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Background: The use of computer navigation has been shown to producemore accurate cup positioning when compared
with non-navigated total hip arthroplasty (THA), but so far there is only limited evidence to show its effect on clinical
outcomes. The present study analyzed data from the Australian Orthopaedic Association National Joint Replacement
Registry to assess the impact of computer navigation on the rates of all-cause revision and revision for dislocation
following THA.

Methods: Data for all non-navigated and navigated primary THAs performed for osteoarthritis in Australia from January 1,
2009, to December 31, 2019, were examined to assess the rate of revision. We analyzed the effects of navigation on rate,
reason, and type of revision. Hazard ratios (HRs) from Cox proportional hazard models, adjusted for age, sex, and head
size, were utilized. Because of known prosthesis-specific differences in outcomes, we performed a further analysis of the
5 acetabular and femoral component combinations most commonly used with navigation.

Results: Computer navigation was utilized in 6,912 primary THAs for osteoarthritis, with the use of navigation increasing
from 1.9% in 2009 to 4.4% of all primary THAs performed in 2019. There was no difference in the rate of all-cause revision
between navigated and non-navigated THAs looking at the entire group. There was a lower rate of revision for dislocation in the
navigation THA cohort. The cumulative percent revision for dislocation at 10 years was 0.4% (95% confidence interval [CI],
0.2% to 0.6%) for navigated comparedwith 0.8% (95%CI, 0.8% to 0.9%) for non-navigated THAs (HR adjusted for age, sex, and
head size, 0.46; 95% CI, 0.29 to 0.74; p = 0.002). In the 5 component combinations most commonly used with navigation,
the rate of all-cause revision was significantly lower when these components were navigated compared with non-navigated.
The cumulative percent revision at 10 years for these 5 prostheses combined was 2.4% (95% CI, 1.6% to 3.4%) for navigated
compared with 4.2% (95% CI, 4.0% to 4.5%) for non-navigated THAs (HR, 0.64; 95% CI, 0.48 to 0.86; p = 0.003).

Conclusions: This study showed that the use of computer navigation was associated with a reduced rate of revision for
dislocation following THA. Furthermore, in the component combinations most commonly used with navigation there was
also a reduction in the rate of all-cause revision.

Level of Evidence: Therapeutic Level III. See Instructions for Authors for a complete description of levels of evidence.

T
otal hip arthroplasty (THA) is an established method of
surgical treatment for advanced, symptomatic hip
arthritis and has been named as one of the most suc-

cessful operations of the last century1. However, THA comes
with a small but meaningful burden of revision, and prothesis
dislocation has been identified as one of the most common

reasons for revision2,3. Malpositioning of the acetabular com-
ponent in THA has been identified as a major risk factor for
dislocation4-8. About 50% of early revisions are deemed avoid-
able, and suboptimal positioning of the acetabular component is
the most common reason, accounting for 48% of avoidable
revisions in 1 study9. The use of computer navigation in primary
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THA commenced in the 1990s and has constantly evolved10. It
has been shown to improve the reproducibility of acetabular cup
positioning, but there are limited studies to demonstrate that this
effect is translated into the clinical benefit of improved prosthesis
survival11-15.

The Australian Orthopaedic Association National Joint
Replacement Registry (AOANJRR) began collecting data on the
use of computer-navigated arthroplasty in 2003. The use of
navigation has increased in total knee arthroplasty (TKA), with
approximately a quarter of TKAs being navigated in 201216 and a
third in 2018. However, the AOAJJRR shows that <2% of THAs
overall have utilized navigation. The reason for this discrepancy
could be that THAsmost frequently use image-based navigation,
which is associated with increased cost, planning time, and
radiation, whereas TKAs most commonly involve the use of
imageless navigation. Imageless navigation for THA overcomes
many of the disadvantages associated with image-based navi-
gation and is being increasingly used17.

The aim of this study was to determine if there were
differences in the rates of all-cause revision and revision for
dislocation between navigated and non-navigated THA, uti-
lizing data from a large national registry. We also performed a
subanalysis of the 5 most commonly implanted prosthesis
combinations with and without computer navigation.

Materials and Methods

The AOANJRR began data collection on September 1, 1999,
and includes data for almost 100% of the arthroplasty

procedures performed in Australia since 2002.
Registry data are validated against patient-level data pro-

vided by each of the state and territory health departments in
Australia with use of a sequential, multilevel matching process.
In order to link each revision to its respective primary procedure,
a monthly matching of procedures involving the same side and
joint of a patient recorded in the registry is performed. Twice a
year, data are also matched with the Department of Health and
AgingNational Death Index to check for deceased patients. Since
2003, information on the use and type of navigation is collected
with an addition to the form for THA and TKA marked
“computer-assisted.”

The present study included all THAprocedures recorded in
the registry from January 1, 2009, toDecember 31, 2019, that were
performed for osteoarthritis. We included only procedures with
modern bearing surfaces, defined as ceramic-on-ceramic or
metal- or ceramic-on-polyethylene. We excluded all metal-on-
metal bearing surfaces because of their known high rate of revi-
sion, as well as all dual-mobility and constrained liners. The
AOANJRR records the reason for and type of revision of THA. To
address concerns regarding the hospital and surgeon cluster
effect, a frailty model with hospital and surgeon frailties was uti-
lized. Included in themodelwere computer navigation (computer
navigated versus non-navigated), head size, age, and sex.

The cumulative percent revision rate was compared
between the non-navigated and navigated THAs over the same
time period, and the impact of head size, surgical approach,
surgical experience, reason for revision, and type of revision were

assessed. Furthermore, a subanalysis restricted to the 5 most
commonly used acetabular and femoral component combina-
tions, inserted with and without navigation, was performed.

Statistical Analysis
The AOANJRR uses Kaplan-Meier estimates of survivorship to
describe the time to the first revision of an arthroplasty, with
censoring at the time of death or closure of the database at the
time of analysis. The unadjusted cumulative percent revision at
10 years after the index primary arthroplasty, with an accom-
panying 95% confidence interval (CI), was calculated with the
use of unadjusted pointwise Greenwood estimates in order to
allow for the same-time-matched comparison of navigated and
non-navigated THAs, as the former had a shorter follow-up in
the registry. The unadjusted cumulative-incidence functions of
the reasons for revision of navigated and non-navigated THA
were also calculated. The hazard ratio (HR) was calculated with
use of Cox proportional hazard models adjusted for age, sex,
and head size, and was utilized to make statistical comparisons
of the revision rates between the 2 groups. The assumption of
proportional hazards was checked analytically for each model;
if the interaction between the predictor and the log of the
postoperative time was significant in the standard Cox model,
then a time-varying model was used. For this study, the
reported HRs pertain to the entire follow-up period. To address
concerns regarding hospital and surgeon cluster effect, a frailty
model was utilized with crossed random effects of hospital and
surgeon. All tests were 2-tailed with significance set at 0.05.
Statistical analysis was performed with the use of SAS (version
9.3; SAS Institute).

Source of Funding
The AOANJRR is funded by the Commonwealth of Australia’s
Department of Health and Aging.

Results

There were 269,848 THAs performed for the treatment of
osteoarthritis. Of these, 6,912 were performed with use of

computer navigation (2.6%) and 262,936 were non-navigated
(97.4%). Age and sex were similar in both groups. A summary
of patient demographic data and follow-up time is displayed in
Table I.

The use of navigation has increased from 1.9% of all
THAs in 2009 to 4.4% in 2019. There were more patients in the
navigation group that had femoral head sizes of >32 mm
(Fig. 1). The AOANJRR recorded 228 surgeons who performed
navigation over this period of time, and the use of navigation
was recorded in 181 hospitals (of 318 hospitals in Australia
performing arthroplasty). There were 16 surgeons who had
performed >100 navigated THAs.

A total of 160 of 6,912 computer-navigated THAs were
revised. When adjusted for age, sex, and femoral head size, there
was no difference in the rate of all-cause revision between nav-
igated and non-navigated THA in either the Cox or frailty
model. The cumulative percent revision at 10 years was 4.0%
(95% CI, 3.2% to 4.9%) for navigated compared with 4.6%
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(95% CI, 4.4% to 4.7%) for non-navigated THAs (HR, 0.89;
95% CI, 0.76 to 1.04; p = 0.138) (Fig. 2).

There was a lower rate of revision for dislocation among
navigated THAs. The cumulative percent revision for dislocation
at 10 years was 0.4% (95% CI, 0.2% to 0.6%) for navigated
compared with 0.8% (95%CI, 0.8% to 0.9%) for non-navigated
THAs (HR, 0.46; 95%CI, 0.29 to 0.74; p = 0.002) (Fig. 3). There
was no difference in the rate of revision for the diagnosis of
fracture, loosening, or infection between navigated and non-
navigated THAs.

The AOANJRR has collected data on 3 surgical ap-
proaches—posterior, lateral, and anterior—since 2015, and
there were 4,209 THAs performed with navigation and
140,582 without over this time period. There was no dif-
ference in the rate of revision between navigated and non-
navigated for any of the 3 approaches.

Because of known prosthesis-specific differences in out-
comes, we performed an analysis of devices used with and
without navigation. The 5 acetabular and femoral component
combinations most commonly used with navigation were Tri-
dent and Exeter V40 (Stryker), Pinnacle and Corail (DePuy
Synthes), Trident and Accolade II (Stryker), Continuum and
M/L Taper Kinectiv (Zimmer Biomet), and Fitmore and CLS
(Zimmer Biomet). The rate of all-cause revisionwas significantly
lower for navigated compared with non-navigated THAs. The
cumulative percent revision at 10 years for these 5 prostheses
combined was 2.4% (95% CI, 1.6% to 3.4%) for navigated
compared with 4.2% (95%CI, 4.0% to 4.5%) for non-navigated
THAs (HR, 0.64; 95% CI, 0.48 to 0.86; p = 0.003).

The rate of revision for dislocation, adjusted for age, sex,
and head size of the 5 most commonly used component com-
binations, was significantly lower among navigated THAs in
both the Cox and frailty models. The cumulative percent revi-
sion at 10 years was 0.3% (95% CI. 0.1% to 0.8%) for navigated
compared with 0.9% (95%CI, 0.8% to 1.0%) for non-navigated
THAs (HR, 0.37; 95% CI, 0.16 to 0.82; p = 0.014).

To control for surgeon experience, an analysis was per-
formed that was restricted to surgeons who performed both
navigated and non-navigated THAs. There was no difference in
the rate of all-cause revision between navigated and non-
navigated THAs in this analysis, but there was a lower rate of

revision for dislocation for navigated THAs. The cumulative
percent revision at 10 years, adjusted for age, sex, and head size,
was 0.4% (95%CI, 0.2% to 0.6%) for navigated compared with
0.8 (95% CI, 0.7% to 0.9%) for non-navigated THAs (HR,
0.49; 95% CI, 0.30 to 0.79; p = 0.004).

Discussion

This study, which included patient data from an entire
nation, demonstrated no difference in the rate of all-cause

revision but a lower rate of revision for dislocation in navigated
compared with non-navigated THA. To our knowledge, the
present study is the second largest on computer navigation in
primary THA and has the longest follow-up compared with
similar studies, with a mean follow-up of 3.8 years in the
navigated cohort and 4.4 years in the non-navigated cohort.

The position of the acetabular component is considered to
be crucial in order to gain a good postoperative range of motion.
Malposition can cause impingement and instability, edge-loading
(and associated complications such as accelerated wear of poly-
ethylene, squeaking and catastrophic failure in hard bearings)6-8,18.
“Safe zones” for cup placement have been described by Lewinnek
et al. and are widely followed by hip arthroplasty surgeons19. Cup
placement outside the Lewinnek safe zone has been associatedwith
higher rates of revision and dislocation20,21, underlining the
importance of optimum cup positioning. Although it has been
shown that the use of navigation improves accuracy and precision
of cup placement11,12,14,22-24, few studies have assessed the impact of
navigation in THA on clinical outcomes13,15,25. Lass et al.
performed a follow-up to a randomized controlled trial comparing
THA implanted with imageless computer-assisted navigation or
conventionally25,26. Although the initial trial showed more accurate
positioning of the acetabular component in the navigated THA
group, there was no difference in clinical outcomes or revision rate
at 2-year follow-up. With a group size of 65 patients each, that
study was not powered to investigate differences in revision rate,
and no dislocations were observed in either group.

In a randomized controlled study with a 10-year follow-
up, Parratte et al. reported no difference between navigated and

TABLE I Patient Age, Sex, and Follow-up Duration*

Computer-Navigated
THA (N = 6,912)

Non-Navigated
THA (N = 262,936)

Sex

Male 3,184 (46.1%) 123,224 (46.9%)

Female 3,728 (53.9%) 139,712 (53.1%)

Age (yr) 68.3 ± 10.7 67.6 ± 10.7

Follow-up (yr) 3.76 ± 2.98 4.44 ± 2.96

*Values are given as either the count with the percentage in
parentheses or the mean ± standard deviation.

Fig. 1

Bar graph showing the distribution of head sizes used in computer-

navigated and non-navigated THA.

3

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 00-A d NUMBER 00 d JUNE 18, 2021
COMPUTER NAVIGAT ION IN THA IS ASSOCIATED WITH A REDUCED

RATE OF REV I S ION FOR DISLOCAT ION

Copyright � 2021 by The Journal of Bone and Joint Surgery, Incorporated. Unauthorized reproduction of this article is prohibited.

IN
-P

RESS A
RTIC

LE



non-navigated THA with regard to Harris hip score, acetabular
liner wear, or survivorship, despite having demonstrated
improved cup positioning with the use of navigation27,28. How-
ever, these results do not contradict the finding in the present
study of a lower rate of revision for dislocation in navigated THA
because the study by Parratte et al. included only 30 patients and
was not powered to find differences in rates of revision.

Sugano et al. compared the results of 60 cementless
ceramic-on-ceramic THAs performed with computed tomog-
raphy navigation and 120 non-navigated THAs13. Survival at 13
years was 100% among navigated THAs and 95.6% (95% CI,
88.4% to 98.4%) among non-navigated THAs. Similar to the
present study, the dislocation rate was higher in non-navigated
(8%) compared with navigated THAs (0%), although only
1 acetabular component was revised for dislocation. Revision
was performed in 4 non-navigated THAs, all of which showed
evidence of neck impingement on the ceramic liner. Moreover, 7
other non-navigated THAs showed posterior neck erosion on
radiographs while there were no cases of neck erosion among
navigated THAs. These 11 impingement-related mechanical
complications were correlated with cup malorientation.

In another recent study, Bohl et al. analyzed U.S. Medi-
care claims data for >800,000 primary THAs15. The use of
navigation in THA (1.8% of cases) was only slightly less than
that of the present study (2.6% of cases). The authors showed a
reduced risk of dislocation among navigated (1.0%) compared
with non-navigated THAs (1.7%; HR, 0.69; 95% CI, 0.58 to
0.82; p < 0.001).

Similar to the above, the present study showed a signifi-
cantly lower cumulative percent revision for dislocation (HR,
0.46; 95% CI, 0.29 to 0.74; p = 0.002) among navigated THAs.
Although 10-year revision rates were low in both treatment
cohorts, the difference was significant over the whole period
studied. However, there were differences between studies in
terms of the registry and administrative data sets. The study by
Bohl et al.15 only included patients ‡65 years old, did not have

laterality information, andmay havemissed data on head and/or
liner revisions. In contrast, the present study captured all age
groups undergoing navigated THA, and we are confident that all
revisions were linked to the primary procedure. We were also
able to adjust for femoral head size, an important variable when
analyzing the revision of primary THA. In the present study,
there were more patients in the navigated THA cohort with
femoral head sizes of >32mm than in the non-navigated cohort.

The registry is also aware of prosthesis-specific variation
in revision rates and, by choosing the 5 devicesmost commonly
used with and without navigation, we were able to eliminate
revision rate variation among different implants while still
capturing a large enough data set for comparative analysis of
navigated versus non-navigated THA. When analyzing the 5
most commonly used THA combinations for navigated and
non-navigated THA recorded in the registry, there was a
reduced rate of revision for dislocation in the navigation group.

There were several limitations to the present study. We
did not account for surgeon or hospital volume of THAs per-
formed. Surgeons currently using navigation systems are likely
to be doing a high volume of hip replacements, and therefore
there may be a bias leading toward a lower rate of revision in
the navigated group. However, the AOANJRR shows that
navigation is utilized in THA in more than half the hospitals
performing arthroplasty in Australia, and therefore its use is
not confined to larger academic or tertiary referral hospitals.
Both surgeons who have just started using navigation and those
who have used navigation for some time were included in the
analyses. In a study utilizing AOANJRR data to assess the use of
navigation in TKA, de Steiger et al. found no difference in the
rate of revision between navigated and non-navigated proce-
dures across 4 subgroups stratified by surgeon volume16. We
were unable to perform similar volume-based analyses for
THA because of the much smaller numbers involved. Fur-
thermore, an analysis was performed that was restricted to

Fig. 2

Graph showing the all-cause cumulative percent revision. Gray areas

indicate 95% confidence intervals.

Fig. 3

Graph showing the cumulative percent revision for dislocation. Gray areas

indicate 95% confidence intervals.
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THAs performed by surgeons who performed both navigated
and non-navigated THAs in order to control for surgeon expe-
rience. Like the unrestricted analysis, this subanalysis showed the
same outcome of a lower rate of revision for dislocation among
navigated THAs.

With the study period being from 2009 to 2019, only
about 4% of patients had a 10-year follow-up; however, all HRs
reflect the entire study period because they all met the pro-
portional hazard assumption.

The data utilized in this analysis do not account for
surgical decision-making. Therefore, it is possible that nav-
igation was used in more complex cases or in patients with
spinal-pelvic concerns. However, if anything, this possibility
makes the reduction in revision for dislocation even more clin-
ically relevant.

The AOANJRR only records revisions for dislocation, and
therefore there are dislocations treated with closed reduction
that the registry may not have captured. As improved acetabular
cup position has been shown to reduce dislocation4-8, there may
have been fewer dislocations among navigated THAs, but we
could not be certain of this.

The posterior surgical approach has been linked with a
higher rate of revision for dislocation. In our analysis, we did
not find a difference in the overall rate of revision when
comparing different approaches and had too small a sample to
determine an interaction between navigation and revision for
dislocation according to surgical approach.

The AOANJRR also does not have radiographic data
regarding implant position. Therefore, we cannot comment on
whether navigation led to better cup alignment, and a direct
correlation cannot be made between improved acetabular cup
position through the use of computer navigation and a reduced
rate of revision for dislocation. Although the AOANJRR is
confident that all procedures reported as navigated were nav-
igated, it is possible that a small number of cases were navigated
and not recorded as such.We believe that this would be unlikely
to alter the results of this study. Additionally, complications
such as pin-track infections or fractures that did not result in
revision would not be recorded by the registry. Furthermore,
we were also unable to perform an analysis of the different
navigation systems available in the Australian market. The
confounding variables of different prostheses and different

navigation systems made it difficult to draw any firm conclu-
sion regarding the benefit of a certain brand of navigation.

In conclusion, this study demonstrated a reduced rate of
revision for dislocation among computer-navigated THAs but no
reduction in all-cause revision compared with non-navigated
THAs. However, although this study has the strength of a national
registry representing a national population, we cannot infer cau-
sation. Larger randomized clinical trials are necessary to answer this
question, but the present results suggest that navigation is beneficial,
particularly with regard to avoiding revision for dislocation. n
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12. Kalteis T, Handel M, Bäthis H, Perlick L, Tingart M, Grifka J. Imageless navi-
gation for insertion of the acetabular component in total hip arthroplasty: is it as
accurate as CT-based navigation? J Bone Joint Surg Br. 2006 Feb;88(2):163-7.
13. Sugano N, TakaoM, Sakai T, Nishii T, Miki H. Does CT-based navigation improve
the long-term survival in ceramic-on-ceramic THA? Clin Orthop Relat Res. 2012 Nov;
470(11):3054-9.
14. Snijders T, van Gaalen SM, de Gast A. Precision and accuracy of imageless
navigation versus freehand implantation of total hip arthroplasty: A systematic
review and meta-analysis. Int J Med Robot. 2017 Dec;13(4). Epub 2017 May 29.
15. Bohl DD, Nolte MT, Ong K, Lau E, Calkins TE, Della Valle CJ. Computer-Assisted
Navigation Is Associated with Reductions in the Rates of Dislocation and Acetabular
Component Revision Following Primary Total Hip Arthroplasty. J Bone Joint Surg Am.
2019 Feb 6;101(3):250-6.
16. de Steiger RN, Liu YL, Graves SE. Computer navigation for total knee arthro-
plasty reduces revision rate for patients less than sixty-five years of age. J Bone Joint
Surg Am. 2015 Apr 15;97(8):635-42.
17. Dorr LD, Hishiki Y, Wan Z, Newton D, Yun A. Development of imageless com-
puter navigation for acetabular component position in total hip replacement. Iowa
Orthop J. 2005;25:1-9.
18. Leslie IJ, Williams S, Isaac G, Ingham E, Fisher J. High cup angle and micro-
separation increase the wear of hip surface replacements. Clin Orthop Relat Res.
2009 Sep;467(9):2259-65. Epub 2009 Apr 11.

19. Lewinnek GE, Lewis JL, Tarr R, Compere CL, Zimmerman JR. Dislocations after
total hip-replacement arthroplasties. J Bone Joint Surg Am. 1978Mar;60(2):217-20.
20. Sadhu A, Nam D, Coobs BR, Barrack TN, Nunley RM, Barrack RL. Acetabular
Component Position and the Risk of Dislocation Following Primary and Revision Total
Hip Arthroplasty: A Matched Cohort Analysis. J Arthroplasty. 2017 Mar;32(3):
987-91. Epub 2016 Aug 20.
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