff-
ness. Future research is warranted to explore this relationship and
its impact on THA outcomes.

To date, all previous literature has focused on the adjustment of
acetabular component version in the setting of spinopelvic defor-
mity. Our study provides evidence that adjustments to femoral
version may be important in these cases. At a minimum, we should
account for native femoral version in the cup adjustments. One
could argue that these data suggest that we should be routinely
obtaining preoperative planning CT scans. Preoperative CT scans
have become commonplace in total shoulder arthroplasty. Given
that this study was observational, we cannot make any definitive
recommendations. Future studies should look to assess how
femoral version and spinopelvic mobility affect outcomes. In cases
where clinicians are not routinely obtaining preoperative CT scans,
we recommend using the combined anteversion technique
described by Ranawat [28] and validated by Dorr et al. [33].

This study is not without limitations. Of the 119 patients
included in the study, spinopelvic imaging was available in only 42
(35%), as the protocol for routinely obtaining these radiographs was
instituted in the latter half of the collection period. Although spi-
nopelvic hypermobility has also been shown to have poorer post-
THA outcomes, including dislocation and early wear due to
Table 6
Games-Howell post hoc comparisons.

Comparison Mean differen

No deformity normal mobilitydstiff w/o deformity �0.229
No deformity normal mobilityddeformity normal mobility �8.345
No deformity normal mobilityddeformed and Stiff 2.867
Stiff w/o deformityddeformity normal mobility �8.117
Stiff w/o deformityddeformed and stiff 3.095
Deformity normal mobilityddeformed and stiff 11.212

SE, standard error of mean.
hypermobility, we did not delineate between normal pelvic motion
and hypermobility [34,35]. Further subclassification of nonstiff
pelvic motion may have provided further detail on the relation of
spinopelvic morphology with femoral anteversion. Finally, patients
included in this study were within 1 year of surgery. While dislo-
cation risk is highest in the 4- to 6-week postoperative range due to
operative soft-tissue disruption, late dislocation is also associated
with spinopelvic pathology [10,36].
Conclusions

Native femoral version is unique to each individual and must be
considered when performing THA, as native femoral malalignment
is associated with altered hip biomechanics and potential adverse
outcomes following arthroplasty. This study demonstrates that
femoral retroversion is significantly more common in patients with
stiff spine deformities. Based on this observation, currently avail-
able spinopelvic classification systems should be modified to ac-
count for native femoral version. As both spinopelvic pathology and
femoral retroversion are associated with THA component mala-
lignment and postoperative outcomes, we propose an updated
classification system to account for femoral version and its relation
to spinopelvic morphology. Prospective, long-term follow-up
studies would provide a better understanding of this relationship
and its impact on THA outcomes.
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