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Introduction: Improper cup positioning and leg length discrepancy (LLD) are two of the most common
errors following total hip arthroplasty (THA) and are associated with potentially significant conse-
quences. Obesity is associated with increased risk of mechanical complications, including dislocations,
which may be secondary to cup malposition and failure to restore leg length and offset. 3D Optical
Camera computerassisted navigation (CAN) system may reduce the risk of component malposition and
LLD with real time intraoperative feedback. The aim of this study was to investigate whether the use of
CAN influences acetabular component placement (CP) accuracy and leg length restoration in obese (body
mass index(BMI)�35kg/m 2 ) patients undergoing primary THA.
Methods: A multi-center retrospective review was conducted identifying consecutive THA cases with
BMI > 35kg/m 2 using CAN (Intellijoint Hip, Waterloo, CA) from 2015-2019. These patients were then
matched with patients undergoing conventional THA (control) at a 1:1 ratio according to BMI, American
Society of Anesthesiologists score, and gender. TraumaCad™ software (Brainlab, Chicago, IL) was used to
measure cup anteversion, inclination, and change (D) in LLD between pre- and postoperative radio-
graphic images. The safety target zones used as reference for precision analysis of CP were 15�-30� for
anteversion and 30�-50� for inclination.
Results: 176 patients were included: 88 CAN and 88 control cases. CAN cases were found to have a lower
DLLD than controls (3.53±2.12mm vs. 5.00±4.05mm; p¼0.003). Additionally, more CAN cases fell within
the target safe zone than controls (83% vs.60%, p¼0.00083).
Conclusion: Our findings suggest that the use of a CAN system may be more precise in component
placement, and useful in facilitating the successful restoration of preoperative leg length following THA
than conventional methodology.

© 2020 Delhi Orthopedic Association. All rights reserved.
1. Introduction

Total hip arthroplasty (THA) is a highly successful treatment for
hip osteoarthritis (OA). While generally associated with positive
results, errors in cup positioning (CP), defined as anteversion and
inclination, and failure to restore equal leg lengths (LL) can lead to
potentially significant consequences, such as post-operative com-
plaints of low back pain, neurological deficits, and overall patient
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dissatisfaction.1 Furthermore, acetabular component malposition-
ing increases the risk of dislocation and the likelihood of early
revision surgery.1e5

An important factor linked to adverse outcomes and acetabular
component malpositioning is obesity, which has been associated
with increased overall complication rate, increased dislocation rate,
and inferior functional outcome after primary THA compared to
non-obese counterparts.6 Callanan et al. found a 1.3-fold increased
risk for cup malpositioning in patients with a body mass index
(BMI) > 30 kg/m2 compared to patients in the lower BMI groups.7

Elson et al. demonstrated a similar impact on CP in morbidly
obese patients (BMI > 35 kg/m2) showing a significant trend to-
wards decreased anteversion and greater abduction angles in the
morbidly obese cohort compared to patients with BMI < 25 kg/m28
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Conventional methods for LL and CP are susceptible to limited
visibility of anatomic landmarks, intraoperative movement, and
mainly rely on surgeon experience, and for this reason have vari-
able accuracy. In order to address these limitations, enabling
technologies have evolved with the goal of increasing accurate CP
and reducing outliers. Numerous studies have shown the efficacy of
imageless computer-assisted navigation (CAN) in increasing the
accuracy of CP, without significantly increasing surgical time.9e12

However, imageless CAN for THA has been found to be less accu-
rate in obese patients, likely due to difficulty in accurate registra-
tion of the software with increased adiposity over bony
surfaces.13,14

One surgical navigation tool currently available is the CAN HIP
(Intellijoint Surgical, Inc, Waterloo, ON, Canada). This is a guidance
tool which provides real-time data on LL/CP to the surgeon and
allows for immediate feedback on component positioning and leg
length. Cadaveric studies with CAN showed that the device was
accurate when evaluated with CT scans pre- and post-op, with cup
position within one degree for anteversion and inclination and a
mean difference for LL of 0.27 mm.15 CAN use in THA patients has
also been found to be accurate when compared to conventional
guides in terms of anteversion, inclination and LLD.16e20 However,
no study to date, has investigated the validity of this navigation
system for patients with a higher BMI.

Given the high volume of THA performed yearly, the increasing
revision burden, and the rising rate of obesity, it is imperative
precautions are taken to minimize the risk of component malpo-
sitioning, especially in this higher-risk populations. The purpose of
this study is to evaluate the efficacy of using CAN on the acetabular
component positioning and residual LLD in patients with a BMI �
35 kg/m2. We hypothesize that the use of this imageless navigation
tool would increase the accuracy of CP and decrease the LLD in
primary THA when compared to non-navigated THA.

2. Methods

2.1. Study design and patient population

A multi-center retrospective review at two high-volume, urban,
academic institutions was performed identifying consecutive pa-
tients with a BMI above or equal to 35 kg/m2 who underwent an
elective primary THA, through the mini-posterior approach, using a
navigation system from January 2015 to June 2019. Patients quali-
fied for eligibility if they were greater than or equal to 18-years-old,
had a BMI greater than or equal to 35, were undergoing an elective
primary THA due to primary OA, and had pre- and post-op X-rays
available. Patients were excluded if they were less than 18-years-
old, had a BMI less than 35, if pre-op or post-op X-rays were not
available, or if they presented for THA due to any cause other than
primary OA such as developmental dysplasia of the hip, traumatic
causes, or rheumatoid arthritis. Patients in the experimental group
were excluded if the CAN system was removed for any reason
during the operation or if there was any instability in the pelvic
CAN platform such that accurate measurements were not obtain-
able. In an attempt to control for the amount of preoperative
acetabular defects and damage that may impact final cup place-
ment of our cases, we have only included primary THA patients and
excluded all revisions and conversion cases. As such, all of our cases
received primary acetabular cup implants since none had any sig-
nificant acetabular defects (Paprosky classification type 1).

The variables that were collected in the study were: cup ante-
version, cup inclination, LLD between pre- and post-operative
radiographic (AP pelvis) x-rays two to six weeks post-surgery,
and baseline patient characteristics such as age, BMI, sex, and
American Society of Anesthesiologists (ASA) score. Each of the
41
experimental cases were then matched with control cases using
non-navigation assisted approach at a 1:1 ratio according to patient
demographics, specifically age, BMI, ASA, and sex. The primary
outcome of the study was to compare CP based on cup anteversion
and inclination between CAN cases and conventional THA. LLD was
also compared between pre and post-op X-rays. All de-identified
data was collected using Microsoft Excel software.

2.2. Analysis plan

TraumaCad™ software (Brainlab, Chicago, IL) was used to
measure cup anteversion, inclination, and LLD. Each of these
measurements were taken by three raters independently and
averaged. The average cup measurements and LLD were then used
in our final analysis. Cup position accuracy was determined ac-
cording to surgeon preference safe zone with an anteversion angle
between 15� and 30� and an inclination angle between 30� and 50�

(Fig. 1).

2.3. Statistical analysis

Independent sample, two-sided t-tests were used to determine
any significant differences between continuous variables, including
age, BMI, ASA, and cup measurements (anteversion, inclination,
and LLD). Chi-squared tests were used to detect any differences
among categorical variables such as demographic data, and cup
position analysis. Lastly, an intraclass correlation coefficient (ICC)
was used to compare cup anteversion, inclination, and LLD among
raters. All statistical analyses and calculations were performed us-
ing SPSS v25 (IBM Corporation, Armonk, New York). A p-value of
less than 0.05 was used to determine the statistical significance of a
finding. An ICC of more than 0.75 was deemed good to excellent.21

3. Results

A total of 176 eligible patients were identified in this study. 88
THA patients were identified using the CAN system while 88 THA
patients were identified without navigation assistance for the
control group. The CAN cohort was comprised of 40.91% females
and 59.09%males with an average age of 56.6 (±11.3) years, average
BMI of 39.47 (±4.21) kg/m2, and ASA of 2.52 (±0.57. The control
group also consisted of 42.05% females and 57.59% males with an
average age of 58.51 (±10.5) years, average BMI of 38.50 (±3.24) kg/
m2, and ASA of 2.55 (±0.53). There was no statistically significant
difference in any of the baseline patient characteristics found be-
tween CAN and control cases (Table 1).

When comparing cup measurements in patients with BMI
�35 kg/m2 between CAN and control groups, our results show that
pre-op and post-op DLLD was significantly more accurate in the
navigated group compared to non-navigated. The residual post-
operative LLD was 1.5 mm more accurate in CAN cases
(3.53 mm ± 2.12 vs 5.00 mm ± 4.05, p ¼ 0.003) compared to non-
navigated cases. When using the surgeon preference safe zone as a
reference for precision analysis of CP, there was a significant dif-
ference in improved safe zone placement for the navigated group.
CAN cases fell within the safe zone in 83% of cases versus 60% of
control cases (p < 0.01), see Table 3 and Fig. 1. There was no sta-
tistically significant difference in mean cup anteversion
(21.27� ± 5.27 vs 20.81� ± 7.38, p ¼ 0.64) or mean inclination
(39.96� ± 5.69 vs 41.2� ± 6.66, p ¼ 0.19) in CAN vs. control (Table 2).

4. Discussion

Primary THA for the management of moderate-to-severe hip OA
is a common and very successful procedure resulting in significant



Fig. 1. Analysis of CP in reference to surgeon safety zone.

Table 1
Patient Characteristics and Surgeon, represented as means (±SD) or counts (%).

Variables CAN (n ¼ 88) Control (n ¼ 88) p-value*

Age (years) 56.6 (±11.3) 58.41 (±10.5) 0.43
BMI (kg/m2) 39.47 (±4.21) 38.50 (±3.24) 0.09
ASA 2.52 (±0.57) 2.55 (±0.53) 0.79
Gender 0.88
Male 52 (59.09%) 51 (57.95%)
Female 36 (40.91%) 37 (42.05%)

*p-values derived from two tail t-test or chi-squared for categorical values.
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pain relief and functional improvement for the majority of
patients.1e5 Obesity is associatedwith increased rate ofmedical and
mechanical complications, including dislocations, which may be
secondary to cup malposition and failure to restore leg length, with
potentially serious complications.6e8 Although THA is generally
associated with excellent clinical outcomes, a non-insignificant
Table 2
Bivariate comparison between cup anteversion, inclination, and LLD between CAN and c

Variables CAN

Cup anteversion 21.2
Cup inclination 39.9
Leg length difference (LLD) between pre-op and post-op THA 3.53

Table 3
Precision analysis of CP in surgeon safety zone.

Precision analysis of Cup Position: Computer Navigation vs Conventional

Computer Navigation
n ¼ 88

Within Surgeon Preference zone
Yes (%) 73 (83%)
No (%) 15 (17%)

42
percentage of patients who undergo traditional THA may report
some degree of symptom, including low back pain from persistent
LLD, or experience a more significant complication such as hip
dislocation which may become recurrent and lead to revision sur-
gery.22 Conventional methods of restoring leg length and offset rely
on preoperative templating and intraoperative landmarks but are
susceptible to patient position changes or limited intra-operative
visualization. For this reason, obesity has been associated with
increased risk of LL/CP. CAN systems have been incorporated into
THA for the past 2 decades but there is little literature on the impact
of computer navigation on obese patients. As registration methods
are different between different CAN systems, the impact of BMI
may be variable. A novel imageless CAN system which a pelvic
platform and 3D optical camera (CAN HIP) may improve acetabular
component placement and minimize post-operative LLD with real-
time data intraoperatively. However, the CAN system reported in
our study has not been evaluated in patients with BMI above or
ontrols (i.e. surgical experience), represented as means (±SD).

(n ¼ 88) Control (n ¼ 88) p-value*

7� (±5.27) 20.81� (±7.38) 0.64
6� (±5.69) 41.2� (±6.66) 0.19
mm (±2.12) 5.00 mm (±4.05) 0.003

Control p-value
n ¼ 88

0.00088
53 (60%)
35 (40%)
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equal to 35 kg/m2. The purpose of this studywas to evaluate the use
of CAN in patients with BMI greater than or equal to 35 kg/m2 and
its effect on CP and LLD compared to a matched group of patients
undergoing THA with conventional techniques.

Our study found no significant difference in CP for mean ante-
version (21.27� ± 5.27 in CAN cases vs 20.81� ± 7.38 in control,
p ¼ 0.64) and mean inclination (39.96� ± 5.69 vs 41.2� ± 6.66,
p ¼ 0.19) between CAN and control cases. This finding is supported
by other studies found in the literature. Moskal et al. conducted a
study comparing CP in CAN cases and controls and found no sig-
nificant difference between cohorts in regards to cup anteversion
(20.11� vs 20.24�, p ¼ 0.9672) and inclination (42.65� vs 43.57�,
p ¼ 0.5686).23 On the other hand, Sendtner et al. conducted a study
to compare CP between cases using minimally-invasive computer-
assisted navigation and traditional cases and found statistical dif-
ference in regards to inclination (42.3� vs 37.9�, p ¼ 0.002) but not
for anteversion (24.5� vs 23.8�, p ¼ 0.739) in CAN compared to
conventional method.24

Our study also looked at pre- and post-op DLLD and found an
accuracy difference of about 1.5 mm between CAN and traditional
cases (LLD was 3.53 mm in CAN THAvs 5.00 mm in traditional THA,
p¼ 0.003) but difference was not statistically significant, p¼ 0.003.
However, there is some disagreement about pre- and post-op DLLD
in which some studies found a difference in LLD while others did
not.22,25,26 Manzotti et al. conducted a study comparing CAN to
non-navigational methods showing a significant difference in LLD
favoring CAN cases at about the same difference of 2 mm (5.06 mm
vs 7.64 mm, p ¼ 0.0043).25 Ellapparadja et al. found similar results
supporting CAN cases as well, but at a greater difference of 4 mm
(3 mm vs 6.9 mm, p ¼ 0.001).26 On the other hand, Paprosky et al.
conducted a study that compared CAN vs non-CANuse in THA cases
and found LLD favoring traditional cases, although not statistically
significant (2.0 mm vs 1.2 mm, p ¼ 0.66).22 While there is
disagreement about LLD in the literature, the results of our study
suggest that CAN use may help to facilitate the successful restora-
tion of pre-op leg length following THA. While this difference is
unlikely to be clinically significant, we found that patients in the
control group were more likely to have a LLD >5 mm, suggesting
that these results may have greater clinical impact.26,27

In addition to studying the differences between CP and LLD in
CAN vs control cases, our study also looked at the precision analysis
of CP in reference to the surgeon safety target zone (15�e30� for
anteversion and 30�e50� for inclination). Our results found that a
higher proportion of CAN cases fell within the safe zone compared
to conventional cases (83% vs 60%, p < 0.01). These findings are
consistent with those found in the literature which favors CAN
cases. Suksathien et al. found significant differences in the per-
centage of anteversion within the safe zone using imageless navi-
gation compared to freehand technique in patients with an average
BMI of 22 kg/m2 (100% vs 51.6%, p < 0.001).28

4.1. Limitations

There are several limitations to our study. The retrospective
design exposes our study to selection bias, which may limit the
demographic variability and diversity of the cases we selected. To
counter this issue, we matched our cases by age, BMI, gender, and
ASA at a 1:1 ratio and our analysis showed no significant differ-
ences in patient characteristics in either cohort. Moreover, this
limits our ability to select and control for surgeon, whichmay affect
the results of the traditional cases that rely on surgeon experience.
Most importantly, the observational nature of our study may limit
the interpretation of our results on CP and LLD due to the limited
accuracy of x-ray imaging and errors that can be made with sub-
jective measurements.29,30 Despite these limitations, post THA
43
measurements using plain radiographs have been shown to be
reliable and reproducible.31 Kjellberg et al. reported excellent inter-
observer reliability (mean ICC of 0.83) and intra-observer repro-
ducibility for LLD measurement on plain radiographs (ICC of 0.90
and 0.88).31 To that effect, our results have also shown great inter-
observer reliability using a similar methodology for pre and post-
op THA radiographs as evident by our ICC for each of our mea-
surements (ICC of 0.99 for both anteversion and inclination in CAN
cases and controls, ICC of 0.799 and 0.801 for LLD in CAN cases and
controls, respectively). Other limitations include possible differ-
ences of intra-operative use of the navigation system among
operating surgeons. While we consider the inclusion of data from
multiple centers to be a strength of our study, we acknowledge that
this may also introduce other biasness that we may not have
accounted for as a result of the differences between institutions.
These biases may include differences in operating facilities and
surgical expertise, especially in regards to training and surgical
skill. Although these limitations exist, our study suggest that the
use of a CAN systemmay bemore precise in component placement,
and useful in facilitating the successful restoration of pre-operative
leg length following THA than conventional methodology.

5. Conclusion

The use of computer-assisted navigation program for CP and LLD
in obese patients (BMI greater than or equal to 35 kg/m2) under-
going primary THA improved post-op LLD accuracy 1.5 mm, sug-
gesting that CAN use may help to facilitate the successful
restoration of pre-op leg length following THA. While this differ-
ence is unlikely to be clinically significant, patients in our control
group were more likely to have a LLD >5 mm which has been
shown to have clinical consequences. Our findings also suggest that
the use of a CAN system is more precise in surgeon “safe zone”
component placement following THA compared to conventional
methodology in patients with BMI � 35 kg/m2.
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