Arthroplasty Today 6 (2020) 414—421

Contents lists available at ScienceDirect ARTHROPLASTY
TODAY

Arthroplasty Today

journal homepage: http://www.arthroplastytoday.org/

Original Research

Surgical Approach and Reaming Depth Influence the Direction and
Magnitude of Acetabular Center of Rotation Changes During Total Hip
Arthroplasty

Jessica R. Benson, MSc °, Meinusha Govindarajan, BSc b

. . . * .
Muir Jeffrey M., MSc, DC, MSc (Clin Epi) * ', lain R. Lamb, PhD ¢, Peter K. Sculco, MD ¢
2 Department of Clinical Research, Intellijoint Surgical, Inc., Kitchener, Ontario, Canada

b Faculty of Applied Health Sciences, School of Public Health and Health Systems, University of Waterloo, Waterloo, Ontario, Canada
¢ Department of Orthopaedic Surgery, Hospital for Special Surgery, New York, NY, USA

ARTICLE INFO ABSTRACT

Article history:

Received 20 December 2019
Received in revised form

23 March 2020

Accepted 2 April 2020
Available online xxx

Keywords:

Hip center of rotation

New hip center

Total hip arthroplasty

Direct anterior THA
Computer-assisted navigation

Background: Changes in acetabular or hip center of rotation (HCOR) commonly occur during acetabular
component preparation during total hip arthroplasty (THA). HCOR displacement in mediolateral or
superoinferior directions is known to influence offset and leg length, but the incidence and range of
HCOR change in the anteroposterior direction is less understood as the sagittal plane cannot be measured
on standard anteroposterior radiographs. This study assessed the 3-dimensional displacement of HCOR
after cup implantation and evaluated for potential factors associated with increased acetabular
component translations.
Methods: A total of 894 THAs were performed using a posterior, lateral, or direct anterior approach. Only
intraoperative data from the navigation device were included in the analysis. All THAs performed be-
tween September 2015 and October 2017 were included. Paired t-tests were used to compare native
HCOR and new HCOR values.
Results: The mean HCOR displacement in 3 directions was 4.97mm medially (P < .001), 0.83mm supe-
riorly (P < .001), and 0.64mm posteriorly (P < .001). Subgroup analysis revealed greater posterior HCOR
displacement with the anterior approach than the lateral/posterior approach (2.32mm vs 0.44mm; P <
.001). Increasing medial HCOR displacement also resulted in increased superior and posterior HCOR
displacement across surgical cases (P < .001).
Conclusions: HCOR displacement is commonly observed in medial, superior, and posterior directions.
HCOR changes are influenced by surgical approach, potentially secondary to patient positioning, with
greater posterior HCOR displacement observed in anterior cases. Surgeons should be aware of these
factors, particularly in cases with deficient or reduced posterior column bone stock.
© 2020 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

surface wear, component loosening, and dislocation [2-4]. How-
ever, HCOR displacements in the anteroposterior (A-P) direction are

Reaming and placement of the acetabular component during
total hip arthroplasty (THA) often results in a displacement of the
native hip center of rotation (HCOR) [1]. Significant mediolateral
(M-L) or superoinferior (S-I) HCOR displacement may lead to
several deleterious postoperative outcomes, including leg length
discrepancy (LLD), abnormal gait patterns, accelerated bearing
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poorly characterized, as this direction of displacement cannot be
measured on standard A-P radiographs.

Prior publication on changes in HCOR has emphasized that
medialization of the acetabular component, with restoration of
cumulative offset, optimizes hip biomechanics as the abductor
moment arm increases, while joint reaction force decreases with a
concomitant reduction in the risk of premature wear [3,5-12].
However, excessive medial HCOR displacement that is not restored
on the femoral side leads to a reduction of global offset, which may
negatively affect hip biomechanics, reduce range of motion until
osseous impingement, and increase the risk of dislocation [2-4,8].
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Conversely, significant lateral HCOR displacement decreases the
lever arm strength of the abductor muscle and may contribute to
implant loosening because of inadequate bony support [3,9].
Several studies have investigated the optimal HCOR in the M-L
direction, but currently, there is no consensus, and it may be
important to consider the patient anatomy when establishing ideal
HCOR in the M-L direction [1,4,8,13].

Significant HCOR change in the S-I direction influences overall
leg length and can lead to unexpected LLD [7], a common reason for
dissatisfaction after THA and the leading cause of litigation against
orthopaedic surgeons [14]. Discrepancies as small as 5 mm can be
perceived by most patients [15,16] and can compromise gait and
joint stability [7,17]. Significant superior HCOR displacement can
also reduce abductor strength and increase the risk of implant
loosening and premature wear, particularly in the setting of a
cemented acetabular component with conventional polyethylene
[3,5,7,9,18].

Interestingly, little is known regarding changes in HCOR
displacement in the sagittal plane, and the impact of A-P displace-
ment on clinical outcomes and complications has not been reported.
Quantifying changes in the sagittal plane before and after acetabular
component insertion is challenging, as this displacement cannot be
measured on standardized postoperative A-P radiographs [4]. Spe-
cifically, the 2-dimensional nature of the A-P radiograph prevents
visualization of HCOR A-P displacement. However, biomechanical
simulations have demonstrated an altered moment arm and
decreased power-generating capacity of the extensors and flexors
resulting from HCOR A-P displacement [5,19]. In addition, anterior
HCOR displacement may contribute to minimized hip loads [5,19].
Despite the potential biomechanical and clinical consequences of
HCOR A-P displacement, quantitative assessment of HCOR A-P
alteration after surgical intervention has not been previously
reported.

The primary aim of the present study was to calculate the average
3-dimensional (3D) change in HCOR (in M-L, S-1, and A-P directions)
before and after acetabular component implantation in navigated
THA cases. The second aim of the study was to assess whether
changes in HCOR were dependent on the surgical approach.

Material and methods

A multicenter retrospective review of 894 computer-assisted
THAs was performed. All THAs were performed using the same
3D computer-assisted navigation system (Intellijoint Surgical, Inc.,
Kitchener, ON, Canada), and intraoperative HCOR measurements
were recorded for all cases. All THAs performed via the posterior,
lateral, or direct anterior surgical approaches between September
2015 and October 2017 were included. For this study, only dei-
dentified intraoperative data from the device were collected and
analyzed. No demographic or patient data were included in the
current analysis; therefore, this study was exempt from review by
institutional review boards at the hospital sites and did not require
explicit patient consent. Surgical cases were excluded from analysis
if preoperative or postoperative HCOR values were not recorded by
the navigation device during surgery. All data received were dei-
dentified and stored locally in accordance with HIPAA guidelines.

Computer-assisted navigation

The Intellijoint HIP navigation system (Intellijoint HIP; Intelli-
joint Surgical, Inc., Kitchener, ON, Canada) consists of a camera,
probe, and tracker located within the sterile field and a workstation
monitor located outside of the sterile field (Fig. 1). Detailed expla-
nations of the navigation device for lateral, posterior, and direct
anterior approaches have been previously described [20,21]. The

Figure 1. The camera (a), enclosed in a sterile drape, attaches to the pelvic platform (b)
via 2 pelvic screws (c). The tracker (d) is magnetically attached to the femoral platform
(e). The camera captures movements of the tracker and relays the information to a
workstation for review by the surgeon.

navigation tool measures kinematic HCOR, where the native HCOR
is recorded by placing the tracker on the femoral platform, located
on the operative greater trochanter, and articulating the leg to
capture a wide range of angular motion with the camera. The

a

Figure 2. For kinematic hip center measurements, the tracker of the navigation tool is
attached to the operative leg and articulated to capture a wide range of angular motion
with the camera (a). The system plots the position of the tracker on the surface of a
sphere that rotates about an axis, where the center of the sphere represents the hip
center (b). Any displacement in M-L, S-I, and A-P directions is recorded by the navi-
gation device. A-P, anteroposterior; M-L, mediolateral; S-I, superoinferior.
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Figure 3. Directions of HCOR displacement. HCOR, hip center of rotation.

system plots the position of the tracker on the surface of a sphere
that rotates about an axis, where the center of the sphere repre-
sents hip center (Fig. 2). For new HCOR, the same process is
repeated with the tracker atop the impactor attached to a liner
impactor ball. Internal evaluation and validation have shown this
navigation device is able to accurately measure displacements in
HCOR placement within 0.4 mm + 0.4 mm.

Outcome variables

Native HCOR and new HCOR measurements after cup and liner
implantation were recorded in M-L, S-I, and A-P directions. To
observe trends in HCOR movement, the difference between native
HCOR and new HCOR was calculated for each case and defined as
the HCOR displacement (Fig. 3). The mean HCOR displacement was
calculated for M-L, S-1, and A-P directions. A proportion analysis
was conducted to identify surgical cases with reported HCOR dis-
placements >3 mm and >5 mm in each direction. The absolute
values of HCOR displacements were recorded to identify surgical
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cases with combined HCOR displacements >3 mm and >5 mm,
where combined HCOR displacement was defined as >3 mm or >5
mm HCOR displacement in M-L, S-I, and A-P directions collectively.
A subgroup analysis of the cohort was conducted to evaluate HCOR
displacement stratified by the surgical approach. Specifically, de-
vice data obtained from surgeries performed via the direct anterior
approach were compared with data from surgeries performed via
the posterior and lateral surgical approaches [20,21]. The latter
were grouped together in the final analysis, as the vast majority of
cases were performed via the posterior approach, so much so that a
subgroup analysis comparing posterior and lateral approach results
would not be statistically meaningful. All surgeons performing
direct anterior THA in the present study were trained and had
completed their respective learning curves associated with direct
anterior THA before data collection for this study [22]. A second
subgroup analysis of the cohort was conducted to examine HCOR A-
P and S-I displacements stratified by medial HCOR displacement.
Surgical cases demonstrating a medial HCOR displacement were
grouped with the following displacement increments: 0-2 mm, 2-
4mm, 4-6 mm, 6-8 mm, 8-10 mm, and >10 mm. HCOR A-P and S-I
displacements were then observed across subgroups.

Statistical analysis

This retrospective study was observational in design, and sta-
tistical comparisons were made with alpha set a priori at 0.05.
Paired t tests were used to compare native HCOR and new HCOR
values across surgical cases and to evaluate HCOR displacement
stratified by surgical approach. Pearson’s r, one-way ANOVA, and
Student t-tests were used to compare HCOR A-P and S-I displace-
ments relative to medial HCOR displacement. All results are pre-
sented as mean (standard deviation).

Results
HCOR displacement

In total, 894 cases were included in the analysis. In the M-L di-
rection, HCOR was displaced medially by a mean of 4.97 mm + 4.53
mm (P < .001). The distribution of M-L displacement is depicted in
Figure 4. In the S-1 direction, HCOR was displaced by a mean of 0.83
mm + 2.76 mm superiorly (P < .001), whereas in the A-P direction, a
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Figure 4. The distribution of HCOR displacement in the M-L direction, across 894 cases of THA performed between September 2015 and October 2017. HCOR, hip center of rotation;

M-L, mediolateral; THA, total hip arthroplasty.
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Figure 5. Distribution of HCOR displacement in the S-I direction pooled from 894 cases of THA performed between September 2015 and October 2017. HCOR, hip center of rotation;

S-1, superoinferior; THA, total hip arthroplasty.

mean of 0.64 mm + 2.76 mm of posterior movement (P < .001) was
observed (Figs. 5 and 6, respectively).

Proportion analysis

Medial displacement of HCOR was >3 mm in 605 of 894 (67.7%)
cases and >5 mm in 438 of 894 (49.0%) hips. HCOR was lateralized
>3 mm and >5 mm in only 34 of 894 (3.8%) and 14 of 894 (1.6%)
hips, respectively. Overall, 81 of 894 (9.1%) surgical cases demon-
strated a combined HCOR displacement of >3 mm, and 10 of 894
(1.1%) surgical cases demonstrated a combined HCOR displacement
of >5 mm. Proportional analysis data are summarized in Table 1.

Subgroup analysis for surgical approach

In total, 797 cases were performed using the posterior or lateral
surgical approach, whereas 97 cases were performed via the direct
anterior approach. In the anterior cohort, significant mean HCOR
displacements of 444 mm + 5.22 mm and 2.32 mm =+ 3.67 mm
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were observed in the medial and posterior directions, respectively
(P < .001). Superior displacement of 0.57 mm + 4.14 mm was
observed in the S-I direction (P = .18). In the lateral/posterior THA
cohort, HCOR displacements of 5.03 + 4.44 mm medially and 0.44
mm + 2.56 mm posteriorly (P <.001) were observed, with 0.86 mm
+ 2.54 mm of superior displacement noted in the S-I direction (P <
.001). A statistical significance was observed between surgical ap-
proaches for HCOR A-P displacement, where anterior cases
exhibited significantly greater posterior HCOR displacement than
lateral/ posterior cases (2.32 mm vs 0.44 mm, P < .001). No statis-
tical differences were observed between surgical approaches for
HCOR S-I displacement (P = .49) or M-L displacement (P = .29).
HCOR displacement data stratified by anterior THA and lateral/
posterior THA are summarized in Tables 2 and 3, respectively.

Subgroup analysis for medial HCOR displacement

Overall, an increase in posterior HCOR displacement, ranging
from 0.09 mm to 1.88 mm, was observed with incremental
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Figure 6. The distribution of HCOR displacement in the A-P direction, across 894 cases of THA performed between September 2015 and October 2017. A-P, anteroposterior; HCOR,

hip center of rotation; THA, total hip arthroplasty.
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Table 1
Proportional analysis summary of HCOR displacement according to the anatomic
direction.

Table 3
HCOR displacement summary for THA cases performed with the lateral approach.

Measurement Superior-inferior Medial-lateral Anterior-posterior
HCOR HCOR direction direction direction direction
Displacement Superior Inferior Medial Lateral  Anterior Posterior Mean (mm) 0.86 5.03 0.44
> > > . N SD (mm) 2.54 4.44 2.56
Count (%) Count (%) Count (%) Count (%) Count (%) Count (%) Direction Superior Medial Posterior
>3 mm 175(19.6) 71 (7.9) 605 (67.7) 34(3.8) 68(7.6) 156 (17.4) Range (mm)* —-82t06.7 -741t0185 -8.0to 7.0
>5 mm 52 (5.8) 21(24) 438(49.0) 14(1.6) 24(2.7) 53(5.9) P-value <.001 <.001 <.001

HCOR, hip center of rotation.

increases in medial HCOR displacement (Table 4; r = 0.20). A
similar increase in superior displacement was observed, ranging
from 0.32 mm of inferior displacement in the lowest medial
displacement subgroup to 2.65 mm of superior displacement in the
largest medial displacement subgroup (Table 5, r = 0.34). The
relationship between increasing medial HCOR displacement and A-
P and S-I HCOR displacement is depicted in Figures 7 and 8,
respectively. One-way ANOVA demonstrated a significant differ-
ence in HCOR A-P and S-I displacements between subgroups (P <
.001). Detailed comparisons of HCOR A-P and S-I subgroups are
summarized in Tables 6 and 7, respectively.

Discussion

HCOR is an important contributor to the restoration of hip
biomechanics and to establishing stability and survivability of the
prosthetic hip joint after THA. Clinical studies investigating
postoperative changes in HCOR vary in terms of proposed optimal
displacement, and little is known regarding HCOR A-P displace-
ment in particular. This study observed mean changes in HCOR of
4.97 mm of medial displacement, 0.83 mm of superior displace-
ment, and 0.64 mm of posterior displacement after THA. Surgical
approach influenced HCOR displacement, with the direct anterior
approach associated with increased posterior HCOR compared
with the lateral/posterior approach. In addition, there was a weak
linear relationship between the amount of medial HCOR
displacement and posterior and superior HCOR displacement. This
not only suggests changes in HCOR are influenced by surgical
approach but intraoperative processes such as amount of medial
reaming could also lead to associated patterns in collective HCOR
displacement in the medial, superior, and posterior directions.

Medial HCOR displacement is commonly observed, as
adequate peripheral bony support is required to properly seat
the acetabular component and reduce the likelihood of loos-
ening [3,9]. Although medial HCOR displacement is generally
associated with increased hip function, improved implant sur-
vivorship, and decreased risk of premature wear, excessive

Table 2
HCOR displacement summary for THA cases performed with the anterior approach.

Measurement Superior-inferior Medial-lateral Anterior-posterior
direction direction direction

Mean (mm) 0.57 4.44 2.32

SD (mm) 414 522 3.67

Direction Superior Medial Posterior

Range® (mm) -12.0to 8.4 -8.81t017.7 -11.8 to 4.0

P-value 18 <.001 <.001

HCOR, hip center of rotation; THA, total hip arthroplasty; SD, standard deviation.
Bold values indictate statistical significance (P < .05).

2 Negative values indicate displacement in the inferior, lateral, or posterior
direction.

HCOR, hip center of rotation; THA, total hip arthroplasty; SD, standard deviation.
Bold values indictate statistical significance (P < .05).

2 Negative values indicate displacement in the inferior, lateral, or posterior
direction.

medialization results in medial bone loss and the risk of a
reduction in global offset if not adequately restored on the
femoral side [2-4,6,8]. Reduction of global acetabular offset has
been associated with an increased risk of postoperative dislo-
cation [23]. Previous studies have suggested that the optimal
HCOR M-L displacement range is between +5 mm and +7.5 mm,
to maintain global offset values, decrease the risk of dislocation,
and reduce wear of the implant [1,4,13]. Interestingly, the
amount of medial displacement may be more extreme in cases
of severe anatomic deformity, that is, hip dysplasia, where up-
ward of 30 mm of medial HCOR displacement has been reported
to achieve adequate bony coverage [24,25]. The results of our
study mirror those of other studies and recommendations
[2,3,6], with a mean of 497 mm + 4.5 mm of medial HCOR
displacement observed.

HCOR S-I displacement influences postoperative offset and
leg length [1,3,7]. Significant superior HCOR displacement in
particular may lead to negative postoperative outcomes such as
reduced abductor strength, implant loosening, and risk of pre-
mature wear [3,5,79,18]. In contrast, moderate inferior
displacement can increase abductor strength and joint stability
and reduce the risk of premature wear [5,6,9]. However, optimal
HCOR S-I displacement is controversial. Jolles et al [26] suggest
an inferior HCOR displacement <2 mm to decrease the risk of
dislocation. Our study, however, demonstrated a mean superior
HCOR displacement of 0.83 mm =+ 2.76 mm, consistent with
prior studies. In particular, Dastane et al [1] suggested a HCOR S-
I displacement threshold of +3 mm, whereas Bjarnason et al [3]
suggested +5 mm, to maintain global offset and promote joint
survivorship. In the present study, a proportion analysis
revealed that only 1 in 5 cases (20%) demonstrated superior
HCOR displacement >3 mm, suggesting a +3 mm threshold may
not be consistently achievable. Consequently, surgeons should
take care in avoiding this potential suboptimal positioning,
which has adverse mechanical consequences. However, it is
important to note that parameters such as global offset and leg
length are heavily influenced by implant selection. While HCOR
S-1 displacement is likely a result of the reaming process [2,27],

Table 4
Trends in postoperative A-P displacement when categorized by increasing medial
displacement.

Medialization A-P displacement

Mean (mm) SD (mm) Direction Count
0-2 mm 0.09 2.46 Posterior 110
2-4 mm 0.28 2.54 Posterior 146
4-6 mm 0.73 2.58 Posterior 170
6-8 mm 0.72 2.55 Posterior 153
8-10 mm 0.99 3.24 Posterior 82
>10 mm 1.88 3.06 Posterior 119

A-P, anteroposterior.
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Table 5
Trends in postoperative S-I displacement when categorized by increasing medial
displacement.

Medialization S-I displacement

Mean (mm) SD (mm) Direction Count
0-2 mm 0.32 1.98 Inferior 110
2-4 mm 0.72 239 Superior 146
4-6 mm 0.88 2.19 Superior 170
6-8 mm 1.79 2.37 Superior 153
8-10 mm 1.56 2.44 Superior 82
>10 mm 2.65 3.25 Superior 119

S-1, superoinferior.

undesirable HCOR S-I displacement may be corrected during the
trialing phase of surgery. Based on these findings, surgeons who
rely solely on restoration of femoral length and do not incor-
porate the S-I change in acetabular position may be uninten-
tionally increasing LLD in nearly 20% of patients.

Clinical studies regarding HCOR displacement in the A-P direc-
tion are scarce. Although biomechanical models have demon-
strated the potential for anterior HCOR displacement to minimize
hip loads and posterior HCOR displacement to reduce power gen-
eration of the hip flexors and extensors [5,19], such outcomes have
yet to be established in a clinical setting. One limitation may be that
HCOR A-P position is impossible to assess on plain A-P radiographs,
which are 2-dimensional. Indeed, while several clinical studies
have used A-P radiographs to examine outcomes resulting from
HCOR changes in M-L and S-I directions, movement in the A-P di-
rection was excluded from each analysis [2,3,6]. However, a report
by Sariali et al [4] in which computed tomography scans were used
to characterize 3D patterns in the hip center for patients who
experienced dislocation after anterior THA, described a posterior
HCOR displacement of 5 mm in the dislocation group compared
with the preoperative HCOR. The mechanism for how posterior
HCOR displacement may increase the risk of postoperative dislo-
cation is currently not understood but could be related to decreased
lateral compartment muscle forces and possibly alterations in the
contact zone between the femoral head and acetabular component
during activities of daily living. In the present study, 3D computer-

assisted navigation revealed a mean posterior HCOR displacement
of 0.64 mm + 2.76 mm, with 5.9% of study hips demonstrating
posterior displacement >5 mm. Interestingly, when stratified by
the surgical approach, the anterior cohort showed 1.88 mm more
posterior HCOR displacement than the mean for lateral and pos-
terior cases (P < .001). These findings suggest that surgical
approach influences HCOR displacement in the A-P direction.
However, further clinical analysis is required to better understand
the significance of these results.

Medial HCOR displacement is commonly reported, and we
investigated if an increase in medial HCOR displacement also re-
sults in increased A-P and S-I displacement. Medial HCOR
displacement was weakly correlated with posterior HCOR
displacement (r = 0.20) and superior HCOR displacement (r =
0.34). Cases with >10 mm medial HCOR displacement had signifi-
cantly more posterior and superior displacement (P < .001). As
these directional displacements match with the overall mean dis-
placements observed in this report, the reaming process may be
accountable for this relationship; however, this has yet to be
examined directly [2,27].

From a clinical perspective, this study is among the first to
address how the THA surgical approach impacts HCOR displace-
ment. Although studies have shown preoperative and post-
operative changes in HCOR have an impact on joint functionality,
the relationship of how HCOR relates to patient biomechanics is not
fully defined. Therefore, it is challenging to confidently assess how
some of subtle changes in displacement affect clinical outcomes.
However, we did observe HCOR displacement depends on the
surgical approach. Finding the association between approach and
HCOR merits further investigations into if and how this relationship
impacts component survivability, joint functionality, and clinical
outcomes. Better understanding of how each direction of HCOR
displacement is affected by the approach and the clinical impact it
may have may help inform decision-making when developing a
patient’s preoperative treatment plan, with different approaches
being opted for based on native patient anatomy.

This study has limitations. The retrospective and observational
study design prevented capture of potentially relevant data points
including patient demographics, diagnosis, surgical details, and
outcomes. In addition, the lack of a control group limits the
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Figure 7. Increased postoperative medial displacement is weakly associated with postoperative posterior displacement (r = 0.20). A-P, anteroposterior.
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Figure 8. Increased postoperative medial displacement is weakly associated with postoperative superior displacement (r = 0.34). S-1, superoinferior.

strength of the conclusions. Given that all patients in this study
underwent navigated THA, there is the possibility the data
collected are not reflective of data from non-navigated THA pro-
cedures; however, there is no apparent reason why the data
collected would differ based on the use of navigation. The device
provides no real-time data on reaming depth or direction, so any
changes to HCOR are entirely a result of surgeon technique and are
independent of the navigation device. Regardless, the goal of this
study was to specifically characterize trends in HCOR displacement
across a large study population. The present report included a
considerable sample size of 894 cases and is one of the first studies
to evaluate HCOR A-P displacement. In addition, the subgroup
analysis for surgical approach was limited by the disparity in
sample size between lateral/posterior and direct anterior cases
because of lower utilization by anterior approach surgeons at the
time of data collection. However, this observation corresponds with
a report by Chechik et al [28] that indicates the direct anterior
approach is less used in the United States, and the authors could not
control for this retrospectively. Intraoperative device HCOR mea-
surements are relative to the patient positioning captured at the
time of registration; therefore, any deviations from the true patient
position at registration may be reflected when capturing HCOR
[29,30]. This is of particular importance with respect to the small
yet significant difference in A-P HCOR displacement observed be-
tween anterior and lateral/posterior cases. With respect to regis-
tration, this imageless navigation device relies on probing specific
skeletal landmarks through soft tissue to register anatomic refer-
ence planes and patient position. There is some concern that tissue
distribution may affect the registration accuracy, which in the
context of this study may increase the error associated with
measuring HCOR displacement. However, registration error

Table 6
Summarized P-values for comparison of A-P displacements when categorized by
increasing medial displacement.

associated with tissue displacement has been dismissed if patient is
properly palpated and the navigation device is used as advised [31].
In addition, this device is able to account for intraoperative
movement of the pelvis, therefore reducing any error associated
with movement during the THA procedure.

Conclusions

This study evaluated the postoperative mean HCOR displace-
ment in 3 dimensions using intraoperative data from a large cohort
of computer-assisted THA. The results of this study highlight the
ability of computer-assisted navigation to assist with measuring
changes in the hip center and provide descriptive information on
the mean and range of displacement of HCOR in the A-P direction,
which is not quantifiable on A-P radiographs. In addition, the pre-
sent report highlighted significant differences in HCOR A-P
displacement when stratified by the surgical approach, suggesting
HCOR may be influenced by patient positioning and reaming
technique. Further clinical studies are required to address the
clinical outcomes associated with varying 3D HCOR displacements
in a large study population.
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Table 7
Summarized P-values for comparison of S-I displacements when categorized by
increasing medial displacement.

Medialization 0-2 mm 2-4mm 4-6 mm 6-8 mm 8-10 mm >10 mm Medialization 0-2 mm 2-4mm 4-6 mm 6-8 mm 8-10 mm >10 mm
0-2 mm 0.54 0.04 0.04 0.03 <0.001 0-2 mm <0.001 <0.001 <0.001 <0.001 <0.001
2-4 mm 0.54 0.12 0.14 0.07 <0.001 2-4 mm <0.001 0.52 <0.001 0.01 <0.001
4-6 mm 0.04 0.12 0.95 0.50 <0.001 4-6 mm <0.001 0.52 <0.001 0.03 <0.001
6-8 mm 0.04 0.14 0.95 0.47 <0.001 6-8 mm <0.001 <0.001 <0.001 0.48 0.01
8-10 mm 0.03 0.07 0.50 0.47 0.05 8-10 mm <0.001 0.01 0.03 0.48 0.01
>10 mm <0.001 <0.001 <0.001 <0.001 0.05 >10 mm <0.001 <0.001 <0.001 0.01 0.01

A-P, anteroposterior.
Bold values indictate statistical significance (P < .05).

S-1, superoinferior.
Bold values indictate statistical significance (P < .05).
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