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Abstract
Purpose  Compare patient-reported outcome measures (PROMs) of two cemented implants in primary total hip arthroplasty 
(THA) for osteoarthritis in a New Zealand regional joint registry. Identify patient predictors of poorer PROMs.
Methods  We analysed observational data from primary THA surgeries for osteoarthritis performed between 1 January 2003 
and 30 June 2023, with at least one recorded PROM (n = 1365) from a regional joint registry. We compared preoperative, 
1-year, 5-year, and 10-year PROMs in the cemented, highly crosslinked polyethylene Exeter® X3 Rimfit cup (Rimfit) and its 
conventional polyethylene predecessor, the Exeter® Contemporary Flanged cup (ECF) with the same cemented Exeter® V40 
stem. We investigated six patient factors and their influence on physical function, and mental and physical health PROMs.
Results  No significant difference in physical function PROMs were noted between implants at any timepoint. Both implant 
combinations exhibited excellent (> 41) mean postoperative Oxford hip scores based on published thresholds (Rimfit: mean 
41.30 ± SD 8.46; ECF: mean 41.64 ± SD 8.67). Mental health was significantly better preoperatively and at 1-year and 5-year 
with the Rimfit based on Veterans RAND 12-Item Health Survey. Public funding was a significant and clinically meaningful 
predictor of poorer preoperative outcomes in all PROMs and in both cohorts, followed by comorbidity status. The strongest 
significant predictor of poorer postoperative PROMs was poorer preoperative PROMs, followed by Māori ethnicity.
Conclusion  Both implant combinations demonstrated similar PROMs up to 10 years, but the Rimfit exhibited superior men-
tal health. Public funding, comorbidity status, and Māori ethnicity were predictors of statistically significant and clinically 
meaningful poorer preoperative and postoperative PROMs.
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Introduction

Total hip arthroplasty (THA) is widely performed, highly 
successful, and significantly improves quality of life in 
patients with advanced hip osteoarthritis [1]. While lit-
erature has traditionally focused on implant survival and 
radiographic outcomes [2], there is a growing emphasis 
on patient-reported outcome measures (PROMs) as critical 
success indicators of hip arthroplasty [3, 4]. When new or 
upgraded implants are introduced, they are often assumed 
to perform at least as well as their predecessors, and stud-
ies rightly focus on survivorship. However, it remains to be 
determined whether they offer comparable patient-reported 
clinical benefit over time, despite survival outcomes.

The Exeter® Contemporary Flanged cup (ECF) was the 
most popular cemented cup in New Zealand (NZ) until the 
introduction of the Exeter® X3 Rimfit cup (Rimfit) in 2010, 
which was intended to improve wear [5] with the introduc-
tion of highly-crosslinked polyethylene. A single centre 
study (n = 108) reported excellent (> 41) [6] 10-year ECF 
Oxford hip scores, with a median OHS of 43 out of 48 [7]; 
and a 15-year NZ regional joint registry study on the ECF 
(n = 263) reported a good (34–41) [6] mean OHS score of 
39.5 ± 9.58 [8] (mean ± SD).The Rimfit has also performed 
well in studies, exhibiting a good mean OHS [6] of 38.5 ± 7.9 
(n = 178) at 6 months and an excellent [6] score of 42.4 ± 6.2 
(n = 44) at 5 years in a NZ regional joint registry study in 
elderly patients [9].

Our recent study identified no evidence of significant dif-
ferences in survival, or reasons for revision between these 
two cemented implants [10], and while van Winterswijk et 
al. [11] identify good-to-excellent OHS outcomes based on 
published thresholds [12], in both implants, comparison 
only compared 6 months and 5 years (n = 261). No differ-
ence in short- and medium-term PROMs was noted, yet no 
predictors of outcomes or long-term outcomes were inves-
tigated. To address this gap, we compared PROMs up to 10 
years between the implants using a relatively large NZ joint 
registry dataset (n = 1339) and investigated the influence of 
six patient characteristics on PROM outcomes.

Materials and methods

Data source and collection

Anonymised, prospectively collected PROM data of all 
cemented primary THAs for osteoarthritis performed 
between 1 January 2003 and 30 June 2023 (ECF 2003–2013, 
Rimfit 2010–2023) in the Bay of Plenty region of NZ were 
retrieved in January 2024 from the Tauranga Orthopaedic 
Research (TOR) regional joint registry. TOR is a non-profit 

organisation that maintains a registry of all Bay of Plenty 
joint arthroplasty surgeries separate from the NZ National 
Joint registry. With consent, patient data are entered into 
SOCRATES software (version 3.5.8.26 10150). The OHS, 
Western Ontario and McMaster Universities Osteoarthri-
tis Index (WOMAC), and Veterans RAND 12-Item Health 
Survey (VR-12) physical and mental scores are routinely 
collected preoperatively and at 1-year, 5-year, and every 
5 years thereafter. The University of Waikato’s Human 
Research Ethics Committee (HREC2023#12) granted ethi-
cal approval for this study. All analyses were conducted 
in RStudio (Vienna, Austria) [13], with methodological 
oversight from a specialist in public health and biostatis-
tics. Observations were eligible for analysis when at least 
one PROM was recorded for patients who underwent a pri-
mary THA for osteoarthritis with a cemented Exeter® V40 
stem and either a highly crosslinked polyethylene Exeter® 
X3 Rimfit cup or an Exeter® Contemporary Flanged cup 
(Stryker Orthopaedics, Mahwah, NJ) with conventional 
polyethylene. Follow-up windows were necessarily broad 
due to the registry-based nature of PROM collection; how-
ever, given the stability of PROMs beyond 12 months fol-
lowing THA, variation in response timing within each 
window is unlikely to have materially influenced outcomes. 
This study was reported following the Strengthening the 
Reporting of Observational Studies (STROBE) guidelines 
[14].

Patient-reported outcome measures

Preoperative PROM data comprised scores recorded prior 
to surgery. Follow-up data were defined as: 1-year (10–14 
months postoperatively), 5-year (4–6 years postoperatively), 
and 10-year (9–11 years postoperatively). To aid interpreta-
tion of differences between implant cohorts and patient sub-
groups (sex, age, body mass index [BMI], American Society 
of Anesthesiologists [ASA] rating, funding, and ethnicity), 
we applied minimal clinically important difference (MCID) 
thresholds derived from distribution-based estimates [15] 
using the preoperative scores from each cohort. Although 
anchor-based MCIDs for OHS and WOMAC have been 
published, MCID values are known to be population and 
context dependent. Given differences in population charac-
teristics, health system structure, and baseline PROM dis-
tributions, externally derived MCIDs may not be directly 
applicable to the New Zealand arthroplasty population. In 
addition, anchor-based methods often rely on patient satis-
faction measures not available in registry data. We there-
fore used a distribution-based approach (0.5 SD of baseline 
scores) to derive internally consistent MCID thresholds 
relevant to the study population. While MCID is primarily 
designed to assess within-patient changes over time [16], it 
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can offer contextual insight into whether observed, between-
group differences are likely to be clinically meaningful [17]. 
A clinically meaningful difference in score was deemed one 
that exceeded our established MCID thresholds. For patients 
undergoing bilateral THA during the study period, PROMs 
were collected and recorded separately for each hip and cor-
responded to the specific surgical episode.

Patient characteristics

Patient characteristics included sex (male, female), ethnicity 
(NZ European, NZ Māori, Other), ASA rating (1, 2, 3, 4), 
and funding source (public, private) treated as categorical 
or rank variables, with age and BMI treated as continuous 
variables. “Other” ethnicity represented a small, heteroge-
neous subgroup (n = 5) and was thus removed from further 
analysis. The small number of ASA 4 observations (n = 10) 
were converted to ASA 3 for analysis. Funding source was 
included as a marker of healthcare access pathway. While 
funding source may be associated with socioeconomic 
factors, it does not capture the multidimensional nature of 
socioeconomic status and was not interpreted as a direct sur-
rogate for socioeconomic status.

Statistical analysis

Baseline categorical (sex, ethnicity, ASA, funding) and 
mean continuous (age, BMI) patient characteristics; and 
preoperative, 1-year, 5-year, and 10-year OHS, WOMAC, 
VR-12 physical and mental health scores were determined 
for each component. Missing data were handled using 
pairwise deletion, meaning that all available observa-
tions were used for each analysis without requiring com-
plete data across all variables. Missing data may be due to 
incomplete questionnaires, non-returned questionnaires, or 
study withdrawal. Because implant use was strongly struc-
tured by calendar time, with the predecessor implant pre-
dominantly used between 2003 and 2013 and the successor 
implant between 2010 and 2023, the two cohorts were not 
exchangeable in time. As a result, implant group was highly 
correlated with era-related factors including patient selec-
tion, perioperative care, rehabilitation pathways, registry 
completeness, and PROM collection practices. To avoid 
conflating implant effects with secular trends, we did not 
perform a pooled regression with implant as a single expo-
sure across eras. Instead, analyses were conducted within 
each implant era to evaluate outcome trajectories and prog-
nostic factors in the clinical context in which each implant 
was used. We compared categorical variable proportions 
between implants using Chi-squared and Fisher’s exact 
tests. Mean age, BMI, and preoperative, 1-year, 5-year, 
and 10-year PROMs between implants were compared 

using independent Student’s or Welch’s t-tests in presence 
of unequal variance. Because not all patients had both 
preoperative and postoperative scores available, compari-
sons between preoperative and postoperative means were 
conducted using independent samples t-tests rather than 
paired analyses. Mean preoperative, 1-year, 5-year, and 
10-year PROMs within each cohort were compared using 
ANOVA and post-hoc Tukey. Postoperative observations 
with OHS < 27 categorised as “poor” [6] were extracted to 
investigate distinct patient characteristics.

To determine influential patient characteristics on preop-
erative and postoperative PROMs in each cohort, we per-
formed multiple linear regression with post-hoc residual 
analysis, influence statistics, variance inflation factor, and 
Durbin-Watson. Preoperative scores were included as pre-
dictors of postoperative scores and thus significant predic-
tors of preoperative scores were removed from postoperative 
analysis to prevent confounding. Statistical significance was 
set at p < 0.05 with 95% confidence intervals (CI) derived 
for all testing.

Results

A total of 1630 (Rimfit n = 1267; ECF n = 363) primary 
THAs met the inclusion criteria. Follow- up occurred up to 
a period of 10 years. Of these, 1365 patients (84%) (Rimfit 
n = 1102; ECF n = 263) had at least one completed PROM 
and were included in the analyses (Table 1). Due to vari-
able follow-up completion and missing covariate data, the 
number of patients included differed between analyses and 
time points; the sample size for each analysis is reported 
in the corresponding tables. Assumptions of multiple linear 
regression were checked and met. Normality was evalu-
ated visually using Q-Q plots of residuals. Initial models 
using untransformed outcome data in the Rimfit cohort’s 
postoperative OHS and WOMAC PROMs showed devia-
tions from normality in the residuals. However, the analy-
sis was not intended for prediction, but rather to examine 
associations between patient variables and PROMs. Results 
are considered robust despite this noted departure from nor-
mality. The large sample size improves the precision of the 
estimates and statistical power but does not eliminate the 
potential for residual confounding or other sources of bias 
inherent in observational registry data.

There was a significantly higher proportion of ASA 2 
(p = 0.004), ASA3 (p = 0.007), and publicly funded patients 
(p < 0.001) in the Rimfit than the ECF cohort. No significant 
difference in mean age or BMI between cohorts or between 
any of their six subgroups (sex, age, BMI, ethnicity, funding, 
or ASA rating) was noted, except for where the ECF mean 
BMI was statistically higher in ASA 3 patients (p = 0.031).
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between 1, 5, and 10 years, except where the Oxford 5-year 
score was significantly better than the 1-year score in the 
Rimfit, supporting limited divergence in longer-term out-
comes. Given the limited sample size at 10 years and lack of 
significant difference between 1, 5, and 10-year PROMs, we 
used 1-year PROMs as the postoperative score for further 
comparisons due to its substantial sample size.

Poor postoperative scores

There were 67 patients with poor postoperative OHS (< 27) 
[6] scores (n = 60, Rimfit n = 53, 6.3%; ECF n = 7, 3.4%). 
There was no significant difference in patient characteristic 
proportions of poor postoperative scores, mean age (ECF 
74.9 ± 10.1; Rimfit 71.6 ± 8.3 years, p = 0.566) or BMI (ECF 
26.6 ± 3.6  kg/m2; Rimfit 29.3 ± 4.7  kg/m2, p = 0.106), eth-
nic groups (p = 0.580), ASA ratings (p = 0.217), or funding 
(p = 0.684) between the cohorts. The small number of obser-
vations in the ECF cohort made it challenging to analyse in 
further detail (Supplementary Table 1).

Linear regression: preoperative PROMs

Funding source was the strongest predictor (i.e., largest 
coefficient) of baseline PROMs in both cohorts. Publicly 
funded patients reported substantially worse preoperative 
scores than privately funded patients, including ~ 8–10 
lower OHS, ~ 16–23 higher WOMAC, ~ 5–6 lower VR-12 
physical, and ~ 7–14 lower VR-12 mental scores. These dif-
ferences exceeded our distribution-based MCID across all 
PROMs. Sex was also a significant predictor, with males 
scoring ~ 2–3 points better in OHS and VR-12 mental and 
physical, and ~ 4–8 points better on WOMAC compared to 
females. BMI showed a small statistically significant effect 
on preoperative scores (OHS ≈ -0.25; WOMAC ≈ 0.5–0.9) 
per 1 BMI unit increase, in both cohorts. In the Rimfit, other 
significant preoperative predictors included higher ASA rat-
ings (i.e., higher comorbidity burden) associated with ~ 2–8 
worse WOMAC and ~ 3–6 worse VR-12 physical and men-
tal scores, and Māori ethnicity associated with ~ 6 points 
lower preoperative VR-12 mental scores compared with NZ 
Europeans.

Linear regression: postoperative PROMs

Linear regression for postoperative PROMS was performed 
using the 1-year postoperative scores for regression due 
to its larger sample size and lack of significant difference 
between 1-year, 5-year, and 10- year postoperative scores. 
Preoperative PROMs consistently exhibited the largest pre-
dictive contribution to postoperative scores across PROMs 
in both cohorts, with each 1-point worse preoperative score 

PROMs comparison

PROM comparisons between implants can be found in 
Table  2. No significant difference in mean preoperative, 
1-year, 5-year, or 10-year OHS, WOMAC, or VR-12 physi-
cal function scores between implants was noted. VR-12 
mental scores were significantly higher preoperatively (2.5 
points, p = 0.005), at 1-year (1.4 points, p = 0.042), and at 
5-year (2.1 points, p = 0.004) in the Rimfit. Within implants, 
there was a significant time effect across all PROMs 
examined (p < 0.001). Post-hoc Tukey revealed significant 
improvements from baseline PROMs compared to 1, 5, 
and 10-years (p < 0.001). There were no statistically sig-
nificant differences in mean PROMs within implant cohorts 

Table 1  Patient characteristics between implant comparison
Both Rimfit ECF P- value

Total, n (%) 1365 
(100%)

1102 
(80.73%)

263 
(19.27%)

–

Age 
(mean ± SD)

71.39 ± 8.60 71.39 ± 8.52 71.38 ± 8.67 0.991

BMI 
(mean ± SD)

28.00 ± 4.85 28.00 ± 4.93 28.01 ± 4.75 0.970

Sex, n (%)‡

 Male 543 
(39.78%)

423 
(38.38%)

120 
(45.63%)

0.031

 Female 822 
(60.02%)

679 
(61.62%)

143 (54.37) 0.031

ASA, n (%)‡

 1 195 
(14.52%)

146 
(13.46%)

49 (18.63%) 0.041*

 2 824 
(60.37%)

660 
(60.88%)

164 
(62.36%)

0.401

 3 and 4 324 
(24.12%)

278 
(25.65%)

46 (17.49%) 0.007*

 Missing 22 18 4 –
Funding, n (%)‡

 Public 588 
(43.17%)

501 
(45.59%)

87 (33.08%) < 0.001*

 Private 774 
(57.63%)

598 
(54.41%)

176 
(66.92%)

< 0.001*

 Missing 3 3 - –
Ethnicity, n (%)‡

 NZEU 1258 
(94.80%)

1016 
(94.43%)

242 
(92.02%)

0.102

 Māori 64 (4.82%) 55 (5.11%) 9 (3.42%) 0.315
 Other 5 (0.38%) 5 (0.46%) 0 0.180
 Missing 26 26 0 –
ASA, American Society of Anesthesiologists grading; BMI, Body 
mass index; ECF, Exeter Contemporary Flanged cup; NZEU, New 
Zealand European; Rimfit, Exeter X3 Rimfit cup
‡Values represent the number and percentage of males and females, 
ASA 1, 2, 3 and 4, public and private funding, and NZ European, 
Māori and other ethnicity within each cohort
*Significance set at p < 0.05
Missing values have not been included in proportion calculations
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Discussion

A strength of our study is the consistency in key operative 
factors minimising variation in surgical technique, includ-
ing the same cemented stem, hospitals, and overlapping sur-
gical personnel. The shared geographic catchment confirms 
similar underlying demographics, which reinforces cohort 
comparability.

Preoperative PROMs comparison

This study addresses an important evidence gap by evalu-
ating the Rimfit’s 10-year suitability as a replacement for 
the ECF cemented cup. Distribution-based MCID estimates 
provide a useful benchmark to interpret the clinical mean-
ingfulness of observed PROM changes [16, 18]. The OHS, 
WOMAC, and VR-12 physical scores all demonstrated sub-
stantial and statistically significant improvements from pre-
operative to postoperative PROMs, far exceeding our MCID 
thresholds of ~ 4.5, ~ 9, and ~ 6 respectively in both cohorts. 
Previous research by Yeo et al. [19] indicated improved 
physical function after THA, with OHS and WOMAC 
improvements being good indicators of THA success. The 

associated with a 0.18–0.53-point worse postoperative score 
depending on the PROM and implant type. In the Rimfit 
cohort, age at surgery was an additional significant predictor 
of poorer postoperative OHS, WOMAC, and VR-12 physi-
cal scores (≈ -0.1 to − 0.3 per year). In the Rimfit cohort, eth-
nicity was also a clinically meaningful predictor, with Māori 
patients having significantly worse postoperative OHS (~ -5 
points), WOMAC ( ~ + 6 points), and VR-12 physical (~ − 8 
points) scores compared with NZ European. In the Rimfit 
cohort, BMI was significant only for postoperative VR-12 
mental scores, with higher BMI associated with poorer post-
operative outcomes. In the ECF cohort, age at surgery pre-
dicted worse postoperative VR-12 physical scores (≈ − 0.40 
per year). ASA 3 was also associated with worse postopera-
tive WOMAC (7.7 points) and VR-12 physical (5.6 points) 
scores compared to ASA 1. The R2 values (0.08–0.34) from 
the regression analyses indicate that the included predictors 
explain only a modest proportion of outcome variance.

Table 2  Preoperative and postoperative PROMs comparison
PROM Rimfit ECF p-value¶

n Mean SD Diff [95% CI]† MCID‡ n Mean SD Diff [95% CI]† MCID‡

Oxford (0–48)
 Pre-op 837 18.23 ± 8.96 4.48 263 17.75 ± 8.73 4.37 0.446
 Post-op 1-year 842 41.29 ± 7.42 23.06 [22.25, 23.82] 238 41.30 ± 7.06 22.43 [21.06, 23.81] 0.985
 Post-op 5-year 490 42.88 ± 6.85 180 41.62 ± 8.46 0.074
 Post-op 10-year 124 41.64 ± 8.67 139 41.30 ± 9.58 0.763
WOMAC total (0–96)
 Pre-op 827 54.23 ± 18.51 9.26 262 54.82 ± 19.27 9.64 0.663
 Post-op 1-year 810 14.12 ± 14.09 40.15 [38.60, 41.71] 235 12.36 ± 12.68 40.40 [37.65, 43.15] 0.069
 Post-op 5-year 483 12.41 ± 14.29 179 13.18 ± 14.47 0.540
 Post-op 10-year 124 15.38 ± 17.23 137 14.66 ± 16.32 0.730
VR-12 physical (x̄ = 50)
 Pre-op 836 27.61 ± 8.21 4.11 263 26.52 ± 8.22 4.11 0.058
 Post-op 1-year 840 44.01 ± 10.57 17.05 [16.12, 17.97] 240 43.36 ± 10.98 16.37 [14.88, 17.87] 0.405
 Post-op 5-year 487 44.43 ± 10.37 183 43.55 ± 11.76 0.280
 Post-op 10-year 125 42.23 ± 11.34 138 43.51 ± 10.49 0.344
VR-12 mental (x̄ = 50)
 Pre-op 836 46.36 ± 12.76 6.38 263 43.82 ± 12.85 6.43 0.005*
 Post-op 1-year 840 53.31 ± 9.40 6.49 [5.49, 7.48] 240 51.91 ± 9.41 7.23 [ 5.41, 9.04] 0.042*
 Post-op 5-year 487 53.97 ± 10.00 183 51.78 ± 8.31 0.004*
 Post-op 10-year 125 55.16 ± 8.86 138 53.87 ± 9.26 0.250
ECF, Exeter Contemporary Flanged cup; MCID, Minimal clinically important difference (distribution-based); Pre-op, preoperative; Rimfit, 
Exeter X3 Rimfit cup; SD, standard deviation; VR-12, Veterans Rand 12-item health survey; WOMAC, Western Ontario and McMaster Uni-
versities Index
†Difference calculated between the mean preoperative score and the mean 1-year postoperative score
‡MCID calculated using the distribution method of 0.5 × SD of the preoperative score
¶p-value represents the comparison of the Rimfit score to the ECF score for that period
*Significance level set at p < 0.05
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sex has frequently been associated with poorer pre- and 
postoperative PROMs in THA. Females tend to present for 
surgery with greater pain, functional limitations, and comor-
bidity burden [27], which may partly reflect differences in 
pain perceptions, bone morphology, and delayed access to 
surgery [28]. Alongside these factors, higher rates of obesity 
and osteoporosis can influence surgery [29], recovery, and 
perceived outcomes [30]. Females need to be considered a 
priority in future risk stratification models [31] with female-
specific management potentially beneficial [30].

Body mass index as a predictor of poorer preoperative 
PROMs in both cohorts, and higher ASA ratings in the Rim-
fit cohort, also suggests that comorbidity burden may signif-
icantly impact recovery trajectories, aligning with findings 
that a higher number of comorbidities introduces a higher 
risk of postoperative complications. Several studies [23, 
32, 33] highlighted the value of documenting comorbidities 
in greater detail. While indices such as ASA correlate with 
THA outcomes, they provide limited guidance for individu-
alised treatment. Podmore et al. [32] noted that specific con-
ditions influence recovery differently, and Jämsen et al. [33] 
found that implant survival hazard ratios are affected by car-
diac, endocrine, oncologic, and mental health conditions in 
both univariate and multivariate analysis. It may be prudent 
for regional registries like the one analysed here to record 
more detailed comorbidity data and to pursue future comor-
bidity specific THA research to determine which comorbidi-
ties may predict the poorest outcomes.

Preoperatively, Māori presented significant and clini-
cally meaningful poorer preoperative VR-12 mental sores, 
indicating ethnic disparity in health outcomes even before 
surgery. Such disparities could be related to psychosocial, 
cultural, and systemic factors [34]. Results must be inter-
preted with caution, however, given the limited number of 
NZ Māori in the ECF group (n = 9) restraining our ability to 
robustly analyse preoperative PROMs.

Linear regression postoperative PROMs

In both cohorts, preoperative PROMs consistently demon-
strated the largest predictive contribution to postoperative 
outcomes, consistent with previous studies [8, 35, 36]. Out-
side of preoperative scores, age at surgery influenced both 
cohorts while NZ Māori ethnicity predicted poorer physi-
cal postoperative outcomes in the Rimfit cohort, and ASA 3 
comorbidity status in the ECF cohort. The limited number of 
Māori in our study hinders the robustness of analyses, lim-
its regression modelling, and precludes assessment of eth-
nicity as a true, independent predictor, highlighting Māori 
underrepresentation in THA surgery. In our study, Māori 
represented < 5% of the cohort, a clear underrepresentation 
considering Māori represent 30.6% of the population in the 

VR-12 mental scores in our study showed more modest 
clinical changes but also exceeded our MCID of ~ 6 and ~ 7 
in the Rimfit and ECF, respectively.

Postoperative PROMs comparison

No statistically significant differences between 1-year, 
5-year, and 10-year mean physical postoperative scores 
within each cohort were noted. All mean postoperative 
OHS scores exceeded the excellent threshold score of 41 
[6]. These findings indicate positive PROM outcomes are 
achieved using both implants, which are sustained over a 
10-year period. This consistency reinforces the implants 
provide comparable physical outcomes, despite surgeries 
occurring in two different 10-year intervals. Significantly 
better preoperative mental health scores in the Rimfit cohort 
suggest baseline differences in psychological wellbeing 
between groups that cannot be attributable to implant char-
acteristics. The persistence of higher mental health scores 
at 1 and 5 years postoperatively is therefore most plausi-
bly explained by the significant influence of preoperative 
outcomes on postoperative outcomes, rather than an effect 
of the implant itself [20]. The absence of differences at 10 
years further supports this interpretation, suggesting that 
early postoperative disparities reflect baseline psychologi-
cal profiles and early recovery trajectories, which converge 
over time as longer-term mental wellbeing becomes increas-
ingly influenced by aging and broader psychosocial factors 
[21]. Registry-based literature cautions that comorbidity 
prevalence and patient health status often change over time, 
demonstrated by an increase in comorbidity rates and ris-
ing prevalence of specific conditions (e.g., diabetes and 
renal disease) over recent decades in THA populations [22]. 
The higher proportion of ASA 3 patients within the Rimfit 
cohort aligns with documented temporal trends in arthro-
plasty populations [23], with the comorbidity differences 
between our cohorts likely reflecting evolving patient health 
profiles [22, 23]. The relatively small sample of poor OHS 
scores (< 27) investigated revealed no difference between 
the cohorts other than the increased proportion of ASA 2 in 
the Rimfit cohort, reaffirming no stark differences between 
cohorts other than comorbidities.

Linear regression preoperative PROMs

Funding source, as well as female sex and BMI, appear to 
consistently impact preoperative outcomes. Publicly funded 
patients showed worse preoperative scores, likely due to lon-
ger wait times [24], limited supportive care, higher comor-
bidities, barriers to health literacy, unemployment [25], and 
systemic inequities that result in patients needing greater 
disease severity to become eligible for surgery [26]. Female 
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Limitations

Our analysis included patients with at least one completed 
PROM, representing 1360 of 1630 (84%) total THA recipi-
ents. Patients without any PROMs may differ systematically 
from responders, for example in baseline health, engage-
ment with care, or postoperative outcomes. While the pro-
portion of missing PROMs was relatively small and similar 
across groups, this selection may introduce bias and limit 
generalisability of our findings to the full cohort.

As with all registry-based analyses, this study is subject 
to selection bias. Inclusion was limited to patients captured 
by the registry and to those with at least one completed 
PROM, which may preferentially include more engaged or 
higher-functioning patients and lead to overestimation of 
postoperative outcomes. Differences in funding status and 
temporal changes in referral patterns, surgical practice, and 
PROM collection may also influence baseline characteris-
tics and observed outcomes independent of implant choice. 
These factors should be considered when interpreting the 
findings, and causal inferences should be made with cau-
tion. While the large sample size improves precision and 
statistical power, it does not eliminate the possibility of bias 
or residual confounding.

The width of follow-up windows reflects the pragmatic 
nature of registry-based PROM collection, where follow-
up timing is not fixed but occurs within predefined inter-
vals. To minimise potential bias, 1-year follow-up was 
selected as the primary analytical endpoint due to the larg-
est sample size, greatest temporal clustering of responses 
and lack of statistically significant differences observed in 
mean PROMs across 1-, 5-, and 10-year follow-up, suggest-
ing that variation in follow-up timing did not meaningfully 
influence comparative conclusions.
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Bay of Plenty region [37]. Contributing factors for Māori 
under representation may include structural (colonisation, 
governance, socioeconomic) and intermediary (education, 
work, accessibility, lifestyle) determinants, highlighting the 
need to address upstream systemic and cultural barriers, not 
just surgical implants [38, 39].

Whether preoperatively or postoperatively, all patient 
factors investigated influenced patient outcomes to a cer-
tain extent. Although our results provide some insight, the 
low coefficient of determination of our models (R2 ~ 0.34 
at best) indicates that other potential influencers may affect 
scores more readily or assist in explaining a greater propor-
tion of PROM variance, such as smoking status [40], activ-
ity levels [41], postoperative rehabilitation, health literacy, 
education, and care [42]. Considering the ECF implant is no 
longer used in NZ, the outcomes of the Rimfit linear regres-
sion models may be more relevant to future comparative 
studies with other specific implants.

The rationale for examining 10-year PROMs was to 
assess whether incremental advances in polyethylene design 
translate into sustained patient-perceived benefit over the 
longer term. Given the similarity in implant geometry and 
fixation, large early differences were not anticipated; rather, 
any potential differences were hypothesised to emerge 
with longer follow-up, where polyethylene durability may 
plausibly influence pain, function, or activity [43]. While 
radiographic outcomes and implant survivorship are criti-
cal measures of implant performance, PROMs capture the 
patient experience of that performance. The absence of clin-
ically meaningful differences in 10-year PROMs therefore 
suggests that both designs provide durable and comparable 
PROMs, complementing existing survivorship data.

Conclusion

From a patient outcomes perspective, the Rimfit cup shows 
no significant difference in PROMs to the ECF at 10 years, 
with both implants demonstrating sustained improvements 
in PROMs and no statistically significant differences in 
physical function outcomes over 10 years. The Rimfit 
cohort presented with superior VR-12 mental scores preop-
eratively, sustained at 1-year, and at 5-year suggesting base-
line differences in mental wellbeing. Socioeconomic status, 
sex, and comorbidity status (i.e., ASA) were identified as 
significant clinical predictors of poorer preoperative physi-
cal outcomes in both cohorts. For the Rimfit, Māori ethnic-
ity was a predictor of poorer preoperative mental health and 
postoperative physical PROM scores. Postoperatively, older 
age at surgery was detrimental to PROMs outcomes in both 
cohorts. Findings should be interpreted within the temporal 
and health-system context in which each implant was used.
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