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Abstract
Background: Acetabular cup positioning is vital to the long-term survivorship of
total hip arthroplasty (THA). Malalignment has been linked to dislocation, wear and
osteolysis. Although there are many studies demonstrating the reduction in variability
of cup positioning with computer-assisted techniques, there are relatively few reporting
long-term patient reported outcomes and revision rates. Aim: The aim of this study was
to review whether those patients who underwent navigated THA had better long-term
survivorship or better patient reported outcomes. Methods: We compared revision rates
and Oxford hip scores of 152 THAs (47 navigated and 105 non-navigated) performed at
a single site between 2003 and 2008, with a minimum follow-up of 10 years. Results: 9
of the non-navigated and none of the navigated hips were revised at 10 year follow-up
(p=0.057). There were no observable differences in 10-year Oxford hip scores between
the navigated and non-navigated hips, 44.82 and 43.38 respectively. Conclusion: With
respect to the rate of revision, although statistical significance was not achieved, it can
be shown from our data that there was a clinically significant reduction in revision rates
with navigated vs. non-navigated techniques. More data with higher patient numbers in
the navigated cohort may be required to validate the results of our study.
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1 Introduction
Total hip arthroplasty (THA) is one of the most commonly performed and successful surgical
interventions of the 21st century, with success rates in excess of 90% demonstrated (1, 2).
Component orientation has been shown to be a significant factor in determining long-term outcomes
following THA. Poor orientation has been linked with increased wearing of components, migration of
the acetabular component and impingement (3-5). Several trials have also shown the link between
malalignment of the acetabular cup and leg length discrepancy, osteolysis and dislocation (6, 7).
Several factors, such as variable pelvic positioning of patients on the table, mean free hand techniques
lead to significant variability in cup placement(8). Computer assisted surgery (CAS) is growing in
popularity as a technique to minimise error in cup placement. There are two variations of this. Imagebased systems which rely on pre-operative collection of images using computed tomography and
imageless systems, which use intra-operative orientation data to build up a 3-D anatomical image,
using bony landmarks(9). Imageless navigation is the focus of this study. A study by Kalteis et al.(10)
showed that using imageless navigation led to a significant increase in acetabular component
placement in the ‘safe zone’ (defined by Lewinnek et al.(11) as inclination and anteversion of 40° ±
10° and 15° ± 10°, respectively). Moskal et el. (12) published a systematic review showing
significantly fewer dislocations with navigated techniques as a result of more ‘safe’ placements.
However, the authors concluded that there is an obvious lack of prospective randomized trials, a poor
congruency in the reported data and a limited number of patients included in those studies. The results
of that evidence-based analysis demonstrated a clear need for further trial data to define or determine
the role of navigation in THA. Although many studies compare navigated vs. manual techniques in
terms of cup placement accuracy, relatively few report long-term outcomes of the impact of this for
patients. In this study, we wanted to focus on patient reported outcomes and the total number of
revisions over a ten-year period and quantify the benefit of using navigation.

2 Patients and Methods
We conducted a retrospective analysis of 145 patients who underwent a total of 152 (47 navigated,
105 non-navigated) total hip replacements. These were performed at a single site, University Hospital
Hairmyres, Eaglesham Road, East Kilbride, G75 8RG. A total of seven surgeons were involved in
performing the operations. One surgeon, this study’s senior author, performed all the navigated
THAs. We collected data from medical records, operating notes and retrospectively reviewing follow
up clinic notes. The minimum time to follow up was 10 years (median 11.33 years). Patient reported
outcomes were quantified as Oxford hip scores(13), which were collected pre-operatively, 1 year, 5
year and 10 year post-operatively. All patients received Excia® (BBraun) hip stems and either
navigated or non-navigated Plasmacup® (BBraun) acetabular Cups. All patients received Biolox®
(Ceramtec) femoral head components. Navigation was performed using the imageless Orthopilot®
(BBraun) system. Statistical analysis was carried out with Fisher’s Exact Test using SPSS (IBM Corp.
Released 2016. IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp).
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3 Results
There were no revisions in the group of navigated hips at 10 year follow up vs. 9 revisions in the
non-navigated (p=0.057). The reasons for revision in the non-navigated cohort were as follows: pelvic
discontinuity-1, acetabular liner fracture-2 (Fig. 1), malposition-1, thigh/groin pain-2, periprosthetic
fracture-2, and dislocation-1.
When comparing prosthesis issues, there were some observable differences between the groups. The
results were as follows: five (10.64%) patients from the navigated group experienced thigh/groin pain,
vs. thirteen (12.4%) of the non-navigated group. There were also some marginal differences in the
rates of prosthesis squeaking between the two groups, two (4.2%) patients from the navigated group
had this issue vs. five (4.76%) from the non-navigated hips. In the navigated group there was one
patient with a deep wound infection requiring wash out and one patient with residual foot-drop
following nerve damage. There were no observable differences in 10-year Oxford hip scores (Table
1) between the navigated and non-navigated hips, 44.82 and 43.38 respectively.

Figure 1. A-B (A) Radiograph taken 6
years post-op in non-navigated THA
showing acetabular liner fracture (B)
Same patient following revision and
repair of pelvic discontinuity
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4 Discussion
Computer assisted navigation has shown repeatedly to allow more accurate cup placement with
less variability versus non-navigated techniques (10, 14-18). From the knowledge that accurate
placement leads to less wear, dislocation and osteolysis, we can indirectly infer that this will reduce
revision rates and improved patient outcomes post-operatively. We have shown in this study a direct
link between the use of navigated techniques and an observable difference in revision rates. Although
statistical significance in revisions could not be shown at 10-year follow up, we feel as though our
data shows a clinically significant benefit using imageless navigation for THA. Our data also suggests
there is only a marginal benefit in using navigation for patient reported outcomes. To truly validate
the results of our study, bigger patient numbers are required in the navigated cohort of patients.

Pre-op
1yr post-op
5yr post-op
10yr post-op

Navigated group
14.92
37.66
40.73
44.82

Non-navigated
15.9
40.54
40.30
43.38

Table 1. Mean Oxford hip scores collected pre-op, 1 yr, 5yr and 10yr post op.
Scores were reported by patients at scheduled review. Guide: Score 0-19: May
indicate severe arthritis. Highly likely patient will require surgical intervention. Score
20-29: Indicates severe hip arthritis, candidate for X-ray/orthopaedic review. Score
30-39: Indicates mild-moderate arthritis. Candidate for non-surgical intervention.
Score 40-48: Satisfactory joint function.
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