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Abstract

Objectives: In total hip arthroplasty (THA), accurate acetabular component position
promotes prosthetic hip joint stability and longevity, and minimizes polyethylene wear.
Image-based mechanical navigation is known to improve accuracy and reproducibility
of accurate cup position intraoperatively via the posterior approach and the superior
capsular approach. The purpose of this study was to assess the accuracy of acetabular
component position using image-based mechanical navigation via the direct anterior
approach (DAA). Methods: We prospectively followed 96 patients who underwent
THA with one fellowship-trained arthroplasty surgeon over a nine-month period.
Thirty-three patients underwent DAA THA with the anterior HipXpert device (Group
1), and 63 patients underwent posterior approach THA with the lateral HipXpert
mechanical navigation device, serving as an operative control group (Group 2).
Standard postoperative plain film radiographic measurements of acetabular component
inclination and anteversion were assessed. Results: The average inclination angle was
38.6 degrees and 40.6 degrees in Groups 1 and 2, respectively. The average anteversion
angle was 27.6 degrees and 30.1 degrees in Groups 1 and 2, respectively. There were no
postoperative hip dislocations and no study patients underwent revision THA at an
average follow-up of 12 months. There were no patient outliers in Groups | or Il with
inclination angles or anteversion angles outside 10 degrees of the preoperatively
planned values. Conclusion: The anterior HipXpert mechanical navigation device
enhances accurate acetabular component position and may reduce outlier component
placement. Acetabular socket position is as accurate using the anterior device as it is
using the lateral device.
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1 Introduction

Acetabular component position in total hip arthroplasty (THA) is critical to
optimize hip biomechanics, reduce impingement and instability, minimize wear-
induced osteolysis, and promote implant longevity. The first concept of a safe zone
for acetabular cup positioning was introduced by Lewinnek et al. in 1978 and has
been widely used to guide assessment of component placement [1]. Recently,
however, the clinical utility of this safe zone has come into question [2]. As pelvic
tilt and spinopelvic attitude and flexibility vary between patients, the functional
orientation of the acetabular component — and therefore the optimal socket position —
is likely to be patient-specific, rather than in a fixed zone. Thus, optimizing
acetabular component positioning may require individualized pre-operative planning.

Intra-operative technology assistance has been increasingly used to improve
accuracy and precision of component placement in THA procedures, with a recent
estimated overall use of 1.9% and a nearly tenfold increase from 2008 to 2015 [3].
Smart mechanical navigation devices such as the HipSextant and HipXpert systems
(Surgical Planning Associates Inc., Boston, MA) have been shown to provide
reliable and accurate acetabular cup position in THA [4-6]. Although studies have
looked at these devices using a posterior approach, no such studies have evaluated
the anterior device using the anterior approach. In this study, we sought to assess the
accuracy of acetabular component position using an image-based mechanical
navigation device via the direct anterior approach (DAA).

2 Materials and Methods

All patients who underwent primary THA using either the anterior or lateral
HipXpert mechanical navigation device (Surgical Planning Associates Inc., Boston,
MA) with one fellowship-trained arthroplasty surgeon at a single academic center
were prospectively followed over a nine-month period (December 2016 to
September 2017). Patients who underwent DAA THA with the anterior HipXpert
device were included in the study group, Group 1. Group 2 represented an operative
control group and included patients who underwent THA using the posterior
approach with the lateral HipXpert mechanical navigation device.

The HipXpert device is an adjustable and reusable frame that is applied to specific
points on the pelvis during surgery to assist with socket position. It is placed on the
hemipelvis, with the base point behind the posterior wall of the acetabulum, 20mm
from the infracotyloid notch. The second point is on the lateral ilium, adjacent to the
anterior superior iliac spine, and the third point is equidistant from the other two
points on the ilium, anterior to the sciatic notch. A virtual pelvis model is created
using preoperative CT scans, and an ideal socket position is formulated on the
model.
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Preoperative and postoperative standing AP radiographs were obtained using a
standardized protocol. The anterior pelvic plane and operative anteversion were used
to plan the acetabular component position. There was no significant difference in
preoperative planned values between groups. Radiographic measurements of
acetabular component inclination and anteversion were made using TraumaCad
digital software on standard standing postoperative AP pelvis radiographs. Patient
demographics, including age, gender, and surgical procedure, were also recorded.

AP pelvic radiographs were measured to calculate the postoperative cup
inclination and version. The average value was then compared to the preoperatively
planned values. An outlier was defined as outside of a range of +10° of inclination
and/or anteversion from the planned preoperative orientation.

Statistical analysis included student t tests to determine if the mean values of the
absolute error for anteversion and inclination were less than 10°. A p value less than
0.05 was considered statistically significant.

3 Results

Ninety-five patients (96 hips) were included in the study. The study group (Group
1) was comprised of 32 patients (33 hips), and the surgical control group (Group 2)
was comprised of 63 patients (63 hips).

There were no significant differences in age, BMI, or gender between the two
groups. The average acetabular inclination angle was 38.6° and 40.6° in Groups 1
and 2, respectively. The average acetabular anteversion angle was 27.6° and 30.1° in
Groups 1 and 2, respectively. The target cup inclination and anteversion were
achieved within 10°, simultaneously, in all cases using the anterior HipXpert and
lateral HipXpert device. There were no intraoperative complications related to the
anterior or lateral device. At an average follow-up of 12 months, there were no
prosthetic hip joint dislocations and no patient required revision.
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Fig. 1. Postoperative AP radiograph of a patient who underwent staged bilateral
DAA THA for bilateral hip osteoarthritis, shown with acetabular inclination and
anteversion measurements.

4 Discussion

Acetabular component malposition can result in mechanical complications,
including dislocation, impingement, increased wear, and increased revision rates.
Two recent studies revealed poor accuracy of socket orientation with free-hand
insertion techniques [7-8]. Despite this, use of computer-assisted navigational
systems among arthroplasty surgeons remains relatively uncommon and few studies
have assessed the accuracy of these devices. Jennings et al. evaluated 47 hips that
underwent primary THA using the lateral HipSextant mechanical navigation device
via the posterior approach and found that 100% of acetabular components were
within 10° of the planned anteversion and inclination targets [4]. Similarly, Murphy
et al. reviewed postoperative CT studies of 37 hips that underwent primary THA
using the posterior approach and lateral HipXpert device and also found no outliers
in either anteversion or inclination, demonstrating the accuracy and precision of the
device [5].

Limitations of this study include the non-randomized nature, which introduces the
possibility of patient selection bias. All procedures were performed by a single
surgeon, which limits the generalizability of the results. Anteversion measurements
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were made using plain radiographs, which may be inaccurate; CT would be a better
evaluation tool in further studies [9].

To our knowledge, this is the first clinical study evaluating the anterior HipXpert
device using the anterior approach. Our results suggest that it is as accurate in
achieving target cup orientation as the lateral device, which has been shown to
increase the surgical accuracy of acetabular component orientation compared to
conventional free-hand techniques. These devices may improve patient outcomes by
reducing outliers and mechanical complications after THA.
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