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Abstract

Introduction Compare 10-year survival of the cemented highly crosslinked polyethylene Exeter® Rimfit™ (Rimfit) Cup and
its predecessor, the ultra-high molecular weight polyethylene Exeter® Contemporary Flanged Cup™ (ECF), both with an
Exeter® V40™ stem, in primary total hip arthroplasty (THA) for osteoarthritis in the Bay of Plenty region of NZ.

Method We extracted national registry data for THA surgeries in the region between 1 January 2003 and 30 June 2023 and
report the 10-year survival and reasons for revision of the two fully cemented implants (7=495). We compared standard
Kaplan-Meier estimates using the log-rank test. Cox proportional hazard models investigated the potential influence of six
patient variables on the survival of each implant: sex, age, body mass index (BMI), ethnicity, American Society of Anesthe-
siologists (ASA) rating, and funding source (public/private).

Results No statistically significant difference in 10-year survival rate between the implants (p=0.334) (ECF 95.6% [93.4,
97.9], Rimfit 97.0% [95.9, 98.2]) or statistically significant difference in revision reasons between the implants (p=0.09) was
noted. Cox regression revealed no statistically significant influence of any of the six patient variables on the 10-year survival
of the ECF (p=0.584) or Rimfit (p=0.611).

Conclusion Both implants exceeded 95% survival at 10-years, which is favourable compared to the corresponding 94.8%
national survivorship of cemented implants in NZ. There is no statistically significant difference in the 10-year survival rate
or reasons for revision of the two cemented implants compared in this region. The Rimfit appears a suitable alternative to the
ECEF, from a survival and revision perspective.
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Introduction

In 1962 Sir John Charnley pioneered the first fully
cemented, low friction total hip arthroplasty (THA) using
a cemented stainless-steel stem, cemented polyethylene cup
(PE) and polymethylmethacrylate bone cement [1]. Since
then designers have introduced substantial improvements
such as flanged cups to improve cement pressurisation [2]
and improved cement formulations [3]. The Exeter® Con-
temporary Flanged Cup™ (Stryker Orthopaedics, Mahwah,
NJ, USA) (ECF), developed in 1998 reports excellent sur-
vival outcomes up to 15 years [4, 5] with extremely low dis-
location [6] and aseptic loosening rates [7]. From 2010 the
focus became the reduction of PE wear and improvement
in cement mantle consistency [8]. New cemented compo-
nents, such as the highly crosslinked polyethylene Exeter®
X3® Rimfit™ (Stryker Orthopaedics, Mahwah, NJ, USA)
(Rimfit) were introduced, proposed to reduce wear and
lower osteolysis risk [9]. Key improvements in the Rimfit
included polymethylmethacrylate spacers; a rimcutter for
mantle control; a slim curved flange to match the rim; and
built in radiographic marker wire [10]. Many high volume
hospitals and public settings gradually discontinued use
of the ECF [5] in favour of the more durable Rimfit [9].
The recommended stem for both the ECF and Rimfit is the
cemented Exeter® V40™ (with a 40 mm bore diameter of
the taper) with excellent survival outcomes [7, 11, 12] and
a low rate of revision [7, 13]. The ECF/V40 combination
is the most prominent cemented THA in NZ, representing
nearly 8,000 of the 93,487 THA surgeries recorded between
1999 and 2013 [14]. The Rimfit/V40 combination is the sec-
ond most prevalent cemented THA with over 3,000 surger-
ies from 2010 to 2022 [14].

There are few studies on survival outcomes of the ECF
[4-7] or the Rimfit [15—17], and none restricted to osteoar-
thritis. There is no study directly comparing their survival,
reasons for revision, or revision predictors of interest in
osteoarthritis. In the only published comparison study [18],
both displayed “similar 5-year outcomes” in radiotranslu-
cent lines and clinical scores, but survival was not reported.
Such comparison is essential to justify the transition from
the ECF to the Rimfit in clinical practice.

An ideal comparison between the ECF and the Rimfit
would control for fixation, stem type or approach, handling,
and instrumentation. Comparing these THA components in
the same region with the same group of surgeons also elimi-
nates variations in surgical skill, experience, and preferred
technique. Therefore, our analysis focused on data from a
regional registry. We compared and reported patient charac-
teristics, 10-year survival, reasons for revision, and effects
of patient-specific predictors (age, sex, BMI, ethnicity, ASA
rating, and funding source) on survival outcomes in the two
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cemented implants for primary THA for osteoarthritis in the
Bay of Plenty region of NZ to identify implant superiority
in survival and revision reasons, and meaningful predictors
of poorer survival.

Materials and methods
Data source and collection

Ethical approval was obtained from The Univer-
sity of Waikato Human Research Ethics Committee
(HREC2023#12). The New Zealand Orthopaedic Associa-
tion (NZOA) supplied anonymised data from the mandatory
national joint registry (NZJR) for the Bay of Plenty region
of NZ from 1 January 2003 up to and including 30 June
2023. All primary THAs for osteoarthritis with an Exeter
V40 stem and either an Exeter Contemporary flanged Cup
(Stryker Orthopaedics, Mahwah, NJ) made of ultra-high
molecular weight polyethylene, or Exeter X3 Rimfit Cup
(Stryker Orthopaedics, Mahwah, NJ) of highly crosslinked
polyethylene, were included in analysis with follow-up to 30
June 2023 or a maximum of 10 years. We elected to report
outcomes at 10 years as this represents a clinically meaning-
ful and widely accepted benchmark in arthroplasty research.
THASs were performed in three hospitals and 93% performed
by four surgeons using the same modern, third generation
cementing technique. Both cemented cups are widely used,
intended for the same patient populations but differ in fea-
tures such as flange geometry and rim configuration.

We categorised adverse events (revision) as a “1” and
included censored data up until the date of death or end of
the observation period or upon 10 years of follow-up and
categorised as “0”. Patient-specific predictors were treated
as categorical variables, and included sex, age, BMI, eth-
nicity, ASA rating, and funding source. Predictors and sub-
categories are summarised in Table 1. Age at surgery was
classified to align with the New Zealand, Australia, Eng-
land-Wales, and Finland national joint registry categories.
Only a small number of < 55y observations (2%) in both
implants were noted (ECF: n = 8; Rimfit: n = 28) and were
combined with the 56-64y age group creating a < 65y cat-
egory. We classified BMI at surgery into five categories as
per the Centre for Disease Control [19]. ASA ratings are
graded into four categories. However, eight ASA 4 observa-
tions between both implants (ECF: n = 1; Rimfit, n = 7) were
recoded as ASA 3 for analysis. Ethnicities are self-reported
and extracted via the National Health Index (unique identi-
fier assigned to each person in New Zealand).
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Table 1 Classification of categorical variables

Sex

Male Assigned male at birth

Female Assigned female at birth

Funding

Public Public health system funding source

Private Insurance or self-paid funding source

Age (yvears)

<65 Under but not including 65 years

65-74 Including 65 and up to and including
74 years

>75 Including and over 75 years

BMI (kg/m?)

<25 Normal BMI

25-29.9 Overweight

30-34.9 Obese Class |

35-40 Obese Class 11

>4( Obese Class 111

ASA rating

ASA1 Patient is a completely healthy, fit
patient.

ASA?2 Patient has mild systemic disease.

ASA3 Patient has severe systemic disease
that is not incapacitating.

ASA 4 Patient has incapacitating disease
that is a constant threat to life.

Ethnicity }

NZ European New Zealanders of European descent

Maori A person of the Maori race and
includes any descendant

Other All other ethnicities and undeter-

mined ethnicities

ASA, American Society of Anesthesiologists Physical Status classifi-
cation system; BMI, body mass index; NZ, New Zealand

1 NZ Government Stats NZ, Tatauranga Aotearoa

Survival

We implemented a pairwise deletion approach to handle
missing data so that all available data were used in statisti-
cal analysis. Revision and death were identified through the
compulsory national joint registry, which captures all pri-
mary procedures, revision operations, and mortality through
national data linkage. As a result, loss to follow-up was neg-
ligible. Patients who had not experienced the event of inter-
est (revision) were right censored at the earliest of the study
end date. We performed standard Kaplan-Meier analysis on
the dataset using the R studio 2024.09.0 “Cranberry Hibis-
cus” statistical package [20]. Kaplan-Meier assumptions of
independent, non-informative censoring; time-to-event data;
homogeneity of survival and no influential events affecting
survival were met. We considered competing risk of death
analysis; however, standard Kaplan-Meier analysis was
chosen as the population below 75 years where death is less
likely to be a competing risk exceeded the older population

group of above 75 years. T tests were used to determine dif-
ferences in mean age or BMI between the implant groups,
and Chi square tests to compare proportions for each cat-
egorical predictor between implants.

Reasons for revision

Reasons for revision were categorised into dislocations,
infection, periprosthetic fracture, pain, aseptic loosening of
acetabulum, aseptic loosening of both components, loosen-
ing of acetabulum due to infection, fall, and broken stem.
Chi square tests compared proportions between implants.

Regression

Uni- and multivariate Cox regressions were performed on
the overall cemented sample as well as for each implant.
To assess the robustness of our findings, we evaluated the
proportional hazards assumption using Schoenfeld residu-
als and log-log survival plots. The results were consistent
across methods, supporting the validity of the primary
analysis. Across statistical analyses, the 95% confidence
intervals [lower, upper] of estimates were extracted and sig-
nificance set to p<0.05. All analyses were conducted using
R studio 2024.09.0.

Results

Patient variables and revisions per component are shown in
Table 2. THA surgeries for OA from 1 January 2003 and 30
June 2023 (n=1630, age: 71.7+8.5 y, BMI: 28.1£5.2 kg/
m?) included ECF in 363 instances (22.3%, age: 71.3+8.5
y, BMI: 28.2+4.8 kg/m?) and Rimfit in 1267 instances
(77.7%, age: 71.7+8.5 y, BMI: 28.1+5.3 kg/m?), with no
statistically significant difference between implant groups
in mean age (p=0.427) or BMI (p=0.812) at surgery. Chi
square tests revealed no statistically significant differences
in proportion of men and women (p=0.095), BMI cat-
egories (p=0.555), or age categories (p=0.596) between
implants. Statistically significant differences of proportion
in ASA ratings (p<0.001), ethnicities (»p<0.001) and fund-
ing pathways (p=0.004) between implants (Table 3) were
noted. The Rimfit reported a higher proportion of Maori,
ASA 3 rating, and publicly funded surgeries.

1 Missing values have not been included in proportion
calculations.

Survival

A total number of 1630 implants for the observation period
were included in analysis, 495 in situ for 10 years (ECF:
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Table 3 Tests of proportion for each implant

Variable Group ECF Rimfit Model comparison
Actual Expected b Actual Expected ® x> p-value

Sex Male 158 144 1.3 490 504 0.37 2.57 0.095
Female 205 217 0.86 777 763 0.25

Age (years) <64 81 75 0.47 256 262 0.14 1.03 0.596
65-74 150 149.00 0 520 521 0
>75 132 139 0.33 491 484 0.09

BMI (kg/m?) <25 61 65 0.24 306 302 0.05 3.01 0.555
25-29.9 120 109 1.02 498 509 0.22
30-34.9 53 57 0.28 269 265 0.06
35-39.9 13 17 0.8 81 77 0.17
>40 9 8.00 0.13 36 37.00 0.03

ASA 1 59 40 9.3 157 176 2.1 18.4 0.0001
2 175 174 0 771 772 0
3&4 51 71.00 5.67 335 315.00 1.28

Funding Public 118 141 3.81 448 425 1.27 8.16 0.004
Private 231 208 2.59 602 625 0.86

Ethnicity NZEU 304 324 1.24 1151 1131 0.35 90.2 0.00001
Maori 14 25 4.5 96 85.5 1.29
Other 45 15 64.4 20 50.52 18.4

Missing values have not been included in overall proportion calculations

Abbreviations: ASA, American Society of Anesthesiologists grading; BMI, body mass index; ECF, Exeter Contemporary Flanged cup; NZEU,

New Zealand European; Rimfit, Exeter X3 Rimfit cup
*Significance set at p<0.05

n = 245 Rimfit: n = 250 Table 4) with a median follow-up
of seven years. Kaplan-Meier analysis revealed a combined
10-year survival rate of 96.5% [95.5, 97.6] with log-rank
revealing no statistical difference in survival between the
implants (ECF: 95.6% [93.4, 97.9]; Rimfit: 97% [95.9,
98.2], p = 0.334 ) (Fig. 1). No statistically significant dif-
ference in survival between patient predictors was noted
(Table 4).

Reasons for revision

Forty-three revisions (2.6%) performed over the period
(ECF n=14, Rimfit n=29). Most revisions were due to
dislocation (30%) followed by infection (23%). No statis-
tically significant difference in proportion of dislocation
(p=0.08) or any other revision reason was noted (Table 5).
Of the 43 revisions, 24 (56%) occurred in females and 19
(44%) in males reflecting the overall cohort distribution. By
funding status, 24 (56%) were privately funded, 16 (37%)
publicly funded, and 3 (7%) had missing data. Regarding
ethnicity, 29 (67% were NZ European, 3 (7%) Maori and 1
(2%) Other, with the remaining missing or uncategorised.
These distributions provide context for subsequent revision
patterns. Notably, 15 (35%) revisions occurred in patients
under 65 years, 16 (37%) in those 65—74 years and 12 (28%)
in patients>75 years. Compared with the overall cohort,
patients under 65 were overrepresented (20.7% of the total
sample), whereas those>75 were underrepresented (38.2%

of the total sample). However, these differences were not
statistically significant in either univariate or multivariate
Cox regression. BMI data were missing for 13 revision
cases, limiting interpretation across categories.

Regression

Multivariate Cox regression for both implants found no sta-
tistically significant effect of any predictor on 10-year sur-
vival (Table 6). Certain subgroups (BMI 35-39.9 and >40,
NZ Maori) had small sample sizes, which should be consid-
ered when interpreting these findings.

Discussion
Survival

Our combined survival rates exceed 95% at 10 years, sug-
gesting durable outcomes with both implants using the
V40 stem. This benchmark outcome is consistent with the
10-year performance of broad cemented implants in NZ
[14] and internationally [21-25]. For example, our 10-year
97% Rimfit survival rate aligns with the UK national joint
registry and the Australian Orthopaedic association broad
cemented category (97.2% and 96.6%, respectively) [22],
substantiating it as a suitable replacement for the ECF. The
Rimfit was introduced almost decade after the ECF, yet

@ Springer
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Fig. 1 10-year Kaplan-Meier B ecr BB Rimfit
survival for both implants
100%9 4 -
X 90%
©
=
E
®» 80%{ p=033
70%
0 25 5 7.5 10
Follow-up(Years)
Percentage at risk
ECF 100 92 87 73 67
Rimfit 100 79 64 40 20
0 25 5 75 10
Follow-up(Years)
Table 5 Reasons for revision
Both implant revisions ECF revisions Rimfit revisions .
(n=43) % total (n=14) % total (n=29) % total P-value*
Dislocations 13 0.80% 6 1.65% 7 0.55% 0.08
Infection 10 0.61% 2 0.55% 8 0.63% 1
Periprosthetic fracture 8 0.49% 2 0.55% 6 0.47% 1
Pain 5 0.31% 2 0.55% 3 0.24% 0.68
Aseptic loosening (Acetabulum) 3 0.18% 1 0.28% 2 0.16% 1
Aseptic loosening (Femur & Acetabulum) 1 0.06% 1 0.28% - - -
Loosening acetabulum (infection) 1 0.06% - - 1 0.08% -
Fall 1 0.06% - - 1 0.08% -
Broken stem 1 0.06% — — 1 0.08% —

*Chi square tests of proportion with significance set at p <0.05

equivalent survival rates suggest implant design/material
changes did not translate into measurable differences in long
term fixation. Both designs provide robust outcomes across
different eras of surgical practice and support the generalis-
ability of our findings.

Reasons for revision

Both implants demonstrated no statistically significant dif-
ference in survival up to 10 years and low rates of disloca-
tion, infection, and aseptic loosening. This finding suggests
that implant design differences did not substantially influ-
ence the underlying mechanisms of failure. From a clinical
perspective, this lack of difference indicates both designs
are comparable in terms of stability, infection risk, and fixa-
tion durability, with other surgical and/or patient factors
potentially influencing revision risk. Comparing revision
cases with overall cohort distribution revealed that patients
under 65 years were overrepresented and those over 75 years
were underrepresented. This pattern suggests younger, more
active patients may face a relatively higher risk of revision,
consistent with registry evidence linking activity levels and

implant demand to early failure [26]. BMI comparisons
were less reliable due to missing data in 13 revision cases,
limiting firm conclusions.

Regression

Sex, age, BMI, ethnicity, ASA rating, and funding did not
significantly influence the 10-year survival of implants
individually or when combined. It is worthwhile noting
that no variables significantly impacted on the time until
the event of interest in either the overall cemented sample
or when stratified by implant design. The variables consid-
ered did not have a meaningful association with revision in
our population, indicating possible weak or non-existent
relationship. A low number of Maori and Other ethnicity
patients, patients with BMI categories of 35 to 39.9 kg/m?
and >40 kg/m?, and those<55 years reduced precision of
survival and Cox regression analysis. Hence, the lack of sig-
nificance should be interpreted with caution. Our extended
analysis provide insight in a NZ context, indicating that
the two implants perform well across a broad range of
patients, regardless of sex, age, ethnicity, BMI, ASA rating,

@ Springer
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Rimfit

ECF

Both Implants
Coeff (OR)

0.48
0.59

Table 6 Cox multiple regression for both implants

Covariate

@ Springer

P-value

95%CI 1

HR

1.45
1.46
0.44

0.5

Coeff (OR)

0.37
0.38

P-value
0.461

95%CI 1

HR

P-value Coeff (OR)
0.83

0.388

95% [C1] 1

HR

0.997

0.191

0.61, 12.31]

0.998

P v B e B i et B e vt et

[0.25, 20.90]
[0.31, 44.06]

[0.10, 2.88]

2.30
3.60
0.53
0.31

[0.54, 4.87)

1.62
1.8

ASA2

0.303
0.460

1.30

0.376
0.079
0.505
0.997

[0.49, 6.64]

ASA3

-0.83
-0.69
-0.17
0.44
0.30

-0.64
-0.12

0.43 [0.17, 1.10]
0.2

0.44

-0.83
-0.81

Age>75

0.213

[0.05, 1.97]

[0.19, 1.00]
[0.00, inf]

Age 65-74
BMI>40

0.999
0.276

[0.00, inf]

<0.001

0.36

<0.001
1.07
1.22
1.46
0.79
0.63

-0.17
0.07
0.20
0.38

BMI 25.29.9

1.56
1.35
2.73
0.62

0.74

[0.06, 2.27]

-1.03
0.01

0.877

[0.43,2.72]

[0.18,5.57]  0.987

[0.00, inf]

1.01

<0.001
2.04

0.703

[0.44, 3.42]

BMI 30-34.9

1.01

0.999
0.404
0.999
0.999
0.613

-19.7
0.72

0.567
0.527
0.544
0.997

[0.39, 5.49]
[0.39,1.59]

BMI 35-39.9
Sex Female

-0.49
-0.29
-17.34

-0.27

[0.38, 11.00]
[0.00, inf]

-0.22
-0.46
-17.00
-0.09
-2.14

<0.001
<0.001

-18.3
-18.1

0.39

[0.14, 2.80]
[0.00, inf]

Ethnicity Maori

[0.00, inf]

<0.001

0.92
8.08

Ethnicity Other
Funding Public
Implant ECF

1.48 [0.32, 6.77] 0.77

0.821

[0.44, 1.93]

0.602

[0.36,1.08]

»=0.584

T Log-rank test of model for Rimfit

»=0.658

+ Log-rank test of model for ECF

0.645

p=

tLog-rank test of model for both implants

or funding source. Future research could explore additional
patient variables not included in our model, such as pre- and
post-surgical activity and smoking status.

Decline in cemented THA

Despite their proven durability, however, there has been a
noticeable decline in the use of fully cemented THAs, par-
ticularly in NZ, Australia, the UK, and the USA [27, 28].
One key reason is the rise of cementless and hybrid implants,
perceived to offer easier revisions and better long-term bone
integration [29] particularly in younger patients [16]. The
move from cemented to cementless fixation was driven by
the promise of biological ingrowth, anticipated simpler revi-
sion, and influence from training and industry [30-32]. But
registry evidence shows cementless fixation is not univer-
sally superior particularly in elderly women [33], and many
systems are rebalancing toward a selective, patient-specific
fixation choice [34]. The extremely low periprosthetic frac-
ture rate of both the ECF and Rimfit cohorts indicate the
cemented V40 stem offers reduced fracture risk, which
is especially important in osteoporotic and fragile bone
by offering immediate fixation and uniform load transfer,
reducing micromotion and early loosening [35] particularly
those over the age of 65 [36]. A growing body of evidence
suggests that hybrid implants with cemented stems and
cementless acetabular components might offer advantages
over fully cemented or cementless options due to the com-
bined benefits of stem stability and acetabular osseointegra-
tion [15, 16, 30, 37-39]. Pearce et al. (2025) noted there
exists limited definitive evidence of specific hybrid implant
superiority for osteoarthritis [40].

Patient reported outcomes

Other than survival, PROMs are an important consideration
in determining THA success. Extended THA survival, yet
poor quality of life, pain, and impaired function, indicates a
poor outcome regardless of implant longevity [41]. Compar-
ative PROMs studies for broad category cemented implants
versus other categories show inconsistent outcomes [42—45]
with studies investigating heterogenous populations and a
selection of different PROM:s tools [40]. Pearce et al. [46]
identified excellent long-term PROMs up to 10 years for
this ECF cohort in a recent study with a mean Oxford Hip
score >41 and very good mean score >39 up to 15 years,
with no significant difference in scores at 1, 5, 10 and 15
years. A similar study of Rimfit PROMs and comparison to
the ECF would offer a strong comparison of these cemented
implants. Future THA research should incorporate PROMs
to better capture functional recovery and quality of life cru-
cial for a comprehensive evaluation of implant success [47].
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Specific instruments such as the Oxford Hip Score, Western
Ontario and McMaster Universities Osteoarthritis index and
a health-related quality of life tool, with domains including
pain, function and overall patient satisfaction could be used
to complement registry-based data alongside comparison of
homogenous patient populations.

Considering the predominant use of hybrid fixation
(51%) over cemented (4%) [14] in NZ, we recommend a
comparative survival and Cox regression analysis of high-
use hybrid implants; with consistent V40 stem use and
highly crosslinked PE liners; with the cemented Rimfit in
this population, over the same observation period, and a
closer inspection and comparison of 10-year PROMs. Such
a study may identify patient subgroups more susceptible to
poor THA survival but also poorer PROMs outcomes.

Conclusion

The 10-year survival of both the ECF and Rimfit in this
region of NZ is positive. The favourable survival rate of the
Rimfit supports its continued use and justifies it as a replace-
ment of the ECF in this region, with 10-year survival out-
comes not affected by age, sex, BMI, ethnicity, ASA rating,
or funding source. Future studies should include PROMs
comparison between the Rimfit and ECF to identify whether
Rimfit PROMs are at a minimum consistent with the ECF.
With the increased use of hybrid THA in NZ, a survival and
PROMSs comparison of the Rimfit with a commonly used
hybrid implant; with the same V40 stem; analysing the same
patient predictors, is also recommended.

Limitations

This study is observational thus causal influences cannot be
made. While overall survival success is an important out-
come, we acknowledge that it is not the sole indicator of
a successful THA. We also acknowledge that patient char-
acteristics are not the only predictors of outcomes. Poten-
tial confounders such as differences in surgical approach,
cement brands and intraoperative technique may influence
outcomes but could not be fully accounted for in this study.
However, as 93% of surgeries were performed by the same
surgeons the possibility of confounding is less likely. The
relatively small sample sizes representing Maori and Other
ethnicities, patients under 55 years, and individuals with
greater BMI may lead to less reliable analyses and increases
risk of error. Lack of statistical significance therefor war-
rants cautious interpretation. This uncertainty may not accu-
rately reflect the true population values.

Acknowledgements The authors would like to acknowledge the New
Zealand Orthopaedic Association for allowing access to the regional

data from the New Zealand Joint Registry for the study, Tauranga
Orthopaedic Research and the University of Waikato for the PhD
scholarship.

Author contributions AP led the project and is the primary author of
the manuscript. KHL contributed as second author. GC, TL, SM, and
AV facilitated access to data and, together with AP and KHL, con-
tributed to the study design, defined the research focus, and provided
critical feedback and intellectual input throughout the project. CJ de-
veloped the statistical methodology and analysis in collaboration with
AP. All authors reviewed and approved the final manuscript for sub-
mission.

Funding Tauranga Orthopaedic Research (TOR) and the University
of Waikato provided funding in the provision of a PhD scholarship.

Data availability The data that support the findings of this study are
not openly available due to reasons of sensitivity and are available
from the corresponding author upon reasonable request. Data are
located in controlled access data storage at the University of Waikato.

Declarations

Conflict of interest One author is an Editorial board member, Journal
of Hand Surgery (Asia-Pacific), and another is on the Committee Asia
Pacific, Orthopaedic Association, Hand & Upper Limb Section. One
author is a Council member of the NZ Orthopaedics Association. Two
authors have disclosed paid presentations for Stryker in 2023. One au-
thor has a Training & Education contract for Stryker.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if you modified the licensed
material. You do not have permission under this licence to share
adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Cre-
ative Commons licence, unless indicated otherwise in a credit line to
the material. If material is not included in the article’s Creative Com-
mons licence and your intended use is not permitted by statutory regu-
lation 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.org/licenses/by-nc-nd/4.0/.

References

1. Satalich JR, Lombardo DJ, Newman S, Golladay GJ, Patel NK
(2022) Cementation in total hip arthroplasty: History, principles,
and technique. EFORT Open Rev 7(11):747-757. https://doi.org/
10.1530/EOR-22-0002

2. Boote AT, Deehan DJ, Rankin KS, Swailes DC, Hyde PJ (2022)
The addition of a flange does not improve the pressure generated
during cemented acetabular cup implantation. J Biomed Mater
Res B Appl Biomater 110(10):2290-2298. https://doi.org/10.100
2/jbm.b.35077

3. Niculescu M, Solomon BL, Viscopoleanu G, Antoniac I (2015)
In: Antoniac I (ed) Evolution of cementation techniques and bone
cements in hip arthroplasty. Springer, Cham

4. Lamberton TD, Whitehouse SL, Timperley AJ (2023) Cemented
THA with the Exeter contemporary flanged cup in primary total

@ Springer


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EOR-22-0002
https://doi.org/10.1530/EOR-22-0002
https://doi.org/10.1002/jbm.b.35077
https://doi.org/10.1002/jbm.b.35077

495 Page 10 of 11

Archives of Orthopaedic and Trauma Surgery (2025) 145:495

10.

11.

12.

13.

14.

15.

16.

17.

18.

hip arthroplasty: minimum ten-year follow-up of fully cemented
total hip arthroplasties with conventional polyethylene. Bone
Joint J 105-B(SUPP3):101. https://doi.org/10.1302/1358-992X.
2023.3.101

Maggs JL, Smeatham A, Whitehouse SL, Charity J, Timperley
Al, Gie GA (2016) The Exeter contemporary flanged cemented
acetabular component in primary total hip arthroplasty. Bone
Joint J 98B(3):307-312. https://doi.org/10.1302/0301-620X.98B
3.35901

Partridge T, Ghosh M, Jameson S, Partington P, Carluke I, Reed M
(eds) (2016) Does cup design affect dislocation rate after primary
total hip replacement? Retrospective cohort study comparing the
Exeter low profile vs Contemporary Flanged cup. Orthopaedic
Proceedings; : Orthop Procs

Kristof J, Gupta D, Szabo L, Bucsi L, Zahar A (2024) Outcomes
of Exeter cemented total hip arthroplasty in a County hospital:
survivorship of eight hundred and Ninety four hips with a mini-
mum ten-year follow up. Int Orthop 48(3):729-735. https://doi.o
rg/10.1007/500264-023-06026-y

Bota NC, Nistor DV, Caterev S, Todor A (2021) Historical over-
view of hip arthroplasty: from humble beginnings to a high-tech
future. Orthop Rev 13(1):8773. https://doi.org/10.4081/0r.2021.8
773

Migliorini F, Maffulli N, Pilone M, Bell A, Hildebrand F, Konrads
C (2023) Risk factors for liner wear and head migration in total
hip arthroplasty: a systematic review. Sci Rep 13(1):15612. https
://doi.org/10.1038/541598-023-42809-4

Exeter X (2025) RimFit Socket: Which Medical Device; [Avail-
able from: https://www.whichmedicaldevice.com/by-manufactur
er/68/638/exeter-x3-rimfit-socket

Mahon J, McCarthy CJ, Sheridan GA, Cashman JP, O’Byrne JM,
Kenny P (2020) Outcomes of the Exeter V40 cemented femoral
stem at a minimum of ten years in a non-designer centre. Bone Jt
Open 1(12):743-748. https://doi.org/10.1302/2633-1462.112.BJ
0-2020-0163.R1

Daoub A, Qayum MK, Al-Hashimi KA, Clark D (2022) A rare
case of a fractured Exeter V40 stem in revision hip arthroplasty. J
Orthop Case Rep 12(4):101. https://doi.org/10.13107/JOCR.202
2.V12.104.2786

Evans JT, Salar O, Whitehouse SL, Sayers A, Whitehouse MR,
Wilton T, Hubble MJW et al (2023) Survival of the Exeter V40
short revision (44/00/125) stem when used in primary total hip
arthroplasty. Bone Joint J 105-B(5):504—510. https://doi.org/10.1
302/0301-620X.105B5.BJJ-2022-1124.R1

McKie JWJ, Frampton C, Poutawera V, Lamberton T, Coleman
B, Young S, Debenham M, Poon P (2024) The new Zealand joint
Registry. Twenty-four year report. January 1999 to December
2023. New Zealand Orthopaedic Association

Boyle AB, Zhu M, Frampton C, Poutawera V, Vane A (2023)
Comparing modern uncemented, hybrid and cemented implant
combinations in older patients undergoing primary total hip
arthroplasty, a new Zealand joint registry study. Arch Orthop
Trauma Surg 143(6):3597-3604. https://doi.org/10.1007/s0040
2-022-04610-2

Boyle AB, Zhu M, Frampton C, Vane A, Poutawera V (2022)
Comparing uncemented, hybrid and cemented primary total hip
arthroplasty in young patients, a new Zealand joint registry study.
Arch Orthop Trauma Surg 142(9):2371-2380. https://doi.org/10.
1007/S00402-021-04085-7

Junnila M, Laaksonen I, Eskelinen A, Pulkkinen P, Ivar Havelin
L, Furnes O, Marie Fenstad A et al (2016) Implant survival of the
most common cemented total hip devices from the nordic arthro-
plasty register association database. Acta Orthop 87(6):546-553.
https://doi.org/10.1080/17453674.2016.1222804
vanWinterswijk PJTS, Whitehouse SL, Timperley AJ, Hubble
MIJW, Howell JR, Wilson MJ (2017) The rim cutter does not show

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

an advantage over modern cementing techniques: A five-year
radiological and clinical follow-up of the rim cutter used with
flanged acetabular components. Bone Joint J 99-B(11):1450—
1457. https://doi.org/10.1302/0301-620X.99B11.BJJ-2017-0138
.R1

Assessing your weight | Healthy weight, nutrition, and physical
activity | CDC [Available from: https://www.cdc.gov/healthywei
ght/assessing/index.html

Posit T, RStudio (2023) Integrated Development Environment for
R. Posit Software.PBC. Boston, MA.Boston, MA

Mikela KT, Matilainen M, Pulkkinen P, Fenstad AM, Havelin L,
Engesaeter L, Furnes O et al (2014) Failure rate of cemented and
uncemented total hip replacements: register study of combined
nordic database of four nations. BMJ 348. https://doi.org/10.1136
/BMIJ.F7592

Clar C, Leitner L, Koutp A, Hauer G, Rasic L, Leithner A, Sadoghi
P (2024) The worldwide survival rate of total hip arthroplasties is
improving: a systematic comparative analysis using worldwide
hip arthroplasty registers. EFORT Open Rev 9(8):745-750. https
://doi.org/10.1530/EOR-23-0080

Kunutsor SK, Barrett MC, Beswick AD, Judge A, Blom AW,
Wylde V, Whitehouse MR (2019) Risk factors for dislocation
after primary total hip replacement: A systematic review and
meta-analysis of 125 studies involving approximately five mil-
lion hip replacements. Lancet Rheumatol 1(2):e111—e21. https://
doi.org/10.1016/S2665-9913(19)30045-1

Kunutsor SK, Beswick AD, Whitehouse MR, Blom AW, Len-
guerrand E (2019) Implant fixation and risk of prosthetic joint
infection following primary total hip replacement: Meta-analysis
of observational cohort and randomised intervention studies. J
Clin Med Res 8(5). https://doi.org/10.3390/jcm8050722

Bissias C, Kaspiris A, Kalogeropoulos A, Papoutsis K, Natsioulas
N, Barbagiannis K, Papagelopoulos PJ et al (2021) Factors affect-
ing the incidence of postoperative periprosthetic fractures follow-
ing primary and revision hip arthroplasty: A systematic review
and meta-analysis. J Orthop Surg Res 16(1):15. https://doi.org/10
.1186/s13018-020-02152-0

Bayliss LE, Culliford D, Monk AP, Glyn-Jones S, Prieto-Alham-
bra D, Judge A, Cooper C et al (2017) The effect of patient age
at intervention on risk of implant revision after total replace-
ment of the hip or knee: a population-based cohort study. Lancet
389(10077):1424-1430. https://doi.org/10.1016/s0140-6736(17)
30059-4

Zhang CF, Yan CH, Zhang WM (2017) Cemented or cementless
fixation for primary hip arthroplasty- evidence from the interna-
tional joint replacement registries. Ann Jt 2:1-10. https://doi.org/
10.21037/20j.2017.09.03

Paxton EW, Cafri G, Nemes S, Lorimer M, Karrholm J, Malchau
H, Graves SE et al (2019) An international comparison of THA
patients, implants, techniques, and survivorship in Sweden, Aus-
tralia, and the United States. Acta Orthop 90(2):148—152. https://
doi.org/10.1080/17453674.2019.1574395

Matthias J, Bostrom MP, Lane JM (2021) A comparison of risks
and benefits regarding hip arthroplasty fixation. ] Am Acad
Orthop Surg Glob Res Rev 5(11). https://doi.org/10.5435/JAAOS
Global-D-21-00014

Karuppal R (2016) Biological fixation of total hip arthroplasty:
facts and factors. J Orthop 13(3):190-192. https://doi.org/10.101
6/j.jor.2016.06.002

Diaz Dilernia F, Bohm E, Wood GCA (2025) High variability in
the use of cement for femoral stem fixation in hip fractures-An
analysis of the Canadian joint replacement registry. J Clin Med
14(15). https://doi.org/10.3390/jcm14155463

Ryan JC, Duensing IM, Novicoff WM, Browne JA (2022)
Are we training surgeons to cement a femoral component in


https://doi.org/10.1302/0301-620X.99B11.BJJ-2017-0138.R1
https://doi.org/10.1302/0301-620X.99B11.BJJ-2017-0138.R1
https://www.cdc.gov/healthyweight/assessing/index.html
https://www.cdc.gov/healthyweight/assessing/index.html
https://doi.org/10.1136/BMJ.F7592
https://doi.org/10.1136/BMJ.F7592
https://doi.org/10.1530/EOR-23-0080
https://doi.org/10.1530/EOR-23-0080
https://doi.org/10.1016/S2665-9913(19)30045-1
https://doi.org/10.1016/S2665-9913(19)30045-1
https://doi.org/10.3390/jcm8050722
https://doi.org/10.1186/s13018-020-02152-0
https://doi.org/10.1186/s13018-020-02152-0
https://doi.org/10.1016/s0140-6736(17)30059-4
https://doi.org/10.1016/s0140-6736(17)30059-4
https://doi.org/10.21037/aoj.2017.09.03
https://doi.org/10.21037/aoj.2017.09.03
https://doi.org/10.1080/17453674.2019.1574395
https://doi.org/10.1080/17453674.2019.1574395
https://doi.org/10.5435/JAAOSGlobal-D-21-00014
https://doi.org/10.5435/JAAOSGlobal-D-21-00014
https://doi.org/10.1016/j.jor.2016.06.002
https://doi.org/10.1016/j.jor.2016.06.002
https://doi.org/10.3390/jcm14155463
https://doi.org/10.1302/1358-992X.2023.3.101
https://doi.org/10.1302/1358-992X.2023.3.101
https://doi.org/10.1302/0301-620X.98B3.35901
https://doi.org/10.1302/0301-620X.98B3.35901
https://doi.org/10.1007/s00264-023-06026-y
https://doi.org/10.1007/s00264-023-06026-y
https://doi.org/10.4081/or.2021.8773
https://doi.org/10.4081/or.2021.8773
https://doi.org/10.1038/s41598-023-42809-4
https://doi.org/10.1038/s41598-023-42809-4
https://www.whichmedicaldevice.com/by-manufacturer/68/638/exeter-x3-rimfit-socket
https://www.whichmedicaldevice.com/by-manufacturer/68/638/exeter-x3-rimfit-socket
https://doi.org/10.1302/2633-1462.112.BJO-2020-0163.R1
https://doi.org/10.1302/2633-1462.112.BJO-2020-0163.R1
https://doi.org/10.13107/JOCR.2022.V12.I04.2786
https://doi.org/10.13107/JOCR.2022.V12.I04.2786
https://doi.org/10.1302/0301-620X.105B5.BJJ-2022-1124.R1
https://doi.org/10.1302/0301-620X.105B5.BJJ-2022-1124.R1
https://doi.org/10.1007/s00402-022-04610-2
https://doi.org/10.1007/s00402-022-04610-2
https://doi.org/10.1007/S00402-021-04085-7
https://doi.org/10.1007/S00402-021-04085-7
https://doi.org/10.1080/17453674.2016.1222804
https://doi.org/10.1080/17453674.2016.1222804

Archives of Orthopaedic and Trauma Surgery (2025) 145:495

Page 11 0of 11 495

33.

34.

35.

36.

37.

38.

39.

hip arthroplasty? The trainees’ perspective. J Arthroplasty
37(7S):S536-S9. https://doi.org/10.1016/j.arth.2022.03.005
Humez M, Kotter K, Skripitz R, Kuhn KD (2024) Evidence for
cemented TKA and THA based on a comparison of international
register data. Orthopadie (Heidelb) 53(8):597-607. https://doi.or
2/10.1007/s00132-024-04489-4

Khanuja HS, Mekkawy KL, MacMahon A, McDaniel CM, Allen
DA, Moskal JT (2022) Revisiting cemented femoral fixation in
hip arthroplasty. J Bone Joint Surg Am 104(11):1024—-1033. https
://doi.org/10.2106/JBJS.21.00853

Gjertsen JE, Nilsen D, Furnes O, Hallan G, Kroken G, Dybvik E,
Fenstad AM (2024) Promoting cemented fixation of the femoral
stem in elderly female hip arthroplasty patients and elderly hip
fracture patients: A retrospective cohort study from the Norwe-
gian arthroplasty register and the Norwegian hip fracture register.
Acta Orthop 95:130-137. https://doi.org/10.2340/17453674.202
4.40073

Kelly M, Chen AF, Ryan SP, Working ZM, Porter KR, De A, Mul-
len K et al (2023) Cemented femoral fixation in total hip arthro-
plasty reduces the risk of periprosthetic femur fracture in patients
65 years and older: an analysis from the American joint replace-
ment registry. J Arthroplasty 38(7 Suppl 2):S351-S4. https://doi.
org/10.1016/j.arth.2023.04.039

Fowler AK, Gray AR, Gwynne-Jones DP (2019) Hybrid fixa-
tion for total hip arthroplasty showed improved survival over
cemented and uncemented fixation: A single-center survival
analysis of 2156 hips at 12—18 years. J Arthroplasty 34(11):2711—
2717. https://doi.org/10.1016/J.ARTH.2019.06.031

Erivan R, Villatte G, Lecointe T, Mulliez A, Descamps S, Bois-
gard S (2019) Long-term survival of hybrid total hip arthroplasty
with the uncemented CLS cup, cemented Muller cobalt-chro-
mium stem, and 28-mm metasul bearings: retrospective review of
115 hips after a minimum of 17.8 years. Orthop Traumatol Surg
Res 105(7):1289-1295. https://doi.org/10.1016/j.0tsr.2019.06.01
9

Evans JT, Evans JP, Walker RW, Blom AW, Whitehouse MR,
Sayers A (2019) How long does a hip replacement last? A sys-
tematic review and meta-analysis of case series and National
registry reports with more than 15 years of follow-up. Lancet
393(10172):647—-654. https://doi.org/10.1016/S0140-6736(18)3 1
665-9

40.

41.

42.

43.

44,

45.

46.

47.

Pearce A, Butcher A, Hebert-Losier K (2025) Outcomes of
cemented and hybrid primary total hip arthroplasty for osteoar-
thritis: A systematic review with narrative synthesis. Arch Orthop
Trauma Surg 145(1):388. https://doi.org/10.1007/s00402-025-06
007-3

Golinelli D, Grassi A, Tedesco D, Sanmarchi F, Rosa S, Rucci
P, Amabile M et al (2022) Patient reported outcomes measures
(PROMs) trajectories after elective hip arthroplasty: A latent class
and growth mixture analysis. J Patient Rep Outcomes 6(1):1-12.
https://doi.org/10.1186/S41687-022-00503-5/TABLES/4
Jameson SS, Mason J, Baker PN, Gregg PJ, Deehan DJ, Reed
MR (2015) Implant optimisation for primary hip replacement
in patients over 60 years with osteoarthritis: A cohort study of
clinical outcomes and implant costs using data from England and
Wales. PLoS ONE 10(11):e0140309—e¢. https://doi.org/10.1371/J
OURNAL.PONE.0140309

Abdulkarim A, Ellanti P, Motterlini N, Fahey T, O’Byrne JM
(2013) Cemented versus uncemented fixation in total hip replace-
ment: A systematic review and meta-analysis of randomized con-
trolled trials. Orthop Rev (Pavia) 5(1):e8—e. https://doi.org/10.40
81/0r.2013.e8

Nilsdotter AK, Lohmander LS (2003) Patient relevant outcomes
after total hip replacement. A comparison between different surgi-
cal techniques. Health Qual Life Outcomes 1:21. https://doi.org/1
0.1186/1477-7525-1-21

Onsten I, Besjakov J, Carlsson AS (1994) Improved radiographic
survival of the Charnley prosthesis in rheumatoid arthritis and
osteoarthritis. Results of new versus old operative techniques in
402 hips. J Arthroplasty 9(1):3-8. https://doi.org/10.1016/0883-5
403(94)90131-7

Pearce A, Joshi C, Chan G, Lamberton T, MacLean S, Vane A,
Hebert-losier K (2025) Fifteen-year patient reported outcomes of
a cemented flanged cup and stem combination in primary total hip
arthroplasty- A new Zealand study. HIP Int. https://doi.org/10.117
7/11207000251371132

Okafor L, Chen AF (2019) Patient satisfaction and total hip
arthroplasty: A review. Arthroplasty 1(1):6. https://doi.org/10.11
86/s42836-019-0007-3

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

@ Springer


https://doi.org/10.1007/s00402-025-06007-3
https://doi.org/10.1007/s00402-025-06007-3
https://doi.org/10.1186/S41687-022-00503-5/TABLES/4
https://doi.org/10.1186/S41687-022-00503-5/TABLES/4
https://doi.org/10.1371/JOURNAL.PONE.0140309
https://doi.org/10.1371/JOURNAL.PONE.0140309
https://doi.org/10.4081/or.2013.e8
https://doi.org/10.4081/or.2013.e8
https://doi.org/10.1186/1477-7525-1-21
https://doi.org/10.1186/1477-7525-1-21
https://doi.org/10.1016/0883-5403(94)90131-7
https://doi.org/10.1016/0883-5403(94)90131-7
https://doi.org/10.1177/11207000251371132
https://doi.org/10.1177/11207000251371132
https://doi.org/10.1186/s42836-019-0007-3
https://doi.org/10.1186/s42836-019-0007-3
https://doi.org/10.1016/j.arth.2022.03.005
https://doi.org/10.1007/s00132-024-04489-4
https://doi.org/10.1007/s00132-024-04489-4
https://doi.org/10.2106/JBJS.21.00853
https://doi.org/10.2106/JBJS.21.00853
https://doi.org/10.2340/17453674.2024.40073
https://doi.org/10.2340/17453674.2024.40073
https://doi.org/10.1016/j.arth.2023.04.039
https://doi.org/10.1016/j.arth.2023.04.039
https://doi.org/10.1016/J.ARTH.2019.06.031
https://doi.org/10.1016/j.otsr.2019.06.019
https://doi.org/10.1016/j.otsr.2019.06.019
https://doi.org/10.1016/S0140-6736(18)31665-9
https://doi.org/10.1016/S0140-6736(18)31665-9

	﻿10-year survival comparison of two cemented implants in primary total hip arthroplasty for osteoarthritis: a New Zealand regional study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Data source and collection
	﻿Survival
	﻿Reasons for revision
	﻿Regression

	﻿Results


