European Journal of Orthopaedic Surgery & Traumatology (2026) 36:51
https://doi.org/10.1007/500590-025-04622-9

RESEARCH ——

®

Check for
updates

The effect of computer guided total hip replacement on risk of
revision, Oxford Hip Score, and health related quality of life: an
analysis of National Joint Registry data

Muhamed M. Farhan-Alanie’ - Daniel Gallacher? - Peter Craig® - James Griffin' - Jakub Kozdryk® - James Mason' -
Peter D. H. Wall>¢ . J. Mark Wilkinson” - Andrew Metcalfe'® - Pedro Foguet*®

Received: 6 September 2025 / Accepted: 28 November 2025
© The Author(s) 2025

Abstract

Background Total hip replacement (THR) can be performed conventionally or with the assistance of computer guidance
systems. We aimed to compare the risk of revision for all-causes and dislocation, and differences in Oxford Hip Score (OHS)
and health-related quality of life (EQ-5D-3L) following primary THR performed conventionally versus with the assistance
of computer guidance systems.

Methods We performed an observational study using National Joint Registry data. Adult patients who underwent primary
THR for osteoarthritis between 2003 and 2020 were included. The co-primary analyses were revision for all-causes and dis-
location. Secondary analyses were differences in OHS and EQ-5D-3L. Weights based on propensity scores were generated.
Cox proportional hazards and generalised linear models were used to assess outcomes of revision, OHS, and EQ-5D-3L.
Effective sample sizes (ESS) were computed.

Results Risk of revision for all-causes comparing computer guided and conventional THR were similar (HR 0.947, 95% CI
0.698-1.283, p=0.726, ESS 7235). However, sensitivity analysis restricting to the five most commonly used combination
of prosthesis brands demonstrated reduced revision risk in favour of computer guidance (HR 0.446, 95% CI 0.231-0.858,
p=0.016, ESS 3993). There was no difference in revision for dislocation between groups (HR 0.929, 95% CI 0.512—1.688,
p=0.810, ESS 7235). Compared to conventional THR, the use of computer guidance increased OHS by 0.931 (95% CI
0.308-1.554, p=0.003, ESS 2112) however there were no differences in EQ-5D-3L (0.007, 95% CI —0.008-0.023, p=0.356,
ESS 2929). Incidence of intra-operative complications was significantly fewer during computer guided THR (0.51% versus
0.96%, p=0.006).

Conclusions There were no differences in revision for all-causes and dislocation between computer guided and conven-
tional THR. However, sensitivity analysis considering only the five most commonly used prosthesis brands demonstrated
a reduced risk of revision for all-causes favouring computer guided THR. Furthermore, computer guidance was associated
with a significant but minimal improvement in OHS and a lower risk of intra-operative complications, without differences
in EQ-5D-3L. Although these findings suggest potential for computer guided THR to improve implant survivorship and
reduce intra-operative complications, they require cautious interpretation given the limitations inherent to observational
study designs and registry based analyses.
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Introduction

Total hip replacement (THR) is established as a very suc-
cessful procedure for improving function and relieving pain
in patients suffering from osteoarthritis [1, 2]. However,
there remains scope for improvement in patient satisfaction
and prosthesis longevity. Approximately 10% of patients
report not being satisfied with the outcome of their pro-
cedure [1, 3] and THR survival is estimated to be 92.19%
(95% confidence interval 92.02 to 92.35) at 18 years post-
operatively [4]. Long term survivorship of prostheses is
particularly relevant due to an increasing life expectancy
and aging population, and their consequential effects on
the incidence of costly revision arthroplasty procedures.
Furthermore, patient reported outcomes following revision
procedures are relatively inferior to those of primary THR
surgery [5-8]. In an attempt to help address these issues,
computer guidance systems have been introduced to allow
the surgeon to assess component positioning with reference
to anatomical landmarks in real time. Compared to conven-
tional surgery that relies on surgeon’s experiential judgment
and anatomic landmarks, relatively improved precision of
component positioning and more consistent restoration of
leg length and appropriate offset can be achieved with the
use of computer guidance systems [9-12]. This may help
to improve hip biomechanics and mitigate the risks of com-
plications such as dislocation and accelerated implant wear
due to component malpositioning. This should theoretically
lead to improved functional outcomes and a reduced risk of
future revision [13—18].

However, uncertainty remains as to whether the hypothe-
sised benefits of computer guided surgery have materialised
clinically. Previous registry-based studies on this topic that
have examined outcomes revision, Oxford Hip Score, and
health-related quality of life did not account for confound-
ing by indication through statistical techniques. Further-
more, these studies were limited by small sample sizes,
short follow-up periods, minimal adjustment for confound-
ing variables, and focussed on a single implant and specific
computer navigation system [19-21]. To address the limita-
tions of previous research, the present study employed pro-
pensity score-based risk adjustment methods to minimise
confounding and aimed to compare the risk of revision for
all-causes and dislocation, and differences in Oxford Hip
Score (OHS) and health-related quality of life (EQ-5D-3L)
following primary THR performed using computer guid-
ance versus conventional technique.
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Methods
Study design and setting

We performed an observational study using data from the
National Joint Registry (NJR) for procedures performed in
England [4], National Health Service (NHS) England Patient
Reported Outcome Measures (PROMs) programme [22],
and Office for National Statistics (ONS) death data [23].
The NJR is a prospective register of primary and revision
arthroplasty procedures. Data is contemporaneously sub-
mitted by the surgeon using a standardised form and has
been mandatory in both the independent and public sectors
since 2003 and 2011 respectively. Since April 2009, NHS
funded patients undergoing elective primary THR in Eng-
land are asked to complete the Oxford Hip Score (OHS) and
Health Related Quality of Life (EQ-5D-3L) patient-reported
outcome questionnaires preoperatively and six months post-
operatively [4]. The OHS measures hip function and pain,
while the EQ-5D-3L assesses quality of life across five
dimensions (mobility, self-care, usual activities, pain/dis-
comfort and anxiety/depression) [24, 25]. As this PROMs
programme is administered by NHS England, the PROMs
analysis was limited to NHS-funded procedures performed
in England.

Participants

All adult patients (=18 years) who underwent primary
THR for osteoarthritis only were eligible for inclusion.
We excluded THR procedures with a metal-on-metal bear-
ing combination due to their known high failure rates [26].
Based on a suggested reporting framework for PROMs, we
analysed pre-operative and post-operative questionnaires
if completed by patients within 18 weeks prior to surgery
and within six to twelve months after surgery, respectively
[4]. Patients who had died or underwent a revision proce-
dure within twelve months of their initial procedure were
excluded from the PROMs analyses, as inability to com-
plete questionnaires or experiencing a revision procedure
may confound their scores [4, 8]. The base dataset provided
for analysis comprised 1,196,317 procedures performed
between 1st April 2003 to 31st December 2020.

Description of treatment/surgery

The exposures were conventional technique versus com-
puter guided THR. Procedures were categorised under their
respective groups based on the surgeon’s selection of these
available options when completing the Minimum Data Set
form after each procedure.
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Descriptive data

The flow of patient data through to data analysis is shown in
Fig. 1. Following exclusions, there were no remaining pro-
cedures recorded using Minimum Data Set Version 1 which
did not capture information on BMI and whether computer
guidance was used.

The characteristics of the patient groups pre-weighing
are shown in Table 1. Most procedures within the data set
were performed using conventional technique (99.57% ver-
sus 0.43%). Median follow up time was relatively shorter
for computer guided THR (4.73 versus 6.07 years). Mean
age and ASA classification of patients were similar between
groups however the computer guided group included a
relatively higher proportion of male patients (43.8% ver-
sus 39.4%). Surgeons performed posterior approach more
commonly when using computer guided systems compared
to conventional technique (78% versus 63.6%). A greater
proportion of conventional THR procedures involved use
of a Metal-on-Polyethylene bearing (62% versus 52.7%).
The most common implant fixation method was cementless
in computer guided THR (59.4%) while most conventional
THR procedures were performed using either cemented
(35.6%) or cementless (39.3%) fixation. A relatively greater

proportion of privately funded procedures involved the use
of computer guidance (40% versus 14.7%). The proportion
of records with missing BMI data were similar between
groups (30.1% versus 30.2%).

Post-weighting, the comparison groups were balanced in
covariate distributions as illustrated in Table 2.

Outcome measures

The co-primary analyses were revision for all-causes and
dislocation following THR performed using computer guid-
ance versus conventional technique.

Secondary analyses included revision for all-causes in
patients aged over and under 60 years, for prosthetic joint
infection, and for causes other than dislocation and pros-
thetic joint infection.

Additional secondary analyses were differences in
patient reported joint function and health-related quality of
life measured using OHS and EQ-5D-3L respectively at six
months post-operatively.

Approximately 30% of THR records within the NJR data-
set lack body mass index (BMI) data, the majority of these
occur in the early years of the NJR. Given this potential con-
founder, we explored the effects of missing data through a

December 2020 (n = 1.196.273)

Linked hip procedure records received from NJR performed between 1 April 2003 and 31
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Fig. 1 Flow diagram illustrating the process of inclusion and exclusion of procedure records
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Table 1 Pre-weighting characteristics of patients undergoing THR

Conventional Computer  Stan-
surgery guidance  dardised
(n=919,391) (n=4,006) mean
difference

Number of revisions 19,799 72 -

Median Observation Time, 6.07 4.73 -

years (revision or censor-

ing) (IQR)

Mean age, years (SD) 69.8 (10.3) 67.6 (10.9) —0.24

Sex

Female 60.6% 56.2% 0.10

Male 39.4% 43.8%

ASA classification

1 13.7% 19.6% -0.21

2 70.1% 70.3%

3 15.7% 10.0%

4 0.4% 0.2%

5 0.0% 0.0%

Position

Lateral 93.4% 95.9% -0.15

Supine 6.6% 4.1%

Approach

Anterior 0.1% 2.6% 0.56

Antero-lateral 1.9% 1.7%

Direct Anterior 0.2% 0.3%

Hardinge 22.3% 5.8%

Hardinge/Anterolateral 4.1% 1.0%

Lateral 3.9% 8.8%

Other 3.7% 1.7%

Posterior 63.6% 78.0%

Trochanteric Osteotomy 0.3% 0.1%

Fixation

Cemented 35.6% 13.4% 0.40

Cementless 39.3% 59.4%

Hybrid 22.2% 26.5%

Reverse Hybrid 2.8% 0.7%

Bearing

Ceramic on Ceramic 14.0% 9.1% —-0.07

Ceramic on Metal 0.2% 0.3%

Ceramic on Polyethylene  23.8% 38.0%

Metal on Ceramic 0.0% 0.0%

Metal on Polyethylene 62.0% 52.7%

Operation funding and hospital setting

Public/Public 60.4% 44.0% 0.71

Public/Private 24.8% 15.9%

Private/Public 1.2% 0.9%

Private/Private 13.5% 39.1%

BMI

Mean (SD) 28.7(5.2) 28.2(4.9) -0.06

Availability (%) 69.9% 69.8%

Mean Surgeon Operations ~ 73.0 (45.1) 115.0 0.94

per year (SD) (62.4)
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Table 2 Post-weighting characteristics of the patients within the com-

parison groups

Conventional surgery Stan-
versus computer dardised
guidance mean
difference

Effective Sample Size 7,235

Mean age, 69.4 vs 69.4 —-0.01

years (SD) (10.2 vs 10.2)

Sex

Female 59.6% vs 59.6% —-0.01

Male 40.4% vs 40.4%

ASA classification

1 16.5% vs 16.5% 0.01

2 69.6% vs 69.6%

3 13.6% vs 13.6%

4 0.3% vs 0.3%

5 0.0% vs 0.0%

Position

Lateral 94.1% vs 93.2% 0.04

Supine 5.9% vs 6.8%

Approach

Anterior 0.1% vs 0.1% 0.02

Antero-lateral 3.5% vs 3.5%

Direct Anterior 0.5% vs 0.5%

Hardinge 8.8% vs 8.8%

Hardinge/Anterolateral 1.8% vs 1.8%

Lateral 8.4% vs 8.4%

Other 3.0% vs 3.0%

Posterior 73.7% vs 73.7%

Trochanteric Osteotomy 0.2% vs 0.2%

Fixation

Cemented 18.7% vs 18.7% 0.04

Cementless 58.9% vs 58.9%

Hybrid 21.7% vs 21.7%

Reverse Hybrid 0.8% vs 0.8%

Bearing

Ceramic on Ceramic 13.6% vs 13.6% —-0.03

Ceramic on Metal 0.2% vs 0.2%

Ceramic on Polyethylene 30.4% vs 30.3%

Metal on Ceramic 0.0% vs 0.0%

Metal on Polyethylene 55.8% vs 55.9%

Operation funding and hospital setting

Public/Public 50.1% vs 50.1% —0.01

Public/Private 25.1% vs 25.1%

Private/Public 1.1% vs 1.1%

Private/Private 23.7% vs 23.7%

BMI

Mean (SD) 28.9 vs 28.2 —0.08
(10.6 vs 5.4)

Mean Surgeon Operations per 87.7vs 87.7 0.04

year (48.6 vs 56.2)

sensitivity analysis that also considered this covariate for
the comparisons revision for all-causes and PROMs [27—
30]. We excluded patients from these analyses whose BMI
values were outside the range of 15 to 65, considering such
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values erroneous. Further sensitivity analyses for revision
for all-causes were conducted exploring the effects of femo-
ral head size (<32 mm, 32 mm,>32 mm) and variations in
implant performance profiles by restricting to the five most
commonly used combination of prosthesis brands, both fac-
tors have been shown to influence revision risk [31, 32].

The occurrence of intra-operative complications between
groups was also investigated.

Statistical analysis

Propensity scores were estimated using a logistic regres-
sion model approach with Sturmer weight trimming to
improve the accuracy and precision of estimates. For revi-
sion outcomes, the covariates were age, sex, American
Society of Anaesthesiologists (ASA) classification, opera-
tion funding, year of surgery, approach, hospital setting
(public or private), bearing, fixation, and surgeon case vol-
ume (defined as the mean number of procedures per year;
analysed as a continuous measure and capped at 200 pro-
cedures/year) [33]. For PROMs outcomes, the latter three
variables were substituted for pre-operative EQ-5D-3L and
OHS scores as they have not been shown to influence these
outcomes [34-36]. Propensity score-based weights were
generated for the patient groups. Standardized mean differ-
ences were examined prior to and following the construc-
tion of weights to assess for covariate imbalance between
groups. These are computed by dividing the difference in
the means of the variable in the two groups by an estimate
of the standard deviation. Larger values indicate that the two
groups are dissimilar, a commonly recommended threshold
value is<0.1 [37]. Revision outcomes were analysed using
Kaplan—Meier survival analysis to account for censoring
due to death or absence of experiencing the revision event.
Cases were censored by date of last follow-up or death as
pre-matched to ONS data by NJR, with additional deaths
identified through subsequent matching to ONS data, which-
ever occurred earliest. A Cox proportional hazards models
was used to assess for differences in revision risk. Propor-
tionality was explored using flexible parametric modelling
to decide the most appropriate approach and comparisons
were performed using likelihood ratio testing [38]. The
data was modelled using restricted cubic splines with three
knots to explore the possibility of a time varying effect of
computer guided surgery. This model was compared to the
equivalent model with no time-varying effect and found no
significant difference (p=0.859). Hence, Cox proportional
hazards models were used, with fixed effects for surgical
technique (computer guided or conventional surgery), sex,
age, year of surgery, and surgeon case volume and stratified
for ASA classification, approach, bearing, fixation, opera-
tion funding and hospital setting to account for potential

non-proportional hazards in these groups. For the PROMs
analyses, the NHS Digital case mix adjustment methodol-
ogy (version three) was used to estimate the expected post-
operative scores [22]. This accounts for several additional
confounders amongst the population such as ethnicity. The
difference between the expected and observed PROMs
change scores between patient groups were analysed using
a generalised linear model. The same statistical approaches
were applied in the sensitivity analyses. Due to few events,
an unadjusted analysis of intra-operative complications was
performed using the Chi-squared test. Revision and mortal-
ity outcomes were expressed using hazard ratios (HR) while
PROMs were expressed using their respective units. Effec-
tive sample sizes (ESS) are provided, reporting a compara-
ble level of statistical power to an unweighted sample [39].
95% confidence intervals (CI) are presented and statistical
significance was set at p<0.05. Analyses were carried out
using Stata (version 16.1, StataCorp LP, College Station,
Texas, USA, 1985-2019).

Results

Revision for all-causes, dislocation, and other
indications

Compared to conventional surgery, the hazard ratio (HR)
for revision for all-causes following computer guided THR
was 0.947 (95% CI 0.698 to 1.283, p=0.726, ESS 7,235)
(Fig. 2). The analyses investigating revision for all-causes
in patients aged below and over 60 years found no differ-
ence between groups (HR 0.543, 95% CI 0.220 to 1.339,
p=0.185, ESS 1,324, and HR 0.839, 95% CI 0.514 to 1.369,
p=0.482, ESS 6,071, respectively) (Figs. 3 and 4).

There were also no differences between computer guided
and conventional THR for analyses investigating revision
for dislocation (HR 0.929, 95% CI1 0.512 to 1.688, p=0.810,
ESS 7,235) (Fig. 5), prosthetic joint infection (HR 0.693,
95% CI 0.304 to 1.580, p=0.384, ESS 7,235) (Fig. 6), and
indications other than dislocation and prosthetic joint infec-
tion (HR 1.00, 95% CI 0.663 to 1.524, p=0.982, ESS 7,235)
(Fig. 7).

The sensitivity analyses for revision for all-causes which
accounted for covariates BMI and femoral head size in the
model found no differences between groups (HR 0.847, 95%
CI10.564 to 1.266, p=0.413, ESS 4,822, and HR 0.748, 95%
CI 0.488 to 1.148, p=0.184, ESS 6909, respectively) (Sup-
plementary Figs. 1 and 2). However, there was a relatively
reduced risk of revision in favour of computer guidance in
the sensitivity analysis restricting to the five most commonly
used combination of prosthesis brands (HR 0.446, 95%
0.231 to 0.858, p=0.016, ESS 3993) (Fig. 8). This analysis

@ Springer
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Kaplan-Meier survival estimates

o
Q —
-
o
O)_ -
o
o
w_ -
o T T T T T
0 5 10 15 20
Years
Number at risk
Computer 1817 1023 366 67 0
Conventional 1816.946 1030.319 378.6359 66.95726 0
Computer Conventional

Fig. 2 Revision for all-causes following primary THR performed using computer guidance versus conventional technique

included the following combination of acetabular and fem-
oral prostheses brands: Trident and Exeter V40 (Stryker),
R3 Cementless and Synergy Cementless (Smith+Nephew),
Pinnacle and Corail (DePuy), R3 Cementless and Polarstem
Cementless (Smith+Nephew), and Trident and Accolade 11
(Stryker).

Health-related quality of life and Oxford Hip Score

Univariable regression analysis of the weighted and case
mix adjusted groups revealed no differences in the change
in EQ-5D scores following THR performed using computer
guidance compared to conventional technique (Table 3). For
OHS, there was a larger improvement observed following
THR performed using computer guidance compared to con-
ventional technique on univariable regression (Table 3).

Results of the sensitivity analysis accounting for BMI in
the model demonstrated similar results to the primary analy-
ses and are shown in supplementary Table 1.

@ Springer

Intra-operative complications

The incidence of intra-operative complications was signifi-
cantly fewer in the computer guided THR group (0.51%
versus 0.96%, p=0.006) (Table 4). There was missing data
for 39,056 procedures.

Discussion

This pragmatic study analysed several linked registry data
sets and accounted for several types of confounding using
propensity score-based risk adjustment statistical techniques
to investigate differences in revision risk, OHS, and EQ-5D
following THR performed using computer guidance com-
pared to conventional technique. The risk of intra-operative
complications was also compared between these two patient
groups. There were no differences in the primary analyses
for revision for all-causes and dislocation comparing these
two surgical methods. However, the sensitivity analysis
which restricted to the five most commonly used combi-
nation of prosthesis brands demonstrated a reduction in
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Kaplan-Meier survival estimates
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Computer 333 167 59 9 0
Conventional 332.8302 169.6326 59.639 8.736051 0
Computer Conventional

Fig.3 Revision for all-causes following primary THR performed using computer guidance versus conventional technique in patients younger than

60 years

revision for all-causes in favour of computer guided THR.
Additionally, there were relatively fewer intra-operative
complications that occurred during computer guided THR.
Although the sensitivity analysis evaluated a smaller sample
size and shorter follow-up period, and the analysis of intra-
operative complications was unadjusted, these findings sug-
gest potential clinical benefits and indicate a possible signal
of effectiveness. In terms of PROMs, there was a greater
improvement in OHS favouring computer guided THR
however this did not exceed the minimum clinically impor-
tant difference of approximately 11 points [40, 41]. For
EQ-5D there were no differences between patient groups.
Few published studies have investigated this topic using
large datasets. Davis et al. [42] analysed the NJR (of Eng-
land and Wales) and PROMs data sets comparing all-cause
revision, OHS, and EQ-5D following computer guided and
conventional THR. Their study found a reduction in all-
cause revision using computer guidance (HR 0.45, 95% CI
0.21 to 0.96, p=0.038) however their results for OHS (40.5,
95% CI 39.7 to 41.2, versus 39.7, 95% CI 39.6 to 39.9;
p=0.11) and EQ-5D (0.814, 95% CI 0.791 to 0.836, versus

0.798, 95% CI1 0.793 to 0.802; p=0.3) were similar between
the two patient groups. In contrast to our study, eligible pro-
cedures were restricted to uncemented and hybrid fixations,
and components of a single manufacturer only. Using the
Australian National Joint registry data set, Agarwal et al.
found a reduced risk of revision for dislocation following
navigated compared to non-navigated THR (HR 0.46; 95%
CI 0.29 to 0.74, p=0.002). However, no difference in revi-
sion for all-causes was observed between groups at the same
timepoint (HR 0.89; 95% CI 0.76 to 1.04, p=0.138) [20].
Similar to our study, the authors also conducted an analysis
including only the five most commonly used acetabular and
femoral components which found a reduced risk of all-cause
revision (HR 0.64; 95% CI 0.48 to 0.86, p=0.003). Differ-
ences in results for revision for dislocation may be attributed
to characteristic differences between patient groups relating
to this complication’s multifactorial aetiology [43—46].
Strengths of our study include the use of a national reg-
istry data set which allowed one of the largest analyses of
computer navigated THR procedures to be performed. Fur-
thermore, patients were followed up over a long period of

@ Springer
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Fig. 4 Revision for all-causes following primary THR performed using computer guidance versus conventional technique in patients older than

60 years

time and procedures were performed by a large group of sur-
geons across many centres meaning our results are reflective
of general practice. The use of propensity scores allowed
comparable patient groups to be generated, accounting for
their probability of receiving either of the interventions
based on a range of variables [47]. This helped improve the
study quality by limiting confounding by indication how-
ever this approach also affected the effective sample sizes
for the analyses. For this reason and the limited use of com-
puter guidance over the study period, our analyses com-
paring revision events were underpowered. A sample size
calculation performed determined that to detect a hazard
ratio of 0.9 in all-cause revision with alpha set at 0.05 and
80% power, assuming 1:1 allocation of participants, would
need 62,850 patients in total to be followed up for 20 years
post-operatively. This large figure and long follow-up period
needed most likely precludes a randomised controlled trial
investigating this outcome, and our study design is therefore
the most feasible to answer this research question by utilis-
ing a large data set due to revision being a rare outcome [48].
In addition to revision outcomes, we also compared PROMs

@ Springer

including OHS and EQ-5D which is another major strength
to our study. The use of NHS Digital case mix adjustment
helped improve the validity of the findings by accounting
for variation in the characteristics and comorbidities of the
population, and which can affect PROMs such as depriva-
tion and depression respectively [22, 49].

It is important to mention the limitations inherent to
an observational study design within the context of our
research. Despite application of a variety of statistical tech-
niques, there remained potential for confounding by indi-
cation given it was not possible to adjust for unmeasured
variables not captured within the NJR dataset such as case
complexity or other factors which may have necessitated
the surgeon to use computer guidance during the procedure.
Moreover, residual confounding cannot be excluded, as
additional factors including spinopelvic alignment, patients’
postoperative expectations and functional demands, and
variations in surgical technique may also have influenced
the observed results. There are also a variety of computer
guidance systems available for use and differential per-
formance between these systems is a possibility. Certain
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Kaplan-Meier survival estimates
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Fig. 5 Revision for dislocation following primary THR performed using computer guidance versus conventional technique

systems are image based requiring cross sectional imag-
ing prior to the operation and this information itself may
have provided additional support to the surgeon perform-
ing the case [50]. Furthermore, certain systems constrain
the surgeon to implant specific prosthesis and which do not
necessarily have established performance profiles [51, 52].
For this reason, we conducted a sensitivity analysis that
explored the effects of revision for all-causes restricting to
the five most commonly used prosthesis brands however
this affected the sample size. There are also some limita-
tions associated with PROMs analyses such as the reduced
generalisability of its findings due to approximately 60% of
procedures overall having missing data [4]. Although there
was a slightly greater proportion of missing PROMs data in
the computer guided patient group, this is unlikely to be due
to dissatisfaction with the outcome of their THR [53].

Conclusions

Our study did not find definitive evidence of a reduction
in revision risk or clinically meaningful improvements in
patient reported outcomes following THR using computer
navigation technology compared to conventional technique.
However, a reduced risk of intraoperative complications
was observed in the computer guided group, although this
finding is based on an unadjusted analysis. In a sensitivity
analysis limited to the five most commonly used combina-
tion of prosthesis brands, we found a reduction in revision
risk in favour of computer guided THR. However, this find-
ing pertains to a specific subset of patients and is limited
by a smaller sample size and shorter follow up duration,
which precludes definitive conclusions to support a change
in clinical practice. Nonetheless, both this finding and that
of intra-operative complications indicate early signals of
effectiveness, which support the need for further research
using larger cohorts and extended follow up. The modest
improvement in OHS with the use of computer navigation
was not clinically meaningful, and there were no differences
found for EQ-5D. It is important to interpret our findings

@ Springer



51 Page 10 of 15 European Journal of Orthopaedic Surgery & Traumatology (2026) 36:51

Kaplan-Meier survival estimates
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Fig. 6 Revision for prosthetic joint infection following primary THR performed using computer guidance versus conventional technique

considering the study’s limitations, including those inherent
to an observational design, particularly the potential for con-
founding, as well as the constraints associated with analyses
of large registry datasets. Lastly, it is important to mention
that the evaluation of a new technology presents challenges
when its content and methods are not static but continue
to evolve. Retrospective cohort analyses such as this study
inevitably evaluate the past rather than the present. While an
effective summary of currently available evidence is impor-
tant, the authors acknowledge it is unlikely that computer
guided surgery technologies have reached final maturity.
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Kaplan-Meier survival estimates
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Fig. 7 Revision for indications other than dislocation and prosthetic joint infection following primary THR performed using computer guidance
versus conventional technique

@ Springer



51 Page 12 of 15

European Journal of Orthopaedic Surgery & Traumatology

(2026) 36:51

1.00

0.90

Kaplan-Meier survival estimates

S

(@)
oo

o T T T T T

0 5 10 15 20
Years

Number at risk

Computer 1019 445 102 1 0

Conventional 1019.305 449.3226 101.8125 1.298088 0

Computer Conventional

Fig. 8 Revision for all-causes following primary THR performed using computer guidance versus conventional technique when restricting to the
five most commonly used combination of prosthesis brands

Table 3 Pre- and post-operative OHS and EQ-5D scores, and regres-
sion analysis comparing conventional surgery to computer guidance. #
weighted and case mix adjusted *indicates constant term in regression

Table 4 Intra-operative complications that occurred among the patient
groups

model

Conventional Computer
surgery guidance
Mean (SD) or Mean (SD) or
Mean (95% CI;  Mean (95% CI; p
p value) value)
EQ5D: n 302,859 935
(unweighted)
Mean weighted pre-oper- 0.371 (0.317) 0.371 (0.314) and
ative and post-operative and 0.813 0.820 (0.235)
scores (SD) (0.235)
Univariable # * +0.007 (—0.008 to
[ESS] 0.023; p=0.356)
[2929]
OHS: n 328,634 1,001
(unweighted)
Mean weighted pre-opera- 18.570 (8.063)  18.569 (7.966)
tive and post-operative (SD) and 40.354 and 40.945
(8.340) (8.389)

Univariable #
[ESS]

*

+0.931 (0.308 to
1.554; p=0.003)
[2112]

@ Springer

Conventional surgery ~ Computer
(n=880,807) guidance
(n=3,534)

None 872,205 (99.0%) 3516 (99.5%)
Calcar Crack 2,842 (0.3%) 4 (0.1%)
Pelvic Penetration 981 (0.1%) 2 (<0.1%)
Shaft Fracture 418 (<0.1%) 1 (<0.1%)
Shaft Penetration 135 (<0.1%) 1 (<0.1%)
Trochanteric Fracture 1,534 (0.2%) 7 (0.2%)
Other 2,692 (0.3%) 3 (<0.1%)
Supplementary Information The online  version  contains

supplementary material available at https://doi.org/10.1007/s00590-0

25-04622-9.

Acknowledgements We thank the patients and staff of all the hospi-
tals who have contributed data to the National Joint Registry. We are
grateful to the Healthcare Quality Improvement Partnership (HQIP),
the NJR Research Committee and staff at the NJR for facilitating this
work. The authors have conformed to the NJR’s standard protocol for
data access and publication. The views expressed represent those of the
authors and do not necessarily reflect those of the National Joint Reg-
istry Steering Committee, Research Sub-committee or the Healthcare


https://doi.org/10.1007/s00590-025-04622-9
https://doi.org/10.1007/s00590-025-04622-9

European Journal of Orthopaedic Surgery & Traumatology

(2026) 36:51

Page 13 0of 15 51

Quality Improvement Partnership (HQIP) who do not vouch for how
the information is presented. Data sharing: Access to data is available
from The National Joint Registry (NJR), but restrictions apply to the
availability of these data, which were used under license for the current
study, and are therefore not publicly available. Data access applica-
tions can be made to the NJR Research Committee. The authors thank
the patients and staff of all of the hospitals that have contributed data to
the National Joint Registry. We are grateful to the Healthcare Quality
Improvement Partnership (HQIP), the NJR Research Committee, and
staff at the NJR for facilitating this work.

Author contributions Muhamed M Farhan-Alanie, MRCS (Concep-
tualization; Funding acquisition; Investigation; Methodology; Project
administration; Writing—original draft; Writing—review & editing)
Daniel Gallacher, PhD (Formal analysis; Investigation; Methodol-
ogy; Writing—review & editing) Peter Craig, FRCS (Methodology;
Writing—review & editing) James Griffin, PhD (Methodology; Writ-
ing—review & editing) Jakub Kozdryk, FRCS (Methodology; Writ-
ing—review & editing) James Mason, PhD (Methodology; Supervi-
sion; Writing—review & editing) Peter DH Wall, PhD (Methodology;
Writing—review & editing) J Mark Wilkinson, PhD (Methodology;
Supervision; Writing—review & editing) Andrew John Metcalfe, PhD
(Conceptualization; Methodology; Supervision; Writing —review &
editing) Pedro Foguet, FRCS (Conceptualization; Investigation; Meth-
odology; Supervision; Visualization; Writing—review & editing).

Funding This study was funded by the University of Warwick Re-
search Development Fund. The funder had no role in the study design,
data collection, data analysis, data interpretation, or writing of the final
report.

Declarations

Conflict of interest The authors declare that they have no conflict of
interests. AM leads two studies (START:REACTS, about a shoulder
device, and RACER-Knee, about robotic-assisted knee replacement)
and is a co-investigator on another (RACER-Hip, about robotic-assist-
ed hip replacement). PW leads RACER-Hip (about robotic-assisted
hip replacement). These studies are funded by the UK National Insti-
tute for Health Research (NIHR), but for which Stryker, have funded
treatment costs and some imaging and training costs. JM is also a co-
applicant for these three studies. For all of these studies, the full inde-
pendence of the study team (AM, PW, and JM included) are fully pro-
tected by legal agreements agreed between the parties and approved
by NIHR.

Ethical approval With support under Section 251 of the NHS Act
2006, the Ethics and Confidentiality Committee (ECC), (now the
Health Research Authority Confidentiality Advisory Group) allows
the NJR to collect patient data where consent is indicated as ‘Not Re-
corded’. Before Personal Data and Sensitive Personal Data is recorded,
express written patient consent is provided. The NJR records patient
consent as either ‘Yes’, ‘No’, or ‘Not Recorded’.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted

use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1. Sabah SA, Knight R, Alvand A et al (2022) Early patient-reported
outcomes from primary hip and knee arthroplasty have improved
over the past seven years : an analysis of the NHS PROMs data-
set. Bone Joint J 104-B:687—695. https://doi.org/10.1302/0301-6
20X.104B6.BJJ-2021-1577.R1

2. Learmonth ID, Young C, Rorabeck C (2007) The operation of the
century: total hip replacement. Lancet 370:1508—-1519. https://do
1.0rg/10.1016/S0140-6736(07)60457-7

3. Hamilton DF, Lane JV, Gaston P et al (2013) What determines
patient satisfaction with surgery? A prospective cohort study
of 4709 patients following total joint replacement. BMJ Open
3:e002525. https://doi.org/10.1136/bmjopen-2012-002525

4. NIJR Steering Committee (2022) National Joint Registry for Eng-
land, Wales, Northern Ireland and the Isle of Man: 19th annual
report. Hemel Hempstead: National Joint Registry Centre, 2022.

5. Vanhegan IS, Malik AK, Jayakumar P et al (2012) A financial
analysis of revision hip arthroplasty: the economic burden in rela-
tion to the national tariff. J Bone Joint Surg Br 94:619-623. https
://doi.org/10.1302/0301-620X.94B5.27073

6. Janssen F, Bardoutsos A, El Gewily S et al (2021) Future life
expectancy in Europe taking into account the impact of smoking,
obesity, and alcohol. Elife. https://doi.org/10.7554/eLife.66590

7. Patel A, Pavlou G, Mujica-Mota RE et al (2015) The epidemiol-
ogy of revision total knee and hip arthroplasty in England and
Wales: a comparative analysis with projections for the United
States. A study using the National Joint Registry dataset. Bone
Joint J 97-B:1076-1081. https://doi.org/10.1302/0301-620X.97B
8.35170

8.  Koutalos AA, Varitimidis S, Malizos KN et al (2022) Revision
total hip arthroplasty for aseptic loosening compared with pri-
mary total hip arthroplasty for osteoarthritis: long-term clinical,
functional and quality of life outcome data. Hip Int. https://doi.or
2/10.1177/11207000221115354

9. Kunze KN, Bovonratwet P, Polce EM et al (2022) Comparison of
surgical time, short-term adverse events, and implant placement
accuracy between manual, robotic-assisted, and computer-navi-
gated total hip arthroplasty: a network meta-analysis of random-
ized controlled trials. JAAOS Global Res Rev 6:¢21.00200. https
://doi.org/10.5435/JAAOSGlobal-D-21-00200

10. Licini DJ, Burnikel DJ, Meneghini RM et al (2013) Comparison
of limb-length discrepancy after THA: with and without com-
puter navigation. Orthopedics 36:¢543-7. https://doi.org/10.3928/
01477447-20130426-13

11. Ellapparadja P, Mahajan V, Atiya S et al (2016) Leg length dis-
crepancy in computer navigated total hip arthroplasty - how accu-
rate are we? Hip Int 26:438—443. https://doi.org/10.5301/hipint.5
000368

12. Ellapparadja P, Mahajan V, Deakin AH et al (2015) Reproduction
of hip offset and leg length in navigated total hip arthroplasty:
how accurate are we? J Arthroplasty 30:1002—1007. https://doi.o
rg/10.1016/j.arth.2015.01.027

13. Lewinnek GE, Lewis JL, Tarr R et al (1978) Dislocations after
total hip-replacement arthroplasties. J Bone Joint Surg Am
60:217-220

14. Little NJ, Busch CA, Gallagher JA et al (2009) Acetabular poly-
ethylene wear and acetabular inclination and femoral offset. Clin
Orthop Relat Res 467:2895-2900. https://doi.org/10.1007/s1199
9-009-0845-3

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1302/0301-620X.104B6.BJJ-2021-1577.R1
https://doi.org/10.1302/0301-620X.104B6.BJJ-2021-1577.R1
https://doi.org/10.1016/S0140-6736(07)60457-7
https://doi.org/10.1016/S0140-6736(07)60457-7
https://doi.org/10.1136/bmjopen-2012-002525
https://doi.org/10.1302/0301-620X.94B5.27073
https://doi.org/10.1302/0301-620X.94B5.27073
https://doi.org/10.7554/eLife.66590
https://doi.org/10.1302/0301-620X.97B8.35170
https://doi.org/10.1302/0301-620X.97B8.35170
https://doi.org/10.1177/11207000221115354
https://doi.org/10.1177/11207000221115354
https://doi.org/10.5435/JAAOSGlobal-D-21-00200
https://doi.org/10.5435/JAAOSGlobal-D-21-00200
https://doi.org/10.3928/01477447-20130426-13
https://doi.org/10.3928/01477447-20130426-13
https://doi.org/10.5301/hipint.5000368
https://doi.org/10.5301/hipint.5000368
https://doi.org/10.1016/j.arth.2015.01.027
https://doi.org/10.1016/j.arth.2015.01.027
https://doi.org/10.1007/s11999-009-0845-3
https://doi.org/10.1007/s11999-009-0845-3

51

Page 14 of 15

European Journal of Orthopaedic Surgery & Traumatology

(2026) 36:51

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Schmalzried TP, Shepherd EF, Dorey FJ et al (2000) The John
Charnley Award. Wear is a function of use, not time. Clin Orthop
Relat Res. https://doi.org/10.1097/00003086-200012000-00005
Cassidy KA, Noticewala MS, Macaulay W et al (2012) Effect of
femoral offset on pain and function after total hip arthroplasty. J
Arthroplasty 27:1863—1869. https://doi.org/10.1016/j.arth.2012.0
5.001

Kurtz WB, Ecker TM, Reichmann WM et al (2010) Factors
affecting bony impingement in hip arthroplasty. J Arthroplasty
25(624-34):e1-2. https://doi.org/10.1016/j.arth.2009.03.024
Malik A, Maheshwari A, Dorr LD (2007) Impingement with total
hip replacement. J Bone Joint Surg Am 89:1832—1842. https://do
1.org/10.2106/JBJS.F.01313

Davis ET, McKinney KD, Kamali A et al (2021) Reduced risk
of revision with computer-guided versus non-computer-guided
THA: an analysis of manufacturer-specific data from the National
Joint Registry of England, Wales, Northern Ireland and the Isle of
Man. JBJS Open Access 6:e21. https://doi.org/10.2106/JBJS.OA.
21.00006

Agarwal S, Eckhard L, Walter WL et al (2021) The use of com-
puter navigation in total hip arthroplasty is associated with a
reduced rate of revision for dislocation: a study of 6,912 navi-
gated THA procedures from the Australian Orthopaedic Associa-
tion National Joint Replacement Registry. J Bone Joint Surg Am
103:1900-1905. https://doi.org/10.2106/JBJS.20.00950

Lourens EC, Kurmis AP, Holder C et al (2022) Early revision
rates of total hip arthroplasty using the Intellijoint HIP computer
navigation system: a study from the Australian National Joint
Replacement Registry of 1911 procedures. Arthroplasty Today
18:149-156. https://doi.org/10.1016/j.artd.2022.09.019

NHS Digital. PROMs Methodologies 2024 [cited 2024 17th Feb-
ruary]. Available from: https://digital.nhs.uk/data-and-informatio
n/data-tools-and-services/data-services/patient-reported-outcome
-measures-proms/proms-methodologies#case-mix.

NHS Digital. ONS Mortality Data 2024 [cited 2024 17th Febru-
ary]. Available from: https://digital.nhs.uk/data-and-information/
data-tools-and-services/data-services/linked-hes-ons-mortality-d
ata.

EuroQol G (1990) EuroQol-a new facility for the measurement
of health-related quality of life. Health Policy 16:199-208. https:
//doi.org/10.1016/0168-8510(90)90421-9

Dawson J, Fitzpatrick R, Carr A et al (1996) Questionnaire on the
perceptions of patients about total hip replacement. J Bone Joint
Surg Br 78:185-190

Smith AJ, Dieppe P, Vernon K et al (2012) Failure rates of
stemmed metal-on-metal hip replacements: analysis of data
from the National Joint Registry of England and Wales. Lancet
379:1199-1204. https://doi.org/10.1016/S0140-6736(12)60353-5
Peters RM, van Steenbergen LN, Stewart RE et al (2020) Patient
characteristics influence revision rate of total hip arthroplasty:
American society of Anesthesiologists score and body mass index
were the strongest predictors for short-term revision after primary
total hip arthroplasty. J Arthroplasty 35(188-92):e2. https://doi.or
2/10.1016/j.arth.2019.08.024

Sayed-Noor AS, Mukka S, Mohaddes M et al (2019) Body
mass index is associated with risk of reoperation and revision
after primary total hip arthroplasty: a study of the Swedish Hip
Arthroplasty Register including 83,146 patients. Acta Orthop
90:220-225. https://doi.org/10.1080/17453674.2019.1594015
Issa K, Harwin SF, Malkani AL et al (2016) Bariatric orthopae-
dics: total hip arthroplasty in super-obese patients (Those with a
BMI of >/=50 kg/m2). ] Bone Joint Surg Am 98:180-185. https:/
/doi.org/10.2106/JBJS.0.00474

Murgatroyd SE, Frampton CM, Wright MS (2014) The effect
of body mass index on outcome in total hip arthroplasty: early

@ Springer

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

analysis from the New Zealand Joint Registry. J Arthroplasty
29:1884-1888. https://doi.org/10.1016/j.arth.2014.05.024

van Steenbergen LN, de Reus IM, Hannink G et al (2023) Femo-
ral head size and surgical approach affect dislocation and overall
revision rates in total hip arthroplasty: up to 9-year follow-up
data of 269,280 procedures in the Dutch Arthroplasty Register
(LROI). Hip Int 33:1056-1062. https://doi.org/10.1177/1120700
0231160223

Evans JT, Blom AW, Timperley AJ et al (2020) Factors associated
with implant survival following total hip replacement surgery: a
registry study of data from the National Joint Registry of Eng-
land, Wales, Northern Ireland and the Isle of Man. PLoS Med
17:¢1003291. https://doi.org/10.1371/journal.pmed.1003291
Sayers A, Steele F, Whitehouse MR et al (2020) Association
between surgical volume and failure of primary total hip replace-
ment in England and Wales: findings from a prospective national
joint replacement register. BMJ Open 10:¢033045. https://doi.org
/10.1136/bmjopen-2019-033045

Jolback P, Rolfson O, Mohaddes M et al (2018) Does surgeon
experience affect patient-reported outcomes 1 year after primary
total hip arthroplasty? Acta Orthop 89:265-271. https://doi.org/1
0.1080/17453674.2018.1444300

Hu D, Tie K, Yang X et al (2015) Comparison of ceramic-on-
ceramic to metal-on-polyethylene bearing surfaces in total hip
arthroplasty: a meta-analysis of randomized controlled trials. J
Orthop Surg Res 10:22. https://doi.org/10.1186/s13018-015-016
3-2

Oakley CT, Arraut J, Lygrisse K et al (2023) The effect of surgeon
and hospital volume on total hip arthroplasty patient-reported
outcome measures: an American Joint Replacement Registry
study. J] Am Acad Orthop Surg 31:205-211. https://doi.org/10.5
435/JAAOS-D-22-00525

Stuart EA, Lee BK, Leacy FP (2013) Prognostic score-based bal-
ance measures can be a useful diagnostic for propensity score
methods in comparative effectiveness research. J Clin Epidemiol
66:584-S90 el. https://doi.org/10.1016/j.jclinepi.2013.01.013
Lambert PC, Royston P (2009) Further development of flexible
parametric models for survival analysis. Stata J 9:265-290
Burgette JM, Preisser JS, Rozier RG (2016) Propensity score
weighting: an application to an Early Head Start dental study. J
Public Health Dent 76:17-29. https://doi.org/10.1111/jphd.12106
Beard DJ, Harris K, Dawson J et al (2015) Meaningful changes
for the Oxford hip and knee scores after joint replacement sur-
gery. J Clin Epidemiol 68:73-79. https://doi.org/10.1016/j.jclinep
1.2014.08.009

Yeo MGH, Goh GS, Chen JY et al (2020) Are Oxford Hip Score
and western Ontario and McMaster universities osteoarthritis
index useful predictors of clinical meaningful improvement and
satisfaction after total hip arthroplasty? J Arthroplasty 35:2458—
2464. https://doi.org/10.1016/j.arth.2020.04.034

Davis ET, McKinney KD, Kamali A, et al. (2021) Reduced Risk
of Revision with Computer-Guided Versus Non-Computer-
Guided THA: An Analysis of Manufacturer-Specific Data from
the National Joint Registry of England, Wales, Northern Ireland
and the Isle of Man. JB JS Open Access 6: https://doi.org/10.210
6/JBJS.0A.21.00006

Kunutsor SK, Barrett MC, Beswick AD et al (2019) Risk factors
for dislocation after primary total hip replacement: meta-analysis
of 125 studies involving approximately five million hip replace-
ments. Lancet Rheumatol 1:e111-e121. https://doi.org/10.1016/s
2665-9913(19)30045-1

Buckland AJ, Puvanesarajah V, Vigdorchik J et al (2017) Dis-
location of a primary total hip arthroplasty is more common in
patients with a lumbar spinal fusion. Bone Joint J 99-B:585-591.
https://doi.org/10.1302/0301-620X.99B5.BJJ-2016-0657.R1


https://doi.org/10.1016/j.arth.2014.05.024
https://doi.org/10.1177/11207000231160223
https://doi.org/10.1177/11207000231160223
https://doi.org/10.1371/journal.pmed.1003291
https://doi.org/10.1136/bmjopen-2019-033045
https://doi.org/10.1136/bmjopen-2019-033045
https://doi.org/10.1080/17453674.2018.1444300
https://doi.org/10.1080/17453674.2018.1444300
https://doi.org/10.1186/s13018-015-0163-2
https://doi.org/10.1186/s13018-015-0163-2
https://doi.org/10.5435/JAAOS-D-22-00525
https://doi.org/10.5435/JAAOS-D-22-00525
https://doi.org/10.1016/j.jclinepi.2013.01.013
https://doi.org/10.1111/jphd.12106
https://doi.org/10.1016/j.jclinepi.2014.08.009
https://doi.org/10.1016/j.jclinepi.2014.08.009
https://doi.org/10.1016/j.arth.2020.04.034
https://doi.org/10.2106/JBJS.OA.21.00006
https://doi.org/10.2106/JBJS.OA.21.00006
https://doi.org/10.1016/s2665-9913(19)30045-1
https://doi.org/10.1016/s2665-9913(19)30045-1
https://doi.org/10.1302/0301-620X.99B5.BJJ-2016-0657.R1
https://doi.org/10.1302/0301-620X.99B5.BJJ-2016-0657.R1
https://doi.org/10.1097/00003086-200012000-00005
https://doi.org/10.1016/j.arth.2012.05.001
https://doi.org/10.1016/j.arth.2012.05.001
https://doi.org/10.1016/j.arth.2009.03.024
https://doi.org/10.2106/JBJS.F.01313
https://doi.org/10.2106/JBJS.F.01313
https://doi.org/10.2106/JBJS.OA.21.00006
https://doi.org/10.2106/JBJS.OA.21.00006
https://doi.org/10.2106/JBJS.20.00950
https://doi.org/10.1016/j.artd.2022.09.019
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/patient-reported-outcome-measures-proms/proms-methodologies#case-mix
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/patient-reported-outcome-measures-proms/proms-methodologies#case-mix
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/patient-reported-outcome-measures-proms/proms-methodologies#case-mix
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/linked-hes-ons-mortality-data
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/linked-hes-ons-mortality-data
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/linked-hes-ons-mortality-data
https://doi.org/10.1016/0168-8510(90)90421-9
https://doi.org/10.1016/0168-8510(90)90421-9
https://doi.org/10.1016/S0140-6736(12)60353-5
https://doi.org/10.1016/j.arth.2019.08.024
https://doi.org/10.1016/j.arth.2019.08.024
https://doi.org/10.1080/17453674.2019.1594015
https://doi.org/10.2106/JBJS.O.00474
https://doi.org/10.2106/JBJS.O.00474

European Journal of Orthopaedic Surgery & Traumatology

(2026) 36:51

Page 150f 15 51

45.

46.

47.

48.

49.

50.

Werner BC, Brown TE (2012) Instability after total hip arthro-
plasty. World J Orthop 3:122-130. https://doi.org/10.5312/wjo.v
3.8.122

Brooks PJ (2013) Dislocation following total hip replacement:
causes and cures. Bone Joint J 95-B:67-69. https://doi.org/10.13
02/0301-620X.95B11.32645

Desai RJ, Franklin JM (2019) Alternative approaches for con-
founding adjustment in observational studies using weighting
based on the propensity score: a primer for practitioners. BMJ
367:15657. https://doi.org/10.1136/bmj.15657

Baker PN, Jeyapalan R, Jameson SS (2023) The value of national
arthroplasty registry data in 2023. Bone Joint J 105-B:356-360. h
ttps://doi.org/10.1302/0301-620x.105b4.bjj-2022-1190.12

Judge A, Arden NK, Cooper C et al (2012) Predictors of out-
comes of total knee replacement surgery. Rheumatology (Oxford)
51:1804—-1813. https://doi.org/10.1093/rheumatology/kes075
Ecker TM, Tannast M, Murphy SB (2007) Computed tomog-
raphy-based surgical navigation for hip arthroplasty. Clinical
Orthopaedics and Related Research® 465:

Authors and Affiliations

SI.

52.

53.

Wilton T, Skinner JA, Haddad FS (2023) Camouflage uncovered:
what should happen next? Bone Joint J 105-B:221-226. https://d
0i.org/10.1302/0301-620X.105B3.BJJ-2023-0145

Phillips JRA, Tucker K (2021) Implant brand portfolios, the
potential for camouflage of data, and the role of the orthopaedic
data evaluation panel in total knee arthroplasty. Bone Joint J 103-
B:1555-1560. https://doi.org/10.1302/0301-620X.103B10.BJJ-2
021-0284.R1

Ross LA, O’Rourke SC, Toland G et al (2022) Loss to patient-
reported outcome measure follow-up after hip arthroplasty and
knee arthroplasty : patient satisfaction, associations with non-
response, and maximizing returns. Bone Jt Open 3:275-283. http
s://doi.org/10.1302/2633-1462.34.BJ0-2022-0013.R1

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Muhamed M. Farhan-Alanie’ - Daniel Gallacher? - Peter Craig® - James Griffin - Jakub Kozdryk® - James Mason' -
Peter D. H. Wall>® . J. Mark Wilkinson” - Andrew Metcalfe'® . Pedro Foguet*®

<] Muhamed M. Farhan-Alanie

ul874544@live.warwick.ac.uk

Daniel Gallacher
d.gallacher@bham.ac.uk

Peter Craig
peter.craig@nhs.net

James Griffin
James.Griffin@live.warwick.ac.uk

Jakub Kozdryk
Jakub.Kozdryk@uhcw.nhs.uk

James Mason
J.Mason@live.warwick.ac.uk

Peter D. H. Wall
pdhwall@gmail.com

J. Mark Wilkinson
j-m.wilkinson@sheffield.ac.uk

Andrew Metcalfe
A Metcalfe@live.warwick.ac.uk

Pedro Foguet

pedro.foguet@uhcw.nhs.uk

University of Warwick, Coventry, UK

University of Birmingham, Birmingham, UK
Worcestershire Acute Hospitals NHS Trust, Worcester, UK

University Hospitals Coventry and Warwickshire NHS Trust,
Coventry, UK

The Royal Orthopaedic Hospital NHS Foundation Trust,
Birmingham, UK

University of Warwick, Coventry, UK

School of Medicine and Population Health, The University of
Sheffield, Sheffield, UK

University Hospitals Coventry and Warwickshire NHS Trust,
Coventry, UK

@ Springer


https://doi.org/10.1302/0301-620X.105B3.BJJ-2023-0145
https://doi.org/10.1302/0301-620X.105B3.BJJ-2023-0145
https://doi.org/10.1302/0301-620X.103B10.BJJ-2021-0284.R1
https://doi.org/10.1302/0301-620X.103B10.BJJ-2021-0284.R1
https://doi.org/10.1302/2633-1462.34.BJO-2022-0013.R1
https://doi.org/10.1302/2633-1462.34.BJO-2022-0013.R1
https://doi.org/10.5312/wjo.v3.i8.122
https://doi.org/10.5312/wjo.v3.i8.122
https://doi.org/10.1302/0301-620X.95B11.32645
https://doi.org/10.1302/0301-620X.95B11.32645
https://doi.org/10.1136/bmj.l5657
https://doi.org/10.1302/0301-620x.105b4.bjj-2022-1190.r2
https://doi.org/10.1302/0301-620x.105b4.bjj-2022-1190.r2
https://doi.org/10.1093/rheumatology/kes075

	﻿The effect of computer guided total hip replacement on risk of revision, Oxford Hip Score, and health related quality of life: an analysis of National Joint Registry data
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and setting
	﻿Participants
	﻿Description of treatment/surgery
	﻿Descriptive data
	﻿Outcome measures
	﻿Statistical analysis

	﻿Results
	﻿Revision for all-causes, dislocation, and other indications
	﻿Health-related quality of life and Oxford Hip Score
	﻿Intra-operative complications

	﻿Discussion
	﻿Conclusions
	﻿References


