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Abstract

Introduction: Primary total hip arthroplasty (THA) for osteoarthritis (OA) success is typically assessed using
implant survival as the primary outcome; however, revision surgery alone underestimates the true burden of
suboptimal outcomes (e.g., pain or poor function). Secondary outcomes, or patient-reported outcomes
(PROMs), therefore provide a complementary assessment of THA success. During the last two decades, fully
cemented THAs have been progressively replaced by uncemented ones, despite limited long-term comparative
evidence. Although national registry data allow analysis of broad implant category types, they may lack implant
and PROM detail compared to regional registries. This Thesis evaluates whether changes in implant design and
fixation strategy have translated into significant and meaningful improvements in implant survival and patient

outcomes in the Bay of Plenty region of Aotearoa New Zealand (NZ).

Aims: This Thesis aimed to evaluate long-term survival and PROMs of an early generation cemented, modern
cemented, and modern hybrid primary THA for OA, and identify patient factors or funding source associated
with these outcomes. The work first synthesised existing evidence comparing cemented and hybrid fixation. It
then compared survival between the earlier generation THA and its modern cemented successor of the same
lineage. Thereafter, the work identified long-term PROMs in earlier generation cemented THA and then
compared 10-year PROMs between the two cemented THA generations. Finally, survival and PROM outcomes
of the hybrid THA were compared with the modern cemented. Influential patient and funding factors of

primary and secondary outcomes were identified across all studies.

Methods: This Thesis comprised a systematic literature review and linked retrospective cohort studies using
prospectively collected arthroplasty survival and PROM data from the NZ joint registry (NZJR) and Tauranga
Orthopaedic Research Inc. registry for the Bay of Plenty region. Patients undergoing primary THA for OA
between 2003 to 2023 with earlier generation cemented, modern cemented, or modern hybrid THAs were
included. PROMs included the Oxford Hip Score (OHS), McMaster University Osteoarthritis index (WOMAC),
and Veterans Rand 12-item health survey (VR-12). Baseline differences were addressed using propensity score
weighting. Implant survival was analysed using Cox regression, and PROMs were analysed longitudinally
including changes from baseline. Multivariable models examined the influence of sex, ethnicity, age at surgery,
body mass index (BMI), American Anesthesiologist Society (ASA) rating, and funding source (public versus

private) on outcomes.

Results: In the literature, five studies compared survival and three compared PROMs between cemented and
hybrid primary THA for OA. Survival outcomes were no different between THAs in three studies, but cemented

survival was superior in two studies. PROMs were no different in the three available studies.



Across all registry analyses, a total of 3,186 THAs (early generation cemented n = 363; modern cemented n =
1,267; modern hybrid n = 1,556) were included. The 10-year survival estimates [95% confidence interval] were
not significantly different between the modern cemented THA (95.6% [93.4, 97.9]) and its early generation
predecessor (97% [95.9, 98.2], p = 0.334). Fifteen-year PROMs for the early generation demonstrated sustained
long-term improvements in pain and function. No significant differences in physical postoperative PROMs
(OHS, WOMAC, VR-12 physical) were observed between early generation and modern cemented THA. Mental
health scores were significantly better in the modern cemented THA preoperatively (p = 0.005) and at 1 (p =

0.042) and 5 years (p = 0.004).

Crude 10-year survival in the modern cemented THA (97.0% [95.9, 98.2]) was superior to the hybrid (95.9%
[94.7, 97.0], p = 0.04). However, after propensity weighting, implants showed no significant difference in
revision (hazard ratio 1.40 [0.85, 2.31], p = 0.188). Hybrid THA demonstrated larger PROM change scores from
baseline, attributable to poorer baseline status. There were no significant differences in postoperative PROMs
at 1, 5, and 10-years for OHS and WOMAC. However, VR-12 physical (p = 0.031) and mental (p = 0.047) PROMs

in the modern cemented were better across timepoints.

Regression analyses did not identify patient factors as significant predictors of survival. Preoperative PROMs
were consistent predictors of poorer postoperative PROMs in all THAs. Factors such as BMI, ASA, sex, and
funding source were significant independent predictors of poorer preoperative PROMs in all THAs. Ethnicity
influenced modern cemented and hybrid preoperative mental health, and all modern cemented postoperative
PROMs. Age at surgery was also a significant predictor of poorer postoperative PROMs. Analyses indicated
poorer outcomes when patients were female, Maori, had a higher BMI, greater ASA, public funding source, and
older age at surgery. Although these factors were identified as significant PROM predictors, R? values between

0.08 and 0.31 indicate only a modest proportion of the variance was explained.

Discussion: This Thesis demonstrates that iterative changes within cemented implant lineage resulted in no
significant changes in survival and physical PROMS up to 10 years. Hybrid THA delivers similar long-term
survival and PROM performance in the Bay of Plenty region to cemented. These findings challenge the
assumption that newer fixation strategies represent meaningful clinical advancements. In this cohort, PROMs
were influenced more strongly by patient and funding characteristics than by fixation type. There are

subgroups which are at risk for poorer outcomes that require further investigation.

Conclusion: Modern cemented successor implants provide survival and PROMs that are comparable to their
predecessors and to modern hybrid constructs. The widespread shift away from fully cemented THA in this

region is not supported by evidence of significantly superior survival or long-term PROMs in hybrid THA.
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Chapter 1. Introduction and background

1.1. Osteoarthritis

Osteoarthritis (OA) is a degenerative joint condition where the protective cartilage cushioning the ends of
bones wears down over time, leading to pain, stiffness, swelling, and reduced movement in affected joints,
commonly the hands, knees, hips, and spine. OA of the hip is a leading cause of pain, disability, and loss of
independence worldwide (Xie et al., 2025) (Figure 1). As populations age and obesity and sedentary behaviour
increase, the prevalence of symptomatic hip OA continues to rise (Wang et al., 2024). Consequences of
untreated or inadequately treated OA include chronic pain, decreased mobility, loss of workforce participation
and productivity, increased reliance on health and social care services, and deterioration in mental health and

quality of life (Xie et al., 2025).

Acetabulum

Damagecl\§ p :

cartilage

Bone
spurs

Osteoarthritis of a hip

Femoral head and acetabulum within pelvis

Figure 1. Osteoarthritis of the hip showing the femoral head and acetabulum within the pelvis.

Note. Image generated and checked by the author using ChatGPT (OpenAl), January 2026.

From a public perspective, OA is a major contributor to years lived with disability (YLD) (Hunter et al., 2014)
and health system expenditure (Leifer et al., 2022). Wang et al. (2024) reported 606.5 million global
osteoarthritis cases by 2021, highlighting it as a major public health challenge due to its disability burden. In
2021 OA was ranked 14 out of 25 of the leading level 3 global causes of YLDs (2.3% of all causes at 21.3 million
YDLs), with an increase of 36.9% between 2010 and 2021, greater than 23 of the other25 causes (including
lower back pain, anxiety, depression, vision loss, falls, stroke, and Chronic Obstructive Pulmonary Disease)
(Ferrari et al., 2024). Over 450,000 total joint replacements were recorded in New Zealand (NZ) over 23 years

up to and including 2021. Of these, 202,460 were primary (first) total hip replacements and 178,165 were due
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to osteoarthritis (McKie et al., 2024). In New Zealand (NZ), hip OA accounted for 22, 864 disability adjusted life
years in 2023 at a cost of over $1 billion, and 1,967 YDLs. There were over 62,000 people living with OA of the
hip and 2684 new cases in 2023 (Institute for Health Metrics and Evaluation, 2024) with a mean age of ~65
years for men and ~68 years for women (McKie et al., 2024). It is estimated the NZ population aged over 65 will
grow by 74% from 2018 to 2038 (Hogan, 2022), placing significant demand on clinical services for osteoarthritis

and increasing costs exponentially.

1.2. Total hip arthroplasty

Total hip arthroplasty (THA) is widely regarded as one of the most successful surgical procedures for pain relief
and functional improvement (Yamate et al., 2023) of hip OA where the affected hip joint is replaced with a
prosthetic implant. THA is effective across a broad range of ages and disease severity and capable of restoring
independence and quality of life when conservative management fails (Knight et al., 2011). When evaluated
using health economic metrics, such as cost per quality-adjusted life year, THA consistently ranks among the
most cost-effective medical interventions, even in older patients (Agarwal et al., 2021). Therefore, the necessity
of THA for end-stage OA is strongly supported by decades of clinical and economic evidence (Agarwal et al.,

2021; Brauer et al., 2005; Lavernia et al., 2015; Nwachukwu et al., 2015; Shichman et al., 2023).

Outcomes following THA are conventionally evaluated on implant survival, but there is increasing recognition
that patient-reported outcome measures (PROMs) are important in the assessment of THA success. For the
purpose of this Thesis, survival and PROMs are viewed as complementary domains and reported as primary
and secondary outcomes respectively. Implant survival reflects the mechanical and biological durability of the
prosthesis used in THA and is expressed as time to revision for any cause or for specific reasons for revision,
such as aseptic (i.e., without infection) loosening and periprosthetic fracture (i.e., fracture after insertion of a
prosthesis) (Khan, 2017). Survival analysis provides an objective indicator of implant performance and is
sensitive to differences in fixation method of the implant; implant design, such as material and shape; and
patient factors, like sex or age (Clar et al., 2024). In contrast, PROMs capture the patient’s perspective of
treatment success, encompassing pain, function, quality of life, and satisfaction, and may detect clinically
important differences that are not apparent from revision rates alone (Simon et al., 2025). Importantly, high
implant survival does not necessarily equate to optimal patient experience (Varacallo et al., 2018). Although
two implants may present similar survival rates, one can outperform the other in terms of PROMs.
Comprehensive evaluation of THA therefore requires concurrent assessment of both survival and PROMs to

fully characterise the effectiveness of competing implant methods.

Three to four components are required for a THA: a femoral stem; a femoral head, also known as a bearing; an
acetabular cup; and a liner, which is used with an uncemented acetabular cup. The acetabular cup and the
femoral stem are fixed directly to the bone. These components can be attached with or without cement. In an
uncemented cup, a liner (usually polyethylene or ceramic) is placed inside the cup, and the femoral head is

attached to the stem (Figure 2). Furthermore, there are four implant fixation options: fully cemented, where

21



the femoral stem and acetabular cup are both cemented to the bone; cementless, both components are
cementless and pressed into the bone; hybrid, a cemented stem and cementless cup; and reverse hybrid, a
cementless stem and a cemented cup (Pennington, Grieve, Black, et al., 2013). Early generation cemented
acetabular cups were usually manufactured from ultra-high molecular weight polyethylene (UHMWPE),
whereas modern cemented acetabular cups are typically made of cross-linked polyethylene (XLPE), developed

to reduce wear (Kawata et al., 2017; van Loon et al., 2020).

1.2.1. Evolution of polyethylene bearing surfaces

The history of bearing surface development in THA is a history of failure and material refinement, with each
generation of implant exposing a previously unrecognised mechanism of biological harm. The earliest attempts
at THA were pioneered by Sir John Charnley, who in 1958 introduced the concept of low friction arthroplasty.
Central to this design was the use of polytetrafluoroethylene, commercially known as Teflon, as the acetabular
bearing surface. Charnley was attracted to polytetrafluoroethylene because of its low coefficient of friction,
which he believed replicated the properties of articular cartilage. However, in vivo performance was poor

(Charnley, 1961).

Following implantation in approximately 300 patients, two critical failure modes emerged: first,
polytetrafluoroethylene exhibited wear rates as high as 0.5 mm per month; and second, the resultant wear
debris caused a foreign body tissue reaction characterised by periprosthetic inflammation (Gomez &
Morcuende, 2005). By 1962, Charnley had abandoned polytetrafluoroethylene acknowledging the biological
reactivity of the wear debris had underpinned its clinical failure (Charnley, 1972). This shift in understanding,
that implant debris biocompatibility was as critical as bulk material compatibility, would define the trajectory of
bearing surface research for the next six decades. In response to the polytetrafluoroethylene failures, Charnley
transitioned to UHMWPE as the acetabular cup material, which established the dominant bearing in THA for
the remainder of the twentieth century. The Charnley low friction arthroplasty, which paired a 22.25 mm
cobalt chromium femoral head with a cemented UHMWPE acetabular cup, demonstrated superior wear
performance compared to the polytetrafluoroethylene cup and became widely regarded as the gold standard

for THA design (Older, 2002).

Although UHMWPE represented a substantial clinical improvement over polytetrafluoroethylene, it was not
without its own failure mechanisms. Long-term data through the 1970s and 1980s identified wear debris as the
principal mediator of periprosthetic osteolysis, a destructive biological cascade. Researchers have estimated
that approximately 100 million microscopic UHMWPE particles are released into the periprosthetic tissues for
each day of patient activity (Kurtz et al., 1999). These particles initiate an inflammatory cascade including
macrophage activation, cytokine release, and progressive bone resorption. This process leads to aseptic
loosening and implant failure, initially incorrectly attributed to the bone cement used for fixation and described
as “cement disease” (Harris, 2001). The identification of these particles represented an important diagnostic

advance. Schmalzried et al. (1993) described the use of Qil Red O stain as a technique for identifying UHMWPE
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particles within periprosthetic tissues, overcoming the limitations of conventional light microscopy for
submicron particles (Perino et al., 2018). The majority of UHMWPE particles are submicron in size with
particles in the 0.1-1.0 um range demonstrating the greatest potential for macrophage activation and osteolytic
signalling (Besong et al., 1998). Campbell et al. (1995) confirmed that the majority of UHMWPE were
submicron in size and these findings established a clear link between bearing surface wear and the osteolytic

response that continues to inform implant design and material selection.

1.2.2. Issues with sterilisation, in-air oxidation, and the shelf-ageing problem

A second distinct mechanism of material degradation arose from sterilisation methods employed during the
manufacture of UHMWPE constructs. From the early 1960s to the late 1990s, UHMWPE implants were almost
always sterilised by gamma radiation at doses of 25 to 40 kilorads (kGy), administered in ambient air. While
effective as a sterilisation technique, gamma irradiation in air initiates a complex chain of molecular
degeneration (Premnath et al., 1996). The clinically underappreciated factor of this process was the
continuation of degeneration after sterilisation, through the shelf life of the implant prior to use. The
consequence was that an implant that appeared mechanically intact at the time of packaging could become
significantly brittle and predisposed to accelerated wear by the time of implantation (Besong et al., 1998).
Besong et al. (1998) provided quantitative evidence that UHMWPE components aged for 10 years following
gamma radiation in air exhibited significantly increased wear and an altered submicron size compared to non-
irradiated controls. A landmark review summarised that gamma sterilisation was effective, but not in air
(Bracco & Oral, 2011). This prompted a change in sterilisation practice in the 1990s where gamma radiation

was performed in an inert atmosphere, but this process still did not fully eliminate reactive oxidation.

The introduction of HXLPE in 2005 represented the most significant advance in bearing material surface science
since the adoption of UHMWPE and was triggered by the recognition of wear debris-mediated osteolysis and
gamma-in-air oxidation as dominant mechanisms of conventional polyethylene failure (Gomez-Barrena et al.,
2008; Oral & Muratoglu, 2007). The central principle of HXLPE is the creation of covalent cross-links between
polymer chains, which is achieved by exposing UHMWPE to high dose ionising radiation (50 to 100 kGy) in an
inert atmosphere. The result is a three-dimensional polymer network with increased resistance to plastic

deformation under force and reduced articulating surface wear rates (McKellop et al., 2000).

A critical additional step in first generation HXLPE manufacture was post-irradiation thermal treatment, which
was designed to reduce residual free radicals that remained following irradiation. Two principal thermal
approaches were developed: remelting, where the irradiated material is heated above its melting point (~155°
C) removing all free radicals but reducing its hardness; and annealing, where the material is heated below its
melting point, which increases its hardness and mechanical strength, but does not remove all the free radicals
(Muratoglu et al., 2001). Hip simulator studies demonstrated that first-generation HXLPE bearing surfaces
dramatically reduced wear compared to conventional gamma-sterilised UHMWPE, with reductions in wear of

70 to 90% reported across laboratories and protocols (D'Antonio et al., 2016; Kurtz, 2016).
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Despite the clinical success of the first-generation HXLPE, residual concerns remained regarding oxidative
stability, particularly for annealed formulations where a small, but measurable free radical population persisted
after manufacture. Even though the free radicals were vastly reduced, oxidation might still contribute to late
mechanical degeneration, especially under high stress demands such as in knee arthroplasty. This limitation
provided the rationale for the development of second-generation HXLPE formulations (Brach Del Prever et al.,

2009).

Stryker orthopaedics introduced X3™ bearing technology in 2005. The X3™ process employs a patented
sequential irradiation and annealing protocol, where gamma irradiation and sub-melt annealing are performed
in three consecutive cycles rather than as a single high dose (D'Antonio et al., 2014; D'Antonio et al., 2012). The
rationale is that by introducing an annealing step in between each irradiation dose, the free radicals are
reduced before the next cycle introduces new radicals. Because sub-melt annealing maintains the hardness and
structure of the material, the properties are preserved avoiding the strength reduction associated with
remelted HXLPE formulations. Following the three cycles, the material is moulded and sterilised using non-
irradiating gas plasma, thus ensuring no free radicals are introduced during final sterilisation (D'Antonio et al.,
2012). Laboratory hip-simulator testing demonstrated up to a 70% reduction in wear for X3™ compared with
Crossfire®, Stryker's first-generation highly crosslinked polyethylene (Campbell et al., 2010; Dumbleton et al.,
2009). Campbell and Callary (2022) reported 10-year radio isometric analysis wear data from patients with a
Stryker Trident system and X3 liners, demonstrating a median three-dimensional wear rate of less than 0.01
mm/year and no acceleration of wear in between 5 and 10 years. National joint registry data from England and
Wales, encompassing 45,877 hips with this shell and liner combination, demonstrated improved bearing-
related revision surgery at six years for X3 compared to both conventional polyethylene and ceramic-on-
ceramic bearings (Campbell & Callary, 2022; Epinette & Jolles-Haeberli, 2016). A recent study by Ozdemir et al.
(2026) confirmed that Stryker X3 Rimfit HXLPE cemented acetabular cups demonstrate significantly reduced
polyethylene linear wear rates (0.037 mm/year) compared to the conventional UHMWPE Contemporary

Flanged cemented cups (0.109 mm/year) in young patients undergoing THA after 10 years of follow-up.!

1.2.3. Effect of the introduction of highly cross-linked polyethylene in New Zealand

The NZJR 2019 report directly compared UHMWPE and XLPE revision rates. Using ceramic femoral heads, the
revision rate per 100 component years was lower for XLPE than conventional polyethylene, being 0.54 and
0.77, respectively. For those cases using a metal femoral head, the corresponding figures were 0.56 and 0.76,

roughly a 30% reduction in revision rates at the registry population level (McKie, 2019). A 2024 study by

1The term highly cross-linked polyethylene (HXLPE) is used throughout this thesis to refer to ultra-high molecular weight
polyethylene subjected to deliberate high-dose irradiation (250 kGy) followed by post-irradiation thermal treatment, as
distinct from conventionally gamma-sterilised UHMWPE. Where registry literature uses the term 'cross-linked polyethylene'
(XLPE), this reflects the registry classification system and encompasses all formulations marketed as cross-linked, including
both first- and second-generation HXLPE products. The X3 bearing material used in the Exeter RimFit cup examined in this
study is a second-generation sequentially irradiated and annealed HXLPE.
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Williams et al. (2024) directly analysed NZJR revision data over 21 years and found a pattern consistent with
the XLPE transition. There was a statistically significant increase in both femoral fracture (4.1% to 14.9%) and
pain (8.1% to 14.9%) as reasons for hip revision rather than at the acetabular level, while dislocation decreased
significantly from 57.6% to 17.1%. Both femoral and acetabular loosening increased over the first 12 years, but
subsequently decreased over the last 9 years (Williams et al., 2024). The reduction in revision for dislocation,
aseptic femoral, and acetabular loosening can be linked to the changing patterns of the use of larger femoral

heads and improved bearing surfaces.

The NZJR annual reports show the use of XLPE remained the dominant choice by 2020, accounting for more
than 96.9% of all polyethylene used (McKie et al., 2024). The ceramic on polyethylene bearing surface
continued to increase in popularity, rising from 42% in 2017 to 54% in 2020. There has also been an increasing
use of 36 mm heads since 2017, reflecting increased confidence with XLPE when used to manufacture thinner
liners (McKie et al., 2024). By 2020-2021, conventional UHMWPE had been essentially eliminated from New
Zealand practice, with XLPE comprising virtually all polyethylene used. A summary of the evolution of various

polyethylene categories is provided in Table 1.

Table 1. The polyethylene crosslinking spectrum and evolution: categories, manufacturing characteristics, and
clinical examples.

cross-linked PE 1990s (deliberate) sterilisation; mild annealing

First-generation

Category Time period Radiation dose Post-irradiation treatment Clinical examples
Conventional Early 1960s - 25-40 kGy None (or air-packaged - Exeter ECE
UHMWPE late 1990s (sterilisation only) oxidative degradation)

Durati DePuy); End ;
Moderately Mid - late 25-40 kGy Gamma-in-nitrogen or EtO uration (DePuy); Enduron;

some 1990s-era 'enhanced'
products

Crossfire (Stryker, 75 kGy

Remelting (>155°C ingl
emelting ( ) or single annealed); Marathon (DePuy,

50-100 kGy (single annealing (<130°C); EtO/gas

1998 - 2005

HXLPE high dose) plasma sterilisation remelted); Longevity (Zimmer,
remelted)
Sequential annealing after .
Sziz:gt-ion 2005 - present 3x30kGy =30kGy  each dose; gas plasma i)(rfa(jitar’zlilc()ir/’as:::;?r?a)‘! El
& P (sequential) sterilisation; or vitamin E . . . &)
HXLPE stabilisation (Biomet, vitamin E)

Abbreviations: ECF, Exeter Contemporary Flanged cup; EtO, ethylene oxide; HXLPE, highly cross-linked polyethylene; kGy, kilorads; PE, polyethylene;
UHMWPE, ultra-high molecular weight.

1.2.4. Cementing of polyethylene acetabular cups

Modern cemented acetabular cups are made with HXLPE and may have spacer beads that can be filled with
antibiotics, seal dead space, and create an even cement layer, allowing more uniform pressure (Kulkarni et al.,
2021). Polymethylmethacrylate (PMMA) is used as a cement grout. The PMMA is not adhesive, but rather, it is
used to fill the space between the surfaces of the component and the irregular acetabular bone to create a

mechanical interlock that evenly spreads the load. This design reduces the risk of the cup loosening (Maggs &
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Wilson, 2017; Vaishya et al., 2013). Cement can also contain antibiotics, which can limit infection rate. Bone
cement implantation syndrome (BCIS) is one of the reasons cited for using hybrid and cementless THA over
cemented ones, with BCIS associated with low oxygen levels and blood pressure, and/or cardiac arrythmia
during surgery with PMMA. However, there is insufficient evidence to firmly establish a causal link between
PMMA cement and BCIS (Barakat & Browne, 2025; Brokke et al., 2025; Donaldson et al., 2009). Recent
systematic evaluation indicates incidence varies widely and episodes are transient and mild in most cases
(Barakat & Browne, 2025; Brokke et al., 2025). Although clinical vigilance remains important, BCIS alone is

generally not considered a strong argument against the use of cement in patient-centred models of care.

1.2.5. Introduction of uncemented cups

Concerns with aseptic loosening of cemented acetabular components, which became apparent through the
1970s and 1980s, provided the primary reason for the development and widespread adoption of cementless
acetabular fixation (Ries, 2008). Although cemented femoral fixation has retained strong evidence and clinical
longevity (Ries, 2008), the acetabular side proved more susceptible to loosening, and biological fixation

became the dominant paradigm for acetabular reconstruction from the 1980s onward.

The transition from cemented to cementless acetabular fixation was driven primarily by aseptic loosening of
acetabular cups (Schmalzried et al., 1992) and three other concerns: biological osseointegration, lower revision
rates, and potential for bone stock preservation. Biological osseointegration was hypothesised to offer a more
durable, self-renewing fixation method for younger patients, a rationale supported by the Nordic arthroplasty
register (Pedersen et al., 2014). Furthermore, population-level registry data consistently confirmed lower
revision rates for cementless fixation in patients under 75 years (Zhang, 2017). Thirdly, cementless fixation is
anecdotally believed to better preserves acetabular bone stock for future revision, but this speculation lacks
direct acetabular-specific comparative evidence and should be regarded as an unsubstantiated assumption

rather than a proven outcome advantage.

The longevity of uncemented THA depends fundamentally on the achievement and maintenance of a stable
biological fixation at the bone-implant interface, a process termed osseointegration. Unlike cemented fixation,
cementless fixation relies on an ordered biological sequence: initial mechanical stability at surgery, progressive

bone thickening and widening, and growth into or onto the implant surface.

Osseointegration of cementless acetabular implants can be achieved through two distinct, but related
mechanisms, each dependent on the design and surface of the implant (Kim & Yoo, 2016). Bone ingrowth
refers to the direct proliferation of osteogenic cells into the porous spaces of a macro structured implant
surface (Small et al., 2013). Bone on growth is the growth of bone directly onto a roughened or textured
implant surface, forming direct bone-to-implant contact without requiring a macro porous scaffold. The
contribution of each of the two mechanisms depends on the surface preparation of the implant (Kim et al.,

2008). Porous coatings in acetabular implants have historically included titanium beads, titanium fibre mesh,
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and recently three dimensionally (3D) printed trabecular titanium structures (Tigani et al., 2025), such as

Stryker’s Tritanium™ technology. The addition of hydroxyapatite to plasma-sprayed titanium surfaces provides

a scaffold for osteoblast attachment and accelerated increase in bone width and thickness. Current

observational studies and recent systematic reviews suggest that 3D-printed porous titanium acetabular cups

achieve promising early and mid-term clinical outcomes, high survivorship, and reliable radiographic
osseointegration (Castagnini et al., 2024; St John et al., 2024; Tigani et al., 2025); however, high-quality
comparative studies and long-term follow-up data remain limited (Almeida et al., 2025; St John et al., 2024).

Higher manufacturing costs also requires consideration.

Uncemented or “press-fit” acetabular cups are slightly larger than the opening of the cancellous or trabecular

bone prepared for them. The cups have a metal casing and either a HXLPE or ceramic liner. The cup generates

pressure around the circumference of the acetabulum, termed hoop stress (McTighe, 1999), to promote socket

fixation. These cups may also have pegs or spikes and a porous coating on the surface for stability (Maggs &

Wilson, 2017). The acetabulum must have decent bone stock for osseointegration into the metal casing of the

cup (Schulze et al., 2020). Osseointegration leads to durable biological fixation of press-fit acetabular cups

(Overmann et al., 2020), with evidence of long-term stability in younger and more active patients (Gwynne-

Jones et al., 2017).

Femoral
Head

* Femoral
Stem

Figure 2. Components of an uncemented total hip replacement prosthesis combination.

Note. From Hip replacement — prosthesis components. By Blausen Medical Communications, Inc., 2014,

Acetabular
gl Component

Wikimedia Commons (CC BY 3.0).
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Figure 3. Components of a fully cemented total hip replacement prosthesis combination.

Note. Image generated and checked by the author using ChatGPT (OpenAl), June 2026.

1.2.6. Femoral head size and material selection

The selection of femoral head size and material has evolved in parallel with advances in polyethylene bearing
technology, and the two variables are closely interrelated in determining long-term implant wear and longevity.
In the era of UHMWPE, a 22 mm and subsequently a 28 mm cobalt chromium head were standard, principally
because heads larger than these diameters generate proportionally greater polyethylene wear, and the wear
resistance of UHMWPE was insufficient to tolerate larger articulation diameters without clinically meaningful

debris (Kurtz, 2016). With the introduction of HXLPE, the dramatically reduced wear rate of bearing surface

Cobalt chrome
femoral head



rendered larger femoral heads clinically acceptable, enabling the adoption of 32 mm and 36 mm heads form
the early 2000s onward, with the anticipated benefits of improved dislocation reduction without an increase in
osteolysis risk (Shah, 2019). The choice of femoral head material, cobalt-chromium (CoCr) versus ceramic is
clinically relevant to perceived implant longevity, as the surface hardness and smoothness of the articulating
head directly influences polyethylene wear rates. A metanalysis of 36 studies demonstrated a statistically lower
linear wear rate for ceramic heads compared to CoCr heads on HXLPE liners (Mertz et al., 2023). However, a
systematic review and metanalysis comparing ceramic-on-XLPE with metal-on-XLPE found no significant
difference in wear rates when stratified for head size (22 mm, 28 mm, 32mm), and no difference was noted
between ceramic and CoCr heads on XLPE (Spir et al., 2022). A multicentre RCT comparing oxidised zirconium
(a patented, "ceramicised" metal alloy) similarly found reduced wear with the ceramic material but did not
reach clinical significance and did not translate to differences in osteolysis, functional outcomes, or revision at
10 years (Kayani et al., 2022). Although ceramic heads may provide modest wear rate advantage over CoCr, this
difference is unlikely to translate into a clinically meaningful survival benefit within typical follow-up periods
with modern HXLPE bearing surfaces. The choice of polyethylene generation remains the dominant

determinant of long-term wear performance, with head material a secondary consideration.

There is currently no consensus on whether cemented or uncemented acetabular fixation is most optimal, with
the controversy ongoing for decades (Abdulkarim et al., 2013; Hossain et al., 2017; Maggs & Wilson, 2017;
Nilsdotter & Lohmander, 2003; Onsten & Carlsson, 1994; Toci et al., 2022). Over the last five years, the fully
cemented option accounts for less than 5% of the THA in NZ, with hybrid THA representing 45%, and the
remaining 50% represented by fully uncemented THA (McKie et al., 2024). Although cemented THAs report
successful survival outcomes worldwide (Maggs & Wilson, 2017; Mishra et al., 2025; Satalich et al., 2022),
there is far less PROMs evidence available (Mishra et al., 2025). Hybrid survival (Moskal et al., 2022) and
PROMs outcomes (Goldberg et al., 1996; Jonas et al., 2019) are limited and there is a lack of studies comparing
cemented and hybrid outcomes, particularly for primary THA with the diagnosis of primary OA independent of
other hip pathology (inflammatory arthritis, osteonecrosis, developmental dysplasia, tumours or trauma) (Van
Praet & Mulier, 2019). Very few studies also investigate patient and health system related factors relevant to

survival and patient outcomes (Van Praet & Mulier, 2019).

1.3. Cost effectiveness

Although THA is cost effective overall, it is a high-volume and resource-intensive intervention (Mufarrih et al.,
2019). A New Zealand cost-effectiveness analysis by Wilson et al. (2021) using data from 713 patients
undergoing primary THA at a public hospital, informed by NZJR follow-up data, modelled to 15 years,
demonstrated cumulative health gains of 2.8 quality-adjusted life years (QALYs) per patient. Cost-effectiveness
improved markedly with follow-up duration, with the incremental cost-effectiveness ratio falling from
NZ$74,400 per QALY at one year to NZ$6,000 per QALY at 15 years. THA was cost-effective after two years and
highly cost-effective after three years, well within the GDP per capita benchmark of approximately NZ$60,600

used in that analysis as the cost-effectiveness threshold for the NZ healthcare system (Wilson et al., 2021).
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Small differences in implant costs, revision rates, and PROMs could, however, translate into substantial
cumulative costs at a population level. Implant survival alone is an incomplete marker of success and revision
surgery an imperfect definition of failure. Many patients may live for years with persistent pain, functional
limitation, and reduced quality of life without undergoing revision, generating real but invisible costs to
patients, families, and health systems (Singh et al., 2021). Poorly performing implants may therefore drive
excess hospital admissions, rehabilitation and outpatient needs, and long-term disability despite apparently
acceptable survival, with inferior pain, function, or mental health outcomes emerging over time (Brauer et al.,
2005; Hesseling et al., 2019; Karachalios et al., 2018). Cost effectiveness thus depends on outcomes rather than
implant price alone. A lower cost implant is not necessarily more cost effective if associated with worse
PROMs, greater downstream healthcare use or increased risk in specific patient subgroups. Conversely, a more
expensive implant cannot be justified without demonstrable improvements in survival, PROMs, or system-level
costs. These effects are not distributed uniformly across the population. Older, frailer patients and those
experiencing socioeconomic disadvantage or prolonged waiting times are disproportionately affected, and
poorer survival and PROMs have been consistently associated with higher comorbidity burden, advanced age,
female sex, and socioeconomic factors (Boyle et al., 2023; Karachalios et al., 2018; Lizcano et al., 2025; Singh,
2024; Stafinski et al., 2022). Failure to account for such predictors increases the risk of incorrectly attributing
poorer outcomes to implant performance, thereby masking underlying inequities in care. A multivariable

approach allows separation of implant effects from patient characteristics.

Equity considerations should be an integral part of research into THA outcomes. Publicly funded patients and
those with greater comorbidity generally present later, have worse baseline PROMs, and experience poorer
postoperative outcomes (Lizcano et al., 2025; Mannion et al., 2020; Singh, 2024). If certain implants perform
less well in these groups, continued use without supporting evidence presents an equity and ethical issue, not
just a clinical one. Generating evidence on which implants perform best, in which patients, under which health
system conditions is essential to delivering fair, evidence-based arthroplasty care. Cost effectiveness therefore
depends on comparative efficacy, which requires implant level data, adjustment for patient and health system

factors, and measurement of outcomes that matter to patients.

1.4. Arthroplasty registries

Given the scale of hip OA and the volume of THAs performed globally, randomised controlled trials alone are
neither feasible nor sufficient to evaluate long-term outcomes, rare events, or implant performance in real-
world populations (Schnell-Inderst et al., 2017). National arthroplasty registries therefore play a crucial role in
monitoring survival and PROM outcomes at scale for primary and revision THA. These registries provide large,
population-based, observational cohorts with longitudinal follow-up across the implant lifespan and real-world
data reflecting clinical practice rather than idealised trial conditions (Baker et al., 2023). Analyses of these
registries enables assessment of survival, revision patterns, and PROM data in a way that aligns with health
system realities and cost pressures. The NZ national joint registry (NZJR) is a national database established in

1999 by the NZ Orthopaedics Association (NZOA) to collect data on joint replacements, track implant
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performance, surgeon outcomes, and patient results to improve arthroplasty care in NZ. It provides valuable
insights for quality assurance, benchmarking, and research, with comprehensive capture across all NZ
hospitals. The NZJR uses the Oxford Hip Score (OHS) PROM tool (Murray et al., 2007) postoperatively for
registered THAs at six months and then every five years following surgery. National registries are often
restricted by capacity in the number of questionnaires collected and seek the minimum sample size needed to
satisfy statistical power calculations rather than using an entire population (Lazem & Sheikhtaheri, 2022). This
limitation may introduce regional biases, whereby PROMs for certain regions or demographic groups are not
equally represented or absent. For example, the NZJR uses the OHS from a minimum sample size of 20% of the
total number of THAs performed nationally (McKie et al., 2024), restricting the ability to determine detailed
outcomes, particularly in patient subgroups/regions. The distribution of PROMs may also not be truly

representative of the population given the voluntary self-reporting of outcomes.

Regional data offer several advantages over national registries. Benefits of regional data are the ability to
detect emerging performance issues earlier, inform procurement and clinical guidance more rapidly, and
support timely modification of implant use, which has clear implications for patient safety and cost
containment. Regional registries are directly relevant to evaluate necessity, effectiveness, and cost efficacy of
THA by capturing outcomes in a defined healthcare system, in a relatively homogenous funding and referral
structure with consistent thresholds for surgery and revision. This homogeneity improves internal validity and
ensures that findings are directly applicable to regional clinical practice and policy decision-making (Slingerland
et al., 2024). Regional registries increase sensitivity to health system and equity factors, such as public versus
private funding, access to rehabilitation, socioeconomic deprivation, rurality, and ethnicity, which are often
poorly captured or diluted in national datasets (Chami et al., 2021; Slingerland et al., 2024; Sorensen, 1997).
Regional registries are better positioned to capture outcome disparities, system-level predictors, and equity-
related differences in implant survival and PROMs. This positioning is particularly important in interpreting
survival, as revision is influenced by access and eligibility (Lizcano et al., 2025). Regional registries benefit from
standardised PROMs collection for an entire population, reducing opportunity for heterogeneity which
obscures true differences in implant performance or patient outcomes. One limitation of regional registries,
however, is their potential for limited generalisation to other regions, countries, healthcare systems, or
populations. However, this is a limitation of scope, not validity, and reinforces the need for multiple high-

quality regional datasets, rather than the reliance on pooled averages.

Tauranga Orthopaedic Research Inc. (TOR) is an independent non-profit organisation that monitors the surgical
outcomes from all orthopaedic patients in the Bay of Plenty region of NZ. In 2003, TOR created an independent
registry for all joint replacement surgeries performed in their region, specifically to capture detailed PROMs to
evaluate pain, function, and quality of life preoperatively, at 1-year, at 5 years, and every 5 years thereafter.
Three PROM tools are sent to every patient on the register: the OHS, McMaster University Osteoarthritis index
(WOMAC) (WOMAC, 2021) and Veterans Rand 12-item health survey (Igbal et al., 2009). Completion of the
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guestionnaires is optional, but highly recommended. The aim of the registry is to monitor individual patient’s

long-term and ensure the highest quality care and outcomes in the Bay of Plenty region.

1.5. Patient-reported outcome measure tools

The OHS is a 12-item PROM tool developed in 1996, updated in 2007, and standard in general hip care given it
is rapid to complete and achieves high patient completion rates (Putman et al., 2021). The OHS assesses
subscales of pain and function (Harris et al., 2016; Murray et al., 2007) over the previous four weeks, with a
minimum score of 0 and maximum score of 48. Higher scores indicate superior outcomes. Pain and function

are classified as: poor <27, fair 27-33, good 30-41, and excellent >41 (Kalairajah et al., 2005).

For detailed tracking of specific aspects in osteoarthritis research or management, like stiffness and function,
the WOMAC PROM tool provides richer data than the OHS (Garbuz et al., 2006), noting it is osteoarthritis
rather than joint specific. The WOMAC is a 24-item PROM tool developed in 1982 and updated in 1988. It has
three subscales: pain, stiffness, and physical function (WOMAC, 2021). Scores range from a minimum of 0 and a
maximum of 96. Lower scores indicate superior outcomes. Severity of symptoms classification is as follows:
minimal/no symptoms < 24, mild 25-41, moderate 42-69, severe 70-86, extreme > 87 (Pojala et al., 2025).
Some researchers recommend using both OHS and WOMAC for comprehensive evaluation, yet both PROMs
tools are limited in their ability to predict patient satisfaction after THA (Yeo et al., 2020). THA satisfaction has
been directly linked to changes in health-related quality of life, is a valid patient-reported outcome, and should
be included in the follow-up of patients after THR surgery (Ray et al., 2020). TOR incorporates the VR-12, a brief
12-question survey that assesses physical function, bodily pain, mental health, social functioning, and general
health perceptions. Answers are summarised into physical and mental health scores, which evaluates the
patient’s overall quality of life and disease burden. The VR-12 has been validated by cross-system comparisons
(Kazis et al., 2017). This Thesis uses the OHS, WOMAC and VR-12 data from the TOR registry to evaluate of hip-
specific function and pain, osteoarthritis-related stiffness and functional limitation, and wider physical and
mental health-related quality of life. Considering all three PROM tools provides a comprehensive assessment of

patient-reported outcomes.

1.6. Evaluating specific implants versus broad categories

Grouping implants into broad categories for comparison, such as cemented, hybrid, or uncemented, allows for
an increased sample size and general appreciation of implant type performance, generalizable principles such
as benchmarking (Wyatt et al., 2021), cost-effectiveness, simplified decision making, and population-level
safety. However, broad categorisation assumes homogeneity of implants within each category. Implants within
the same category may differ in geometry, surface coatings, materials, and metallurgy (Kumar et al., 2025).
These differences can meaningfully influence early and late survival results, failure mechanisms, and patient-
reported pain and function. Evaluating at the category level risks diluting clinically important effects (Boyle et
al., 2023). Comparatively, assessment of individual components allows the identification of underperforming

implants that appear acceptable within a broad category, recognition of high-performing implants that
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outperform others, and a more accurate estimation of implant-related risk independent of patient factors
(Boyle et al., 2023; Boyle et al., 2022; Paxton et al., 2019; Sox & Goodman, 2012). This approach aligns with the
principles of comparative effectiveness research (Sox & Goodman, 2012), which encourages head-to-head
comparisons of treatments relevant to day-to-day clinical practice to inform patient-centred models of care and

support evidence-based implant selection.

Health systems procure implants at scale. Implant-specific data enable value-based purchasing decisions, such
as the purchase of higher-cost implants based on outcomes rather than marketing. Without implant-level
evidence, procurement decisions risk being driven by cost alone or historical preferences rather than patient
benefit. Certain implants may perform differently in older patients, women, patients with higher comorbidity
status or greater body mass index (BMI), or publicly funded models of care. Implant-specific analysis allows
identification of differential benefit or harm, subgroups at risk of poor outcomes, and opportunities to tailor

implant choice to patient characteristics.

1.7. Early generation and modern implants in New Zealand

This Thesis focuses on three acetabular cup implants with the same cemented stem to represent an early
generation cemented, a modern cemented, and a first-generation modern hybrid THA. The acetabular
components were selected to reflect successive design eras and fixation strategies used in routine clinical
practice in the Bay of Plenty region of NZ over the study period. These cups represent clinically relevant
acetabular technologies, in high use, implanted during overlapping time periods (
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Figure 4). The Thesis first sought to determine whether the modern HXLPE cemented acetabular cup
performed at least as well as the early generation UHMWPE cemented predecessor when paired with the same
cemented femoral stem. Only after establishing this internal benchmark was the modern cemented THA
compared to the uncemented acetabular cup (with HXLPE liner) or hybrid THA with the same cemented stem.
This approach was intended to isolate the effect of acetabular fixation and design, and to evaluate whether the

more costly hybrid THA delivered equivalent or superior survival and PROMs.

Anonymised survival data of all primary THAs for OA in the Bay of Plenty region of NZ, performed between 1

January 2003 and 30 June 2023 with a cemented Exeter® V40™ stem and either an early generation cemented

UHMWPE Exeter® Contemporary Flanged cup (2003-2013)(ECF), modern cemented HXLPE Exeter® X3 Rimfit™
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cup (2010-2023) (Rimfit) or modern uncemented Exeter® Trident™ Series 1 cup (2003 — 2023), with HXLPE liner
(Trident) (Stryker Orthopaedics, Mahwah, NJ), were retrieved in January 2024 from the NZJR. A cemented V40

stem with the uncemented Trident creates the hybrid THA implant (Figure 5).

Anonymised PROMs data of all cemented primary THAs for OA performed between 1 January 2003 and 30
June 2023 with an Exeter V40 stem and either an earlier generation cemented ECF (2003-2013), modern
cemented Rimfit (2010-2023) or modern hybrid Trident (2003 — 2023) implant in the Bay of Plenty region of NZ

were retrieved in January 2024 from the TOR regional joint registry.
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Figure 4. Timeline of acetabular component with Exeter V40 femoral stem use across the study period (2003—
2023).

Note: Acetabular components represent overlapping but non-exchangeable design eras, while the V40
cemented femoral stem remained constant throughout. The arrow indicates continued clinical use beyond the

study period.

(a) (b)
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(d)

Figure 5. Implants analysed in this Thesis (a) cemented Exeter V40 femoral stem, (b) early generation cemented
ECF cup, (c) modern cemented Rimfit cup, (d) modern uncemented Trident cup .

Note. Permission to use images requested from Stryker.
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1.8. Overview and significance of the research

This Thesis was supported by a Doctoral Partnership between the University of Waikato and TOR. The work
aimed to determine whether primary (survival) and secondary (PROMs) outcomes of cemented and hybrid THA
for OA in the Bay of Plenty region were comparable, given that cemented fixation has dropped to less than 5%
of all THAs in NZ in the last 5 years (McKie et al., 2024) despite successful outcomes (Havelin et al., 2000;
Maggs & Wilson, 2017; Mishra et al., 2025; Satalich et al., 2022). As hybrid THA maintains a cemented stem,
the main difference between cemented and hybrid THA is the fixation method of the acetabular cup, reducing
confounding that may occur when comparing uncemented stem and cup combinations. This Thesis progressed
from a systematic review (Part 1) to cemented survival and PROMs analyses (Part 2) to cemented versus hybrid

survival and PROMs comparative analysis (Part 3), as illustrated in (Figure 6).

Chapter 1

Introduction, aims and
overview

v

PART 1 Chapter 2
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Systematic Review
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PART 2
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cemented THA outcomes

v
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comparison of the fully of the fully cemented ECF and

i PROMs b
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PART 3
Comparing cemented and
hybrid THA outcomes
Chapter 6 Chapter7
10-year THA survival 10-year THA PROMs
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Rimfit and hybrid Trident Rimfit and hybrid Trident
Chapter 8

Discussion, implications and
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Figure 6. Thesis structure schematic
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Abbreviations: ECF, Exeter Contemporary flanged cup; Rimfit, Exter X3 Rimfit cup; PROMs, Patient-reported outcome measure; THA, Total

hip arthroplasty; Trident, Exeter Trident Series 1.

Cemented THA represents the longest-established and most extensively evaluated fixation strategy in modern
hip replacement. It therefore provides the most methodologically stable and biologically understood reference
standard against which newer fixation constructs should be assessed. Given survival analysis remains the most
consistently recorded and longest-term outcome available through arthroplasty registries compared to PROMs,
establishing survival similarity or difference provides essential context for subsequent PROMs analysis
interpretation (Chapter 3). Hybrid THA was introduced to solve a failure of cemented fixation and emerged
during a period of rapid expansion of cementless acetabular technology (Satalich et al., 2022). Concerns with
aseptic loosening of cemented acetabular components, which became apparent through the 1970s and 1980s,
provided the primary reason for the development and widespread adoption of cementless acetabular fixation
(Ries, 2008). However, its widespread uptake occurred despite limited long-term comparative PROM data,
particularly beyond early survivorship endpoints. Thereafter both survival and PROMs comparison between the
modern cemented and hybrid implants were performed (Chapter 6 and 7). Hybrid THA is the intermediate step
between fully cemented and fully cementless practice. Understanding whether it delivers any incremental
patient-centred benefit is essential to evaluating the rationale for the broader shift away from cemented
fixation. By comparing hybrid and cemented constructs that share the same cemented femoral stem, the
analysis isolates the acetabular fixation method as the primary exposure. This isolation reduces implant
heterogeneity and strengthens causal inference. Given the higher cost and complexity of hybrid systems,
absence of patient-centred benefit challenges their cost-effectiveness. Hybrid THA is not studied as a
standalone innovation, but as a hypothesis-driven extension of cemented THA; it directly tests whether the

shift in fixation philosophy has translated into meaningful improvements in long-term patient outcomes.

Together, the studies follow a deliberate progression by initially establishing the current state of knowledge
regarding THA cemented and hybrid implant outcomes (Chapter 2). Establishing survival of two lineage related
cemented implants (Chapter 3), secondly evaluating long-term PROMs of the predecessor implant (Chapter 4),
thirdly directly comparing PROMs between early generation and modern cemented implants (Chapter 5),
fourthly assessing and comparing survival of a popular hybrid construct to the modern cemented implant
(Chapter 6) and lastly comparing PROMs between the modern cemented and hybrid THAs (Chapter 7). This
structured approach enables evaluation of both incremental design change and strategic shifts in fixation
philosophy, using patient-centred and system relevant outcomes derived from both national and regional

registry data.

1.9. Thesis aims

The aims of this Thesis were to:
1. Determine if there is empirical universal evidence of superiority in primary and secondary outcomes
between broad category cemented and hybrid primary THA for severe endpoint osteoarthritis in a

systematic review.
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Determine at the implant level, if the modern Rimfit cemented implant reports similar survival
compared to its predecessor, the early generation cemented ECF implant up to 10-years, considering
patient characteristics age, sex, BMI, ethnicity, ASA rating, and funding source, in a primary THA for OA
population in the Bay of Plenty region.

Determine the long-term PROMs (up to 15 years) of the early generation ECF considering patient
characteristics age, sex, BMI, ethnicity, ASA rating, and funding source, in a primary THA for OA
population in the Bay of Plenty region.

Determine if the modern Rimfit cemented implant reports equivalent PROMs compared to the early
generation cemented ECF implant up to 10-years, considering patient characteristics age, sex, BMI,
ethnicity, ASA rating, and funding source, in a primary THA for OA population in the Bay of Plenty
region.

Determine whether the modern cemented Rimfit or first-generation modern hybrid Trident, has
superior survival outcomes considering patient characteristics and funding source up to 10 years, in a
primary THA for OA population in the Bay of Plenty region.

Determine whether the cemented Rimfit or hybrid Trident, has superior PROMs considering patient
characteristics and funding source up to 10 years, in a primary THA for OA population in the Bay of
Plenty region.

Identify subgroups of patient characteristics reporting poorer survival and/or PROMs in a primary THA

for OA population in the Bay of Plenty region.

1.10. Thesis hypotheses

The following hypotheses were stated:

1.

Universal evidence will indicate superior primary and secondary outcomes for cemented than hybrid
primary THA for OA.

The modern cemented Rimfit implant has superior survival outcomes to the early generation
cemented ECF implant across patient characteristics and funding source up to 10 years, in a primary
THA population for osteoarthritis in the Bay of Plenty region.

The early generation cemented ECF implant in a primary THA population in the Bay of Plenty region,
reports better long-term PROMs than the broad cemented category of implants in NZ up to 15 years.
The modern cemented Rimfit implant has superior PROMs to its predecessor, the early generation
cemented ECF implant, across patient characteristics and funding source up to 10 years, in a primary
THA for osteoarthritis population in the Bay of Plenty region.

The modern hybrid Trident implant has superior survival outcomes to the cemented Rimfit implant
across patient characteristics and funding source up to 10 years, in a primary THA for OA population in
the Bay of Plenty region.

The hybrid Trident implant has superior PROMs to the cemented Rimfit implant across patient

characteristics and funding source in primary THA for OA up to 10 years.
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7. Subgroups of patients (public funded, greater BMI) have poorer primary and secondary outcomes,

which influence physical and mental health.

1.11.Thesis structure

This Thesis is developed in three Parts (Figure 6). Chapters are presented as manuscripts for publication.
Chapters 2, 3, and 4 have been published in peer-reviewed journals, with Chapter 5 under revision and

Chapters 6 and 7 are prepared for publication, to be submitted after submission of this Thesis.

The Thesis begins with an introduction Chapter 1. Part 1 contains Chapter 2, which is a systematic review that
evaluates peer-reviewed literature that compared cemented and hybrid THA outcomes for OA (Pearce, Butcher,
et al,, 2025). The review concludes that the widespread shift away from fully cemented THA towards hybrid
fixation is not supported by clear evidence of improved implant survival or superior PROM outcomes. The
review determines cemented THA continues to deliver excellent durability and equivalent patient-centred
results, particularly in older patients (Pearce, Butcher, et al., 2025). The rationale for hybrid use appears driven

more by practice trends than demonstrable patient effect.

Part 2 includes three chapters (Chapters 3, 4, and 5). In Chapter 3, the survival outcomes of two high-use fully
cemented primary THAs for OA (an early generation and a modern THA) were compared using the NZJR
(Pearce, Joshi, et al., 2025a). Data were used to examine survival and reasons for revision of the two cemented
THAs in the Bay of Plenty region. These two cemented implants share common design lineage, with the
modern Rimfit implant adapted from the early generation on the bases of incremental design and material

modification, rather than outcome evidence (Junnila et al., 2016; Lamberton et al., 2023).

Chapter 4 focuses on 15-year PROMs for the cemented ECF in the Bay of Plenty region (Pearce, Joshi, et al.,
2025b). No evaluative evidence of this cemented implant’s PROMs beyond 12 years (Maggs et al., 2016) was
identified, despite it being one of the most used cemented acetabular implants in the UK, Sweden, Denmark,
Norway, Australia, and NZ (Junnila et al., 2016; Maggs et al., 2016; McKie et al., 2024). This implant had
sufficiently mature follow up and PROMs completeness to allow the evaluation of outcomes well beyond the
early postoperative period. This analysis was necessary because long-term PROMs data following THA are
scarce and survivorship alone does not capture persistent pain, functional limitation, or quality of life in
patients who never undergo revision. Older or more comorbid patients, who are less likely to be revised, may
also still experience substantial outcome burden. The analysis of the early generation implant at 15 years
provides insight into the durability of patient benefit, rather than simply implant retention, and establishes a
benchmark against which its successor, the modern Rimfit implant can be interpreted. Additionally, the effect
of six patient predictors was evaluated to determine those patient factors and/or subgroups which may exhibit

poorer PROMs: age, sex, BMI, ethnicity, American anesthesiologist rating (ASA), and funding source.
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Chapter 5 directly compares 10-year PROMs between the early generation cemented THA and its successor the
Rimfit (Pearce et al., 2026). This timeframe reflects the longest period over which comparable PROMs were
available for both implants, allowing fair and methodologically sound comparison. This study addresses a
critical evidence gap. The Rimfit has been widely adopted with limited long-term PROMs evaluation (Boyle et
al., 2023; Boyle et al., 2022; Junnila et al., 2016) and there is no study evaluating PROMs of the Rimfit in
primary THA for OA independent of other hip pathologies. Assumed equivalence based on design and material
evolution does not guarantee equivalent patient experience. Differences in pain, function, or mental health
outcomes may emerge even when survival may appear similar. By restricting the comparison to shared follow-
up periods and adjusting for patient and system factors (age, sex, BMI, ethnicity, ASA rating, and funding

source), the study isolates implant specific effects on patient-centred outcomes.

Following the implant-level comparison of the two cemented components, Part 3 (Chapter 6 and 7) further
evaluates outcomes associated with a widely used modern hybrid THA implant from the same manufacturer,
incorporating the same cemented femoral stem. This implant choice was intentional and addresses the broader
and increasingly relevant question in arthroplasty practice whether hybrid or cemented THA offers better
outcomes. Over the past two decades, there has been a substantial global shift away from fully cemented THA
in favour of hybrid and cementless constructs, despite continued evidence supporting the survival and cost
effectiveness of cemented fixation. The drivers include perceived advantages of cementless fixation (Moskal et
al., 2022), training and generational changes in surgical practice (Ryan et al., 2022), industry influence, and
assumptions of superior long-term outcomes in younger patients (Veldman et al., 2021). However, whether this

transition has been accompanied by measurable improvements in survival or PROMSs remains uncertain.

Chapter 6 examined survival and reasons for revision of a commonly used, modern hybrid implant compared
with the modern cemented implant introduced in Chapter 3 and Chapter 5. By retaining the same cemented
stem across both fixation types, the analysis isolated the effect of acetabular fixation rather than stem design.
This survival analysis was necessary to determine whether the move towards hybrid fixation (with this implant
in particular) is associated with improved implant longevity, whether any observed differences reflect fixation
strategy and whether a hybrid implant demonstrates superior performance in real-world registry data.
Evaluating survival first ensured that any difference in PROMs is again interpreted in the context of implant
durability and revision risk. The addition of patient specific and system factors increased the specificity of the

analysis within the region.

In the final comparison, Chapter 7 directly compared 10-year PROMs between the modern cemented and
hybrid THA and addressed whether the widespread adoption of hybrid fixation results in better PROMs
compared with modern cemented THA, or if this practice has shifted in the absence of clinical benefit. By
controlling for patient and system level factors and holding the femoral stem constant, this analysis focuses on

whether acetabular fixation strategy confers additional benefit in terms of pain, function or health-related
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quality of life. The final comparison study situates the Thesis within the broader context of evolving

arthroplasty practice.

The final chapter (Chapter 8) summarises the findings, discusses clinical implications, and makes
recommendations to the NZJR and for future research. If modern cemented constructs demonstrate equivalent
or superior survival and PROMs compared with hybrid THA, the rationale for the reduction of fully cemented
fixation in NZ, particularly in publicly funded and higher risk populations warrants reconsideration. Conversely,
if hybrid fixation confers measurable advantages, this result would provide empirical justification for current NZ
practice trends. Either outcome has significant implications for implant selection, surgical training,
procurement, cost effectiveness, and equity of care. Outside of any measurable differences between the
cemented and hybrid components, the identification of patient subgroups that may present with poorer
outcomes, either survival and/or PROMs, remains of critical importance. Mean treatment effects may obscure
clinically relevant heterogeneity, whereby specific demographics, clinical, or psychosocial characteristics
predispose individuals to inferior postoperative recovery despite otherwise successful THA. Recognition of
these vulnerable subgroups enables more accurate preoperative counselling, supports shared decision making,
and facilitates the development of targeted perioperative and rehabilitative strategies aimed at improving
outcomes for those at greatest risk of persistent pain, functional limitation, or dissatisfaction (Stisen et al.,

2024).
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Chapter 2. Systematic review with narrative synthesis

Prelude:

The aim of this review was to determine whether there is consistent evidence of differences in primary
(survival) and secondary outcomes (PROMs) between cemented and hybrid primary THA for OA, across patient
characteristics and funding resource settings. Specifically, the review sought to identify, synthesise, and
critically appraise the available evidence relating to PROMs, implant survival, periprosthetic fractures, and

methodological quality in earlier generation and modern cemented and hybrid THA cohorts.

This review was undertaken to directly inform the rationale, outcome selection, and analytical framework of
the present study. By systematically evaluating both reported findings and study quality, the review enabled
the identification of clinically relevant outcomes with inconsistent or limited evidence, as well as key sources of
heterogeneity related to patient characteristics and healthcare settings. These findings informed the selection
of primary and secondary outcomes, justified the comparative focus of the current research, and highlighted

specific evidence gaps that the present study was designed to address.
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2.1. Introduction

Total hip arthroplasty (THA) is recommended for severe primary osteoarthritis of the hip and is one of the most
frequent surgeries worldwide. Wang et al. (2024) reported 606.5 million global osteoarthritis cases by 2021,
highlighting it as a major public health challenge due to its disability burden. As joint replacement surgeries
increase, identifying the most effective and durable treatment approach is essential to ensuring quality of life.
THA for osteoarthritis can be performed with cemented (both femoral stem and acetabular cup cemented),
cementless (both stem and cup are cementless), hybrid (cemented femoral stem and cementless cup), or
reverse hybrid (cementless femoral stem and cemented cup) implants. Controversy over fixation methods for
THA has been ongoing for decades, and there seems to be no consensus on which fixation method provides
optimal survival and patient-reported outcomes (PROMs) despite several systematic reviews and meta-
analyses on the topic (Abdulkarim et al., 2013; Clement et al., 2012; Lopez-Ldpez et al., 2017; Mei et al., 2019;
Pakvis et al., 2011; Tsertsvadze et al., 2014; Van Praet & Mulier, 2019). Most of the reviews in this area
exclusively focus on survival and revision rates (Bloemheuvel et al., 2022; Jamsen et al., 2014; Kandala et al.,
2015; Makels et al., 2008; Pedersen et al., 2014; Stea et al., 2014), whereas it is recognised that PROMs are an
important consideration in establishing THA success and promotion of patient-centred care (Baumhauer &
Bozic, 2016; Lavallee et al., 2016). In addition, certain of these reviews present methodological concerns where
data from the same registry reported in different studies (Van Praet & Mulier, 2019), systematic reviews or
meta-analyses (Clement et al., 2012; Tsertsvadze et al., 2014; Van Praet & Mulier, 2019), and registry reports
(Van Praet & Mulier, 2019) alongside original research were included in the analysis, biasing findings by
duplicating data analysed. Making inferences on the superiority of fixation methods for THA outcomes
specifically for osteoarthritis is further challenged considering how several of these reviews included additional
hip pathologies as criteria for surgery (e.g., lupus, systematic sclerosis, rheumatoid arthritis) (Abdulkarim et al.,
2013; Lépez-Lopez et al., 2017; Mei et al., 2019); involved hemi-arthroplasty in addition to full THA (Lépez-
Lépez et al.,, 2017); limited their review to restricted age groups (Mei et al., 2019); or failed to specify whether
stems were cemented or uncemented, focusing only on acetabular fixation (Abdulkarim et al., 2013; Clement
et al., 2012; Pakvis et al., 2011). This study identified four reviews that included PROM comparisons as a
secondary outcome to implant survival (Abdulkarim et al., 2013; Lépez-Lopez et al., 2017; Tsertsvadze et al.,
2014; Van Praet & Mulier, 2019), but only one of these exclusively targeted osteoarthritis (Van Praet & Mulier,
2019).

The use of cemented THA implants was first described in 1891 and became more common from the 1950s
(Bota et al., 2021) with Sir John Charnley the pioneer of the modern THA (Gomez & Morcuende, 2005).
Cemented THA has been identified as the most affordable fixation method (Abdulkarim et al., 2013; Van Praet
& Mulier, 2019; Veldman et al., 2021) and is often considered the “gold standard” (Van Praet & Mulier, 2019),
setting the bar that newer implants need to surpass for widespread adoption. At the other end of the
spectrum, cementless THA is considered the most costly fixation method (Jameson, Mason, Baker, Gregg,

Porter, et al., 2015) and is typically associated with poorer outcomes (Bloemheuvel et al., 2022; Jamsen et al.,
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2014; Pedersen et al., 2014) and higher revision and periprosthetic fracture rates (Sassoon et al., 2024) than
cemented. Hybrid THA, despite costing more than cemented, may however, offer superior postoperative
quality of life (Pennington, Grieve, Sekhon, et al., 2013) and function (Rolfson et al., 2016). Consequently,
hybrid THA has been identified as the most cost-effective replacement surgery (Van Praet & Mulier, 2019) in all
age groups and both sexes (Veldman et al., 2021), and hybrids with conventional polyethylene show a survival
advantage over cemented THA (Fowler et al., 2019). Consideration of both surgical and patient-related
measures in quantifying success of THA, regardless of fixation method, is needed to shift the focus from

surgeon to patient-centred models of care (Zhang, 2017).

Given the identified gaps in the existing reviews comparing THA outcomes between fixation methods, this
systematic review with narrative synthesis aimed to compare both primary (revision and periprosthetic fracture
rates) and secondary (PROMs) outcomes between cemented and hybrid primary THA for severe endpoint
osteoarthritis. The hypothesis was that cemented THA would demonstrate potentially superior primary and

secondary outcomes to hybrid THA for patients with end stage osteoarthritis.

2.2. Methods

This systematic review with narrative synthesis forms part of independent research supported by a PhD
scholarship award jointly funded by Tauranga Orthopaedic Research Incorporated and The University of
Waikato. This review was designed to meet the 2020 Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA) reporting guidelines (Page et al., 2021) and was prospectively registered in the
International Prospective Register of Systematic Reviews (PROSPERO identifier: CRD42023462884).

Review methods and inclusion criteria were specified in advance. The primary outcomes of interest were
survival and/or revision rate and periprosthetic fracture (PPF) rate (acetabular and/or femoral), and secondary
outcomes of interest included any physical criteria PROMs, including but not limited to, the Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC), Oxford hip score, Harris hip score, Forgotten hip
score; as well as any mental health or lifestyle related PROMs (HRQOL), such as Hospital Anxiety and
Depression Scale, Short Form-36 item health survey (SF-36), and Veterans Rand 12 item health survey (VR-12).
Original, peer-reviewed research articles published in English were included and spanned observational studies
(prospective and retrospective) and randomised control trials. The study further limited the inclusion criteria to
studies evaluating outcomes over a period of at least 1 year. Where multiple studies reported on the
same/similar patient cohort, the study with the longest follow-up was included to avoid duplication of data.
Study population included adult patients with end stage hip osteoarthritis who had been assigned a fully
cemented (cemented femoral stem and acetabular cup) or hybrid (cemented femoral stem and cementless
acetabular cup) THA. Revision risk, hazard, mortality, and economic evaluations; editorials; systematic reviews;
meta-analyses; joint registry reports; letters to the editor; and conference abstracts were excluded. Studies
including any condition other than end stage osteoarthritis of the hip, revision outcomes, or bilateral THA

surgeries only were excluded. Studies that included fully cementless (cementless femoral and cementless
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acetabular cup) or reverse hybrid (cementless femoral stem and cemented acetabular cup) procedures were
included when comparisons were made between fully cemented and hybrid THA within the study. A strength
of the inclusion criteria ensured that the same dataset was not featured multiple times in different studies

thereby inflating results.

Four electronic databases (PubMed®, EBSCO, ScienceDirect®, and Scopus®) were initially searched on 1
October 2023, with the search updated on 15 November 2024. The search included articles from journal
inception up to and including the date of search. Broad syntax terms included “primary hip replacement”,
“primary hip arthroplasty”, “osteoarthritis”, “cement*”, “hybrid” and “outcome”. Detailed descriptions of the
syntax used for each database is provided as supplementary material (Appendix J). The database search was
complemented by searching reference lists, orthopaedic joint registries, and hip arthroplasty manufacturer
websites for relevant articles. All records identified via the database search (AP) were imported to the review
software Rayyan (Ouzzani et al., 2016) and duplicates removed. Two reviewers applied eligibility criteria
independently (AP, AB) and then met to discuss conflicts. There was one unresolved conflict that required input
from a third reviewer (KHL). The initial screening for eligibility was performed on titles/abstracts, and the
process repeated for full-text articles by the same two independent reviewers. A customised data collection
form was developed for this review (Appendix K) and data collated in Microsoft Excel (v2501, Microsoft Corp.,
Redmond, WA, USA). Information extracted from each study included study type, fixation method, country of
study, sample size, mean follow-up period, primary endpoint, statistical methods for survival calculation,
predictors of interest, and results. Missing data were identified, and corresponding authors of these studies
were contacted. If there was no response from the authors, data were reported as “missing”. Data were
summarised in table format to facilitate narrative synthesis and interpretation (Appendix K). Studies were
assessed for risk of bias and critically appraised. Two reviewers assessed each study independently (AP, AB),
with a third (KHL) available for conflict resolution, but not required. Observational studies were assessed for
risk of bias using the Quality in Prognostic Studies (QUIPS) tool (Hayden et al., 2013) and randomised control
trials with the Cochrane ROB version 2.0 (Sterne et al., 2019). The QUIPS is considered a useful and reliable tool
for systematically assessing the risk of bias in prognosis research across six key domains (study participation,
attrition, factor measurement, confounding, outcome measurement and analysis/reporting). The ROB 2.0
provides a structured framework to evaluate potential bias across five domains relevant to randomised
controlled trials (randomisation, deviations from intended intervention, missing outcome, measure of the

outcome, selection of the reported result) (Sterne et al., 2019).

Although a meta-analysis was planned to provide a quantitative synthesis of the findings from aggregate data,
the decision to perform a narrative synthesis was motivated by six factors: data availability and homogeneity,
type of data, study design, purpose of the synthesis, study quality and reporting, and flexibility. As five or more
studies using similar statistical methods and reporting the same outcomes from similar populations are needed
to achieve reasonable power from a random effect model meta-analysis (Jackson & Turner, 2017), data

extracted as part of this review were deemed insufficient for meta-analysis of primary and secondary
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outcomes. A narrative synthesis systematically synthesises evidence to generate new insights by analysing and
interpreting findings from included studies. The process involves three steps: developing a preliminary
synthesis, exploring data relationships, and assessing the robustness of the synthesis (Sukhera, 2022). These
steps were followed when undertaking the synthesis. The overall quality of evidence for each gradable
outcome was assessed by one reviewer (AP) using the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) working group system (Brennan & Johnston, 2023), and verified by a
second (KHL). This structured approach has four levels or certainty of evidence ratings (very low, low,
moderate, and high) used to assess risk of bias, imprecision, inconsistency, indirectness, and publication bias.
Gradable outcomes were survival/revision rate, PPF rate, and PROMs. Study design, risk of bias assessment,
and quality of evidence ratings did not constitute study exclusion. Results were organised based on primary
and secondary outcomes. Comparison and synthesis of results for each of these categories of outcome were
summarised and categorised as conclusive (either “there is difference” or “there is no difference”) or
inconclusive (2024) based on heterogeneity, statistical uncertainty, inconsistency in treatment effects, and/or

incomplete information.

This review focused specifically on studies reporting survival percentages and revision rates (absolute
outcomes), rather than those which modelled the risk of revision over time. The study aimed to determine how
many hips had been revised or remained unrevised at a specific timepoint rather than the statistical likelihood
of revision. This focus on absolute outcomes allows for clarity and accessibility of easily interpretable data with
concrete outcomes (Sashegyi & Ferry, 2017), relevant for decision making, such as benchmarking (national
registry reports use survival percentage at 5, 10 or 15 years to compare models) (Kandala et al., 2015) and
clinical planning (surgeons want information on likelihood of a revision, not just the relative risk). This approach
also aligns with real-world clinical goals, such as identifying implants that consistently exceed revision

benchmarks (Kandala et al., 2015).

2.3. Results

The initial search identified 1095 studies, with nine studies identified from citation searches. After duplicate
removal, 1027 studies were excluded at title and abstract screening (Figure 7). Ultimately, eight studies met
inclusion. Five of these reported on the primary outcome (all observational), and three of these addressed the
secondary outcome (two randomised control trials and one observational). The author attempted to contact
three authors (Nilsdotter & Lohmander, 2003; Norman-Taylor & Villar, 1997; Onsten & Carlsson, 1994) for

further information, but no replies were received.

46



Identification
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(n = 106G)
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!
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n=0)

Repors sought for retrieval
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'
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[
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2
]
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Reports excluded**:
Wrong population {n = 30)
Duplicate registry (n = 2}

Wrong outcome (n =2}

Reports assessed for eligibility
(n=19)

Studies included in review
Wia database search (n=15)
Via citation search {n = 3}

*Excluded by automation tools.
** Excluded by human screening.

Fig 1. PRISMA flow chart of the search strategy and study selection process

Figure 7. PRISMA flow chart of the search strategy and study selection process

2.3.2.1. Risk of bias

2.3.2. Primary outcome: Survival and periprosthetic fracture rate

Repors not retrieved
n=10)

—_—

Reports excluded**
‘Wrong population (n=6)

The five studies identified were assessed for risk of bias. Direct comparison of sex ratios and mean age were

possible in one of five studies, which indicated no difference in proportion of male to female observations (p =

0.610) or mean age (p = 0.464) (Jamsen et al., 2014). All other studies reported adjusting for age and sex within

their statistical models to avoid confounding (Bloemheuvel et al., 2022; Kandala et al., 2015; Mé&kela et al.,

2008; Pedersen et al., 2014). Three observational studies had independent low risk of bias (Jamsen et al., 2014;

Kandala et al., 2015; Makeld et al., 2008), and one indicated moderate risk in prognostic factor measurement

and study confounding (Pedersen et al., 2014). One study displayed a high-risk of bias related to confounding

and moderate bias in both study attrition and prognostic factor measurement (Bloemheuvel et al., 2022).

Detailed results of the individual bias assessments can be found in Table 2.
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Table 2. Risk of bias assessment for primary and secondary outcomes in the included studies

Primary outcome (survival)

Secondary outcomes (PROMs/HRQOL)

Bloemheuvel Jamsen et
etal. (2022) al. (2014)
QuiIps*
Study participation + +
Study attrition ! +
Prognostic factor ! +
measurement
Outcome measurement + +
Study confounding X +
Statistical analysis and + +

reporting

Kandala et Méakeld et Pedersen Nilsdotter Norman-
al. (2015) al. (2008) etal. and Taylor and
(2014) Lohmander Villar
(2003) (1997)
ROB 2**
+ + + + Randomisation process X
+ + + ! Deviations from the intended +
intervention
+ + ! ! Missing outcome data +
+ + + ! measure of the outcome +
+ + ! ! Selection of the reported result +
+ + + + Overall !

Onsten
and
Carlsson

(1994)

x: High risk; !: moderate or unclear risk; +: Low risk. Abbreviations: HRQOL, health related quality of life; PROMs, patient-reported outcome measures. * The Quality in prognostic study (QUIPS) tool uses the six important

domains that should be critically appraised when evaluating validity and bias in studies of prognostic factors (Hayden et al., 2013). * * Cochrane risk-of-bias tool for randomized trials (Higgins et al., 2024)
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2.3.2.2. Overall quality of evidence

Due to the heterogenous nature of the observational survival studies, both survival and PFF evidence was
determined to be of low quality and certainty. Four studies collected data from participants of different age
group categories. Data were collected across multiple timepoints, spanning several years, with studies
capturing survival outcomes over 1-5 years, 5-10 years, or 10-16 years, making it difficult determine a summary
of primary outcomes. Only age and fixation type consistently appeared as moderating factors. GRADE quality of
evidence for the outcome of survival and PPF rate was low, with moderate-to-high risk of bias, serious

indirectness, serious imprecision, and suspected publication bias (Table 3).

2.3.2.3. Study characteristics

The five observational studies included in the analysis (Bloemheuvel et al., 2022; Jamsen et al., 2014; Kandala
et al,, 2015; Makela et al., 2008; Pedersen et al., 2014; Stea et al., 2014) represented 244,032 cemented and
39,068 hybrid THA observations (Table 2). All studies reported on European national joint registry data (four
Nordic studies, one England and Wales), and included cemented, hybrid, and cementless survival comparisons,
with two studies also examining reverse hybrid THA (Bloemheuvel et al., 2022; Pedersen et al., 2014). There
was notable clinical heterogeneity in the age groups studied, with age ranging from 18 to 102 years in the
studies that reported age. Two studies focused specifically on patients aged over 80 years (Bloemheuvel et al.,
2022; Jamsen et al., 2014), one study included individuals aged 55 years and older (Makel3 et al., 2008),
another targeted patients between 35 and 55 years (Pedersen et al., 2014), and one study did not specify the
age or age range of participants (Kandala et al., 2015). Two studies reported overall male and female
observations combined for all THA categories within the study (Bloemheuvel et al., 2022; Pedersen et al.,
2014), while two others provided separate implant observations by sex (Jamsen et al., 2014; Makela et al.,
2008). One study did not specify or report male and female observations (Kandala et al., 2015). Study
observation periods spanned from 1980-2019 with follow-up durations ranging from 1 to 16 years. Survival
outcomes were reported at different follow-up periods. Two studies reported survival at 1, 3, and 5 years
(Bloemheuvel et al., 2022; Jamsen et al., 2014), and one study at 2 years (Pedersen et al., 2014). Four studies
reported survival at 10 years (Jdmsen et al., 2014; Kandala et al., 2015; Makel3 et al., 2008; Pedersen et al.,
2014) and one at 16 years (Pedersen et al., 2014). Three studies (Bloemheuvel et al., 2022; Jamsen et al., 2014;
Kandala et al., 2015) employed a competing-risk Kaplan-Meier approach, while two used standard unadjusted
Kaplan-Meier survival analysis (Mé&kela et al., 2008; Pedersen et al., 2014), reflecting methodological
heterogeneity. Two studies reported PPF rates (Bloemheuvel et al., 2022; Jamsen et al., 2014). Detailed

characteristics can be found in Table 4.
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Table 3. Certainty of evidence GRADE* for primary and secondary outcomes in the included studies

Certainty assessment Summary of findings

Included in Quality of
Outcome Studies (n) Study design Risk of bias Indirectness  Imprecision  Publication bias narrative Results evidence
synthesis (GRADE)
Hybrid:
No difference in survival
) 39,068
Survival 5 Observational studies® moderate-high serious’ serious’ suspected' rates heterogeneity in +---
Cemented:
population/samples
204,964
No significant difference
between hybrid and
Hybrid: 138

cemented PROMs. Old

PROMs 3 2 Randomised Control trials®¢; 1 Observational study?  moderate- high serious serious' suspected™ Cemented: +---
studies, poorly

247
conducted with limited
results.
Hybrid: Lowest in hybrid
3,745 compared to cemented.
PPF 2 Observational studies® moderate-high serious’ serious* suspected” +---
Cemented: Extremely limited study
25,836 number

*GRADE, grading of recommendation, assessment, development and evaluation; RCT, randomised controlled trial. 23/5 studies did not justify sample size, study attrition, prognostic factor measurement and study confounding; ® One study did not
identify the randomisation process and deviated from the intended intervention; ¢ Studies did not effectively measure the intended outcome; @ The only observational study did not clearly define study attrition, prognostic factor measurement,
statistical analysis and reporting used a mean follow-up; © Study designs were not specific to periprosthetic fracture rate, this was an additional outcome; f Differences in age categories of all studies; & Two studies used the same PROMs instrument
but reported the results differently; " Different HRQOL instruments; ' Time point collection for each study was different; I Studies had differing predictors of interest and varied between short, medium and long-term net and cumulative statistical

survival calculation; ¥ Periprosthetic fracture rate only recorded if part of revision, not recorded if revision not required; ' National registries represented, results may not be attributable to other populations; ™ Only two small samples represented in

the RCTs, from the same country; " Only reported in 2/8 studies.
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Table 4. Survival study characteristics in cemented and hybrid primary total hip arthroplasty for osteoarthritis

Author and year

Study period and

country

Study design

Sample size*

(cemented; hybrid)

Age
group

(years)

Mean follow-up,
collection time
points (years),

collection end

Outcomes

Predictors of

interest

Key findings

Bloemheuvel et al. (2022)+

Jamsen et al. (2014)%

Kandala et al. (2015)

Madkela et al. (2008)

Pedersen et al. (2014)

2007-2019

Netherlands’

1998- 2009

Finland?

2003-2012

3

England and Wales

1980-2004

Finland?

1995-2011
Sweden, Denmark,

Finland, Norway*

Observational.
Cemented,
hybrid,
cementless,

reverse hybrid

Observational.
Cemented,
hybrid,

cementless.

Observational.
2 cemented, 2
cementless and

1 hybrid.

Observational.
2 cementless, 1
cemented and
1 hybrid.
Observational.
Cemented,
cementless,
hybrid and

reverse hybrid.

n = 43,053 (22,025;
3,243)

n=4,777(3,811;
502)

n=239,089
(137,990; 28,471)

n =50,968 (34,296;

3,784)

n =29,558 (6,842;
3,068)

Not

reported

55-64,
65-74,
>75

35-45 &
46-55

Mean: 4.2 (0-13)
Times: 1, 3,5

End: Revision

Mean: 4 (1-13)
Times: 1, 3,5, 10

End: Revision

Mean: not
reported
Times: 1, 5, 10

End: Revision

Mean: 4.5-9.2
Times: 10, 15, 20

End: Revision

Mean: not
reported
Times: 2, 10, 16

End: Revision

Competing risk
Kaplan-Meier;

Revision rate (%)

Competing risk
Kaplan-Meier %

survival.

Competing risk
Kaplan-Meier;
Bathtub,
Weibull,
Loglogistic,
Flexible Revision

rate (%) ¥

Kaplan-Meier
standard %

Survival

Unadjusted
Kaplan- Meier %
survival at 2, 10

and 16 years

Age, sex, ASA,
fixation, head

size, approach

Age, sex,
facility, year,
comorbidity

type,
popularity of

implant

Age, sex,
fixation,

bearing type

Implant
groups, age,

sex

Age, sex,
fixation
technique and

calendar year

No difference in survival at either 1, 3
or 5 years. PPF rates cemented 6%,

and hybrid 3%.

No difference in survival at 1, 3, 5 or
10 years. PPF 11% in cemented, 18%

cemented women vs 0% hybrid.

Conclusive. Reported new 5%
benchmark for revision. Revision rate
of 1.88-2.11% in cemented and
2.42% in hybrid.

No difference. All age groups in both
hybrid and cemented groups had a

survival of >90% at 10 years.

Conclusive. Cemented indicated
higher survival percentage at 2, 10
and 16 years for any revision reason,
revision for aseptic loosening and

revision for any other cause.
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Abbreviations: ASA, American anesthesiologist physical status rating; PPF, periprosthetic fracture rate.

All studies included cementless/uncemented and/or reverse hybrid fixation or more than one cemented/hybrid component for comparison.

* Total sample size includes all hip fixation methods within the study, including cementless and reverse hybrid, where applicable. ** Specified a loaded-taper or composite beam stem. t These studies included periprosthetic
fracture rates. ¥ Actual revision rates at 5 years and estimated 10-year rates for 70-year-old males and females only. 9 No data at 15 or 20 years for hybrid fixation. The fixation technique did not fulfil the proportional hazards

assumption for Cox proportional hazards calculation; therefore, the population was split into subgroups (1995-1999, 2000-2003, 2004-2007, 2008-2011). ' Dutch arthroplasty register; 2 Finnish Arthroplasty Registry; * National
registry for England and Wales; # Nordic arthroplasty registry.

52



2.3.2.4. Narrative synthesis

Three survival studies with the lowest risk of bias (Jamsen et al., 2014; Kandala et al., 2015; Makeld et al., 2008)
identified no significant difference in survival between cemented and hybrid THA at 1, 3, 5, and 10 years. All
three studies presented mean survival for each fixation method, which ranged between 98.6 to 98.8% at 1
year, 98.1 to 98.3% at 3 years, 97.8 to 98.1% at 5 years, and 83 to 96% at 10 years. Due to heterogenous
methodologies, these survival percentages were not directly comparable. In an England and Wales 10-year
follow-up study (Kandala et al., 2015), after completing five different Kaplan-Meier model analyses, the
cemented prostheses with metal-on-polyethylene bearing surface had the highest estimated mean survival
rate of 98.02% at 10 years, with cemented ceramic-on-polyethylene survival second with 97.5%, and hybrid
metal-on-polyethylene third with 97.32%. With similar 10-year estimates between prostheses and a revision
percentage below 5%, the authors recommended the 10-year benchmark revision rate for all THA in England
and Wales be lowered from 10% to 5% (Kandala et al., 2015). No difference in survival between hybrid and
cemented THA was reported, although not assessed for statistical significance. Makela et al. (2008) identified
that at 10 years, all age groups in both hybrid and cemented THAs exceeded a survival of 90% with no
significant difference between the two fixation categories across age groups (p = 0.22 to 0.80). A moderate risk
of bias study (Pedersen et al., 2014) reported survival comparison at 10 and 16 years for both cemented and
hybrid THA using three endpoints: revision for any reason, revision for aseptic loosening, and revision for other
causes. Cemented THA was reported to show superior survival to hybrid THA at 10 years when the endpoint
was revision for any reason (90.2 + 0.43% versus 86.6% + 0.69), for aseptic loosening (92.8% + 0.38 versus
91.4% + 0.59) and for other reasons other than aseptic loosening (97.3% + 0.23 versus 94.8% * 0.44). The same
pattern was reported at 16 years, with cemented exhibiting higher survival than hybrid. Statistical significance
results were not reported. Synthesis of results seems to indicate that at timepoints up to 10 years, survival
tends to be similar and that there is little, if any, difference in survival between cemented and hybrid implants,
but that longer time frames may favour cemented THA. Clinical follow up beyond 15-years is required to

determine if a difference exists.

Two studies reported PPF rates (Bloemheuvel et al., 2022; Jamsen et al., 2014), with one of these studies only
reporting cemented PPF rate and not the hybrid PPF rate. The low risk of bias study (Jamsen et al., 2014)
reported a 10-year cemented PPF revision rate of 11%. The high risk of bias study (Bloemheuvel et al., 2022)
reported a PPF rate of 6% in cemented and 3% in hybrid THA at 5 years (Jimsen et al., 2014), thus it is not
possible to definitively establish whether PPF rates are lower in cemented or hybrid THA. Both studies showed
no difference in survival between hybrid and cemented THA (Bloemheuvel et al., 2022; Jamsen et al., 2014).

Detailed survival study information can be found in Table 5.
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Table 5. Survival and revision rate outcomes for the included studies in hybrid and cemented primary total hip arthroplasty for osteoarthritis

Study (Age group)

Sample size

Periprosthetic

fracture rates

1-y survival %

2-y survival %

3-y survival %

5-y survival %

10-y survival %

15-y survival % 16-y survival %

Bloemheuvel et al. (2022)
> 80 years
Median age: 83 (80-108)¢
M:10,931; F: 32,073¢

Median FU: 4.2y

Cemented: 22,025

Hybrid: 3,243

26/427 (6%)

2/61(3%)

Net:98.7 (98.6-98.8)¢"
CR: 98.7 (98.6-98.9)"

Net: 98.6 (98.4-98.8)¢h
CR: 98.8 (98.3-99.1)"

Net: 98.2 (98.1-98.3)¢"
CR: 98.3 [98.1-98.4]"

Net: 98.2 (98.0-98.4)¢h
CR: 98.3 [97.8-98.7]"

Net: 97.8 (97.7-97.9)¢"
CR: 98.0 (97.7-98.2)"

Net: 98.0 (97.7-98.3)¢h
CR: 98.1 [97.5-98.6]"

Jamsen et al. (2014)20

280y

Mean FU: 4y

Cemented: 3,811

M: 1,143; F: 2,668

Mean age: 82y (80-102)

Hybrid: 502

M: 145; F: 357

Mean age: 82y (80-95)

5/46 (11%) 1y
10/57(18%)

inF

0/5(0%) in F

CR:98.8 (98.4-99.2)"

CR: 98.6 (97.6-99.7)™

CR: 98.1(97.7-98.6)"

CR: 98.1(96.9-99.4)™

CR: 97.8 (97.3-98.3)"

CR: 98.1(96.9-99.4)™

CR: 97.4 (96.9-98)™

CR: 98.1(96.9-99.4)™

Kandala et al. (2015)2bcd
Age not specified
Median age: 70.4y¢

Mean FU: -

Cemented: 137,990
M: -; F: -

Hybrid: 28,471
M: - F: -

CeCoP: 98.12f (97.89-98.03)
CeMoP: 97.78f (97.17-97.58))

HyMoP: 97.58f (96.92-97.50)

Mikel3 et al. (2008)2d

55->75y

mean FU: 3.6-10.2y

Cemented: 34,296
M: 12,004; F: 22 292
Mean age: 70y (55-95)

Hybrid: 3784
M: 1,551; F: 1,548
Mean age: 72y (55-96)

Aseptic loosening
55-64y: 85 (84-86) n = 2,138
65-74y: 91 (91-92) n = 5,899

275y: 95 (95-96) n = 2,299
All: 91 (91-91) n = 10,335
All reasons
55-64y: 83 (82-85) n = 2,140
65-74y: 89 (89-90) n = 5,904
275y: 93 (93-94) n = 2,300
All: 89 (89-89) n = 10,343

Aseptic loosening

55-64y: 90 (85-95) n =77
65-74y: 93 (91-95) n = 194
275y: 96 (93-100) n =73
All: 93 (92-95) n = 343

All reasons!

Aseptic loosening
55-64y: 71(69-73) n = 1,086
65-74y: 85(84-86) n = 2,049 -
275y 93(92-94) n = 441
All: 83(82-84) n = 3,575
All reasons
55-64: 68(66-70) n =1,088
65-74: 82(81-83) n = 2,051 -
275y: 91(90-92) n = 441
All: 80(80-81) n = 3,579
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Study (Age group) Sample size

Periprosthetic

fracture rates

1-y survival % 2-y survival %

3-y survival % 5-y survival %

10-y survival %

55-64y: 83 (76-89) n = 78

15-y survival %

16-y survival %

Cemented: 6,842
Pedersen et al. (2014)?

35-55y

Mean age: -

Any: 98.6 + 0.14
AL: 99.6 £ 0.43

65-74y: 88 (86-91) n = 194
275y: 92 (88-95) n =73

All: 88 (86-90) n = 344

M: 15,391¢
F:14,167¢

Mean FU: - Hybrid: 3,068

Other: 99.0 £0.12/

Any: 97.7 £0.27
AL:99.3 £0.15

Other: 98.4 +0.23

All: 90.2 + 0.43
AL:92.8 £ 0.38'

Other: 97.3 £ 0.23

All: 86.6 + 0.69'
- AL:91.4+0.59

All: 77.4 £ 1.13
AL: 80.5 +1.13
Other: 96.1 + 0.39'

All: 68.5 £ 2.12

Other: 90.1 + 1.08'

potentially; " Mean survival% [95%Cl][low - high]; 'Mean survival% + standard deviation;’ Range of survival percentages between Bathtub, Weibull, Loglogistic and flexible Kaplan-Meier models.

AL:75.9 +2.17

Other: 94.8 + 0.44'
Abbreviations: AL, aseptic loosening; CeCoP, cemented ceramic on polyethylene; CeMoP, cemented metal on polyethylene; CR, competing risk (death); F, female; FU, follow-up; M, male. ? Included other hip types (cementless and/or reverse hybrid) in the comparison; > Only included specific makes of component;
¢ Included bearing surface as a predictor of survival; ¢ Bilateral THR not mentioned; ¢ Of the entire sample only;  Crude survival rate - Competing risk survival rate with death as a competing risk; & Net survival rate- The estimated survival rate accounting for only those who survived long enough to require revision
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2.3.3. Secondary outcome: Patient-reported outcome measures

2.3.3.1. Risk of bias

Three studies (Nilsdotter & Lohmander, 2003; Norman-Taylor & Villar, 1997; Onsten & Carlsson, 1994) were
identified as including PROMs and evaluated for risk of bias. The only observational study (Nilsdotter &
Lohmander, 2003) was evaluated using the QUIPS tool (Hayden et al., 2013), and the two remaining RCTs
(Norman-Taylor & Villar, 1997; Onsten & Carlsson, 1994) evaluated using the ROB 2 (Sterne et al., 2019).
Baseline comparisons showed no age or sex differences between cemented and hybrid groups in the Swedish
RCT (Onsten & Carlsson, 1994) (low risk of confounding). In the UK RCT (Norman-Taylor & Villar, 1997), the
hybrid group was significantly younger than the cemented group (p < 0.001, d = 0.97), indicating possible age-
related confounding. The Swedish observational study (Nilsdotter & Lohmander, 2003) had more females and
older participants in the cemented group, suggesting imbalance in key demographic variables. While both RCTs
showed comparable sex ratios (p>0.05) (Norman-Taylor & Villar, 1997; Onsten & Carlsson, 1994), the
observational study did not (Nilsdotter & Lohmander, 2003). These differences lower confidence in the
observational findings due to risk of confounding and contribute to downgrading the certainty of evidence. The
observational study (Nilsdotter & Lohmander, 2003) indicated a moderate risk of bias in study attrition,
prognostic factor and outcome measurement, and study confounding, with all other factors indicating a low
risk of bias. Both RCTs scored moderate risk of bias overall (Norman-Taylor & Villar, 1997; Onsten & Carlsson,
1994). Individual high-risk of bias was identified in the randomisation process in one of the RCTs where

randomisation was not described (Norman-Taylor & Villar, 1997). Results can be found in Table 2.

2.3.3.2. Overall quality of evidence

The overall certainty of evidence was very low based on GRADE for secondary outcomes (PROMs) when
comparing hybrid and cemented THA, with moderate-to-high risk of bias, serious indirectness, serious
imprecision, and suspected publication bias (Table 3). All three studies indicated methodological heterogeneity,
using assorted and inconsistently applied tools at varying follow-up points (1, 2, and 3.6 years), and across
heterogenous populations with poorly defined or non-existent subgroups. These factors severely limited the

validity, comparability, and applicability of findings to clinical practice.

2.3.3.3. Study characteristics

Characteristics of individual studies can be found in Table 6. The three studies (Nilsdotter & Lohmander, 2003;
Norman-Taylor & Villar, 1997; Onsten & Carlsson, 1994) together compared PROMs scores between 138 hybrid
and 247 cemented primary THAs (186 males and 200 females) for osteoarthritis. Two RCTs (n = 80 and n = 60
respectively) (Norman-Taylor & Villar, 1997; Onsten & Carlsson, 1994), and one observational study (n = 196)
(Nilsdotter & Lohmander, 2003) were performed in Europe (two in Sweden (Nilsdotter & Lohmander, 2003;
Onsten & Carlsson, 1994) and one in the UK (Norman-Taylor & Villar, 1997) and compared specific hybrid and
cemented implants rather than broad category components. Observation periods ranged from 1988 to 1998

and reported short-term (1, 2, and 3.6-year) PROMs, with two studies also reporting preoperative scores
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(Nilsdotter & Lohmander, 2003; Norman-Taylor & Villar, 1997). Both RCTs (Norman-Taylor & Villar, 1997;
Onsten & Carlsson, 1994) used the Harris hip score measurement tool, however one RCT converted the original
Harris score to Rosser Index pain and disability values (Norman-Taylor & Villar, 1997), and reported Rosser

Index quality of life results rather than Harris hip score.
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Table 6. Characteristics of included studies comparing PROMs in cemented and hybrid total hip arthroplasty for osteoarthritis

Study period and Sample Follow-up Collection
Author Study design Age group Outcomes Predictors of interest Key findings
country size period time points
No difference in PROMs between cemented
n=196 HRQOL: SF-36 Age, sex, fixation,
Nilsdotter and Lohmander 1995-1998 and hybrid THR noted. Statistically significant
Observationalt C-139 NR PROM: WOMAC 3.6y 1and 3.6y follow-up time,
(2003) Sweden improvement in postoperative scores for both
H-57 Preop: Yes baseline values
fixation types.
HRQOL: Rosser
n=80 Index
Norman-Taylor and Villar 1992-1994 Inconclusive. Harris hip score used to
RCT C-40 <70 PROM: Harris Hip 1y 1y Age, sex
(1997) United Kingdom determine Rosser index score
H-40 Score
Preop: Yes
HRQOL: No
n =60
Onsten and Carlsson 1988-1991 PROM: Harris Hip No difference in PROMs between cemented
RCT C-30 40-70y 2y 2y Fixation
(1994) Sweden Score and hybrid THA noted.
H-30
Preop: No

Abbreviations: C, cemented; H, hybrid; HRQOL, health related quality of life; THA, total hip arthroplasty; NR, not reported; Preop, preoperative; PROM, patient-reported outcome measure; RCT, randomised control trial; SF-36, 36-Item Short Form Survey; WOMAC, Western Ontario

and McMaster Universities Arthritis Index. T Hospital sample
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The results of the Swedish RCT study (Onsten & Carlsson, 1994) indicated a 2-year mean Harris pain score of 42
out of 44 for each THA group, and mean Harris hip score of 91 and 92 for hybrid and cemented respectively,
with no reporting of statistical significance. In the UK RCT (Norman-Taylor & Villar, 1997), there was no
statistically significant difference between the cemented and hybrid preoperative Rosser Index HRQOL scores
(p =0.596); but at 1-year, hybrid THAs performed statistically significantly better than cemented THAs (0.988 +
0.018, 0.995 + 0.006 respectively, p = 0.015) with the cemented hip reporting better Rosser Index HRQOL
scores. The Swedish study determined a hybrid prosthesis did not impair early quality of life outcomes and
although HRQOL scores increased in all 80 patients, the study identified that 60% of hybrid THA patients
achieved maximal HRQOL scores after 1 year. This HRQOL study however, suggested improvement in quality of

life was not dependent on prosthesis type.

The observational study (Nilsdotter & Lohmander, 2003) included preoperative, 1-year, and 3.6-year WOMAC
and SF-36 scores. No difference in WOMAC scores between the cemented or hybrid groups at any timepoint

|u

was noted. The SF-36 subscales of “role physical” and “general health” showed statistically significant
differences (p < 0.05) preoperatively, and in all but one subscale (i.e., “bodily pain”) at 1-year, and two
subscales (i.e., “bodily pain” and “general health”) at 3.6 years with hybrids indicating better scores. However,
when the scores were adjusted for age, sex, follow-up time and baseline values, no statistically significant

differences were revealed. See Table 7 for detailed results of each study.

2.3.3.4. Narrative synthesis

With very low certainty of evidence, in three heterogenous studies using assorted PROMs tools at inconsistent
timepoints, drawing secondary outcome conclusions regarding superiority is challenging. All three studies
report PROM improvements in both cemented and hybrid THAs at their chosen follow-up periods, and no
significant differences in PROMs between the two THA options. Despite differences in instruments and follow-
up durations, the consistent direction of effect (i.e., no observed or statistically significant difference) supports
the conclusion that PROMs may be similar between the two fixation types. While formal data synthesis was not
feasible, the narrative synthesis suggests that across different instruments and timepoints, PROMs do not
appear to differ meaningfully between cemented and hybrid THA. However, due to high risk of bias and very
low certainty of evidence, these finding must be interpreted with caution. The lack of observable difference

may be due to study limitations and imprecision.
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Table 7. Outcomes of patient-reported outcome studies comparing hybrid and cemented primary total hip arthroplasty for osteoarthritis

PROM (mean % SD) HRQOL(mean + SD)
Article Prosthesis type Sub
Instrument Sub level Preop 1year 2 years 3.6 years Instrument Preop 1year 3.6 years
level
PF 30.43+20.4 61.6+22.4 56.5+24.2
RP 6.8+17.1 51.7¢42.3 39.7¢42.9
BP 30.5£15.6 72.3+24.9 64.9+25.6
Pain 45.3£17.9 84.4£17.1 - 81.0£20.1 GH 66.4£19.6 68.9£20.5 64.4+21.1
Cemented (n=177) Stiffness 37.7£16.6 75.8+20.5 - 76.1£22.0 vT 47.8+21.3 68.7£22.0 61.0£24.0
Mean age: 75 (61-92)9 Function  37.1#15.5 75.4+18.0 - 71.3+20.4 SF 62.61£26.5 84.7423.5 81.0+23.0
M: 73; F: 104 RE 33.6£41.0 63.3£40.7 56.8+44.0
MH 68.3£19.8 80.2+19.3 76.5£19.8
Nilsdotter and
WOMAC SF-36
Lohmander (2003)
n =245 PF 30.4£17.7 74.2+19.7*%  68.2+25.3*
Age: NR Hybrid (n = 68) RP 15.5+28.7* 72.4437.1%  63.9+41.6%
Mean age: 62 (50-72)9 BP 30.3+£20.0 78.0£21.7 69.2+27.9
M: 39; F: 29 Pain 44.8+15.9 84.1+18.1 - 84.2+21.0 GH 72.4+20.3* 78.7+21.6* 70.1£23.9
Stiffness 42.0£15.7 81.8+16.6 - 80.7+22.3 vT 51.2+20.2 78.0+20.8*  70.0+24.1*
Function  41.8+12.5 83.0£16.1 - 81.2+20.4* SF 67.0£25.3 92.7+17.2*  90.6+20.5*
RE 43.8+44.3 86.3+29.2*%  83.6+32.0*
MH 71.6%£23.8 87.3t15.7*  83.4+20.1*
A B C D A BCD
- 15, 3, 3, -
4, 10, 2,
1l 8 3 -
1
Cemented (n = 40) 1] 1, 8 "1, 1 -
Mean age: 58.22y + 6.7
Pain - - - - \" 3,17 - -
(40-65)
M: 19, F: 21 Hip - - - - Vv - - -
Norman-Taylor
Harris Hipt Rosser Index| Vi - - -
and Villar (1997)
n =80 AB CD A B CD -
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PROM (mean % SD) HRQOL(mean * SD)
Article Prosthesis type Sub
Instrument Sub level Preop 1year 2 years 3.6 years Instrument level Preop 1year 3.6 years
Age: <70y Hybrid (n = 40) Pain - - - - | - 24, 6 -
Mean age: 52.90y + 6.6
Hip - - - - 1} 5 3,1 -
(39-67) 5,10
M: 22, F: 18 1] 2,8 1 -
v 2,13 - -
\Y - - -
\ - - -
Cemented (n =30) Pain - - 42 -
M: 16; F: 14 Hip - - 91 -
Mean age: 63 £ 6%
Onsten and Harris
Carlsson (1994) Hip$q - - - - - - - -
n =60 Hybrid (n = 30) Pain - - 42 -
Age: 40-70y M:17; F: 13 Hip - - 93 -

Mean age: 62 + 6%

* p <0.05 between hybrid and cemented mean outcome score. Abbreviations: BP, bodily pain; GH, general health; HRQOL, health related quality of life; MH, mental health; PROM, patient-reported outcome measure; PF, physical function; RE, role

emotional; RP, role physical; SD, standard deviation; SF, social function; SF-36, 36 Item Short Form Survey; VT, vitality; WOMAC, Western Ontario and McMaster Universities Arthritis Index. T Actual scores not reported, used to determine Rosser

index. ¥ No range provided. 9 No standard deviation provided. 4 The Rosser index derives scores from the Harris hip score; the matrix allocates scores from -1.486 to 1.000. A score of 1 indicates complete normality; death is given a score of

0.000. Numbers reported are the distribution of patients within each category with Al being the best score and DVI being the worst quality of life score.
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2.4. Discussion

This review focused on studies comparing implant survival, PPF rate, and PROMs between hybrid and
cemented primary THA for end stage osteoarthritis. From the eight retrieved studies (Bloemheuvel et al., 2022;
Jamsen et al., 2014; Kandala et al., 2015; Makela et al., 2008; Nilsdotter & Lohmander, 2003; Norman-Taylor &
Villar, 1997; Onsten & Carlsson, 1994; Pedersen et al., 2014), five observational studies (Bloemheuvel et al.,
2022; Jamsen et al., 2014; Kandala et al., 2015; Makela et al., 2008; Pedersen et al., 2014) compared the
primary outcomes of survival and two studies compared PPF rate (Bloemheuvel et al., 2022; Jamsen et al.,
2014). Two RCTs (Norman-Taylor & Villar, 1997; Onsten & Carlsson, 1994) and one observational study
(Nilsdotter & Lohmander, 2003) analysed PROMs.

2.4.1. Survival

While the overall number of observations in the survival studies was substantial (n = 283,100), lack of clinical
and methodological homogeneity led to variability in findings. Three studies (Bloemheuvel et al., 2022; Jamsen
et al,, 2014; Makela et al., 2008) found no survival difference between hybrid and cemented THA over 1, 3, and
5 years, while two (Kandala et al., 2015; Pedersen et al., 2014) reported marginally better 10-year cemented
survival and one study (Pedersen et al., 2014) better 16-year cemented survival. However, neither of the latter
studies confirmed whether the observed differences reached statistical significance. Survival outcomes
appeared to vary by patient group, follow-up duration, and implant type. Studies examined patients from
under 55 years only (Pedersen et al., 2014) to those over 80 years only (Bloemheuvel et al., 2022; Jamsen et al.,
2014). In some studies, survival seemed to be better in specific cemented subgroups (e.g., ceramic-on-
polyethylene bearings) (Kandala et al., 2015), suggesting that individual implant characteristics may be more

important than fixation type alone.

Broad category classifications of THA fixation groups include multiple implant brands (stems and acetabular
cups), designs (geometry), materials, and coatings, which can behave differently in terms of longevity, wear,
and complications (Boyle et al., 2022). Examining broad categories can highlight general trends, but lacks the
detail needed to guide implant selection. Research on specific implant comparison may allow more accurate
assessment of variability in patient outcomes, improve implant selection for patients, provide more clinically
relevant outcomes, and avoid misleading conclusions (Campbell et al., 2021). Focusing on specific implant
comparisons risks reduced sample sizes and statistical power, compromising inference, but the continued use
of regional or national registry data could mitigate this limitation by leveraging access to larger and more

generalisable patient populations.

Only two studies reported PPF rates (Bloemheuvel et al., 2022; Jamsen et al., 2014), both in patients 80 years
and older but at different timepoints. One study indicated higher PPF rates in cemented THA (Bloemheuvel et
al., 2022). Still, this difference did not translate into poorer implant survival in cemented THA overall. The

available data do not support PPFs as the most common cause of revision in either cemented or hybrid THA.
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More importantly, clinical failures that did not result in revision were not documented. Since some PPFs are
managed without revision (e.g., with fixation), and these cases were not reported, the true incidence of PPFs
may be underestimated in both fixation types. This lack of reporting lowers the proportion outcome of PPF in
cemented and hybrid fixation in THA. A study analysing data from the UK National Joint Registry found that
56% of postoperative PPFs were not captured by the registry, as the cases were treated without the
replacement of components (Lamb et al., 2024). Lamb et al. (2024) noted PPF as the leading cause of major
reoperation (but not necessarily component replacement) following THA and that the prevention and
treatment of PPF requires further research. It may be prudent to include, at a minimum, PPFs requiring surgical

intervention within revision registry data collection.

All survival studies (Bloemheuvel et al., 2022; Jamsen et al., 2014; Kandala et al., 2015; Makela et al., 2008;
Pedersen et al., 2014) used national registry derived data for survival analysis. The lack of consistent reporting
of statistical significance, follow-up periods, and patient stratification reduces the overall ability to determine
meaningful inferences from findings. While national joint registries are invaluable for monitoring and improving
the outcomes of joint replacement surgeries, they do have some limitations. National registries provide broad
standardised data that help identify overall trends in outcomes, implant longevity, and patient demographics
(Lubbeke et al., 2017; Sutton & Murray, 2025). However, they mask regional disparities by averaging data
across different populations and may not capture variations, for example, between wealthier and deprived
regions or populations of different ethnicities. Regional joint registries may offer more detailed insights into
regional population characteristics, specific access barriers, rural versus urban areas, and variations in surgical
and funding outcomes (private versus public) (Burt, 2024). For surgeons, regional data analysis may be more

effective at determining the most successful THA for a specific demographic of patient.

Methodological heterogeneity between the survival studies complicated comparison and inference.
Standardising survival analysis models, the handling of missing data, statistical adjustments, and definition of
outcomes affected the validity and comparison of results. Methodological homogeneity in registry data analysis

would allow opportunity for easier comparison and evaluation of survival outcomes.

2.4.2. Patient-reported outcome measures

Although limited, all PROMs studies (Nilsdotter & Lohmander, 2003; Norman-Taylor & Villar, 1997; Onsten &
Carlsson, 1994) reported improvements in HRQOL following primary THA for osteoarthritis, regardless of
fixation type. One RCT (Norman-Taylor & Villar, 1997) found a statistically significant advantage for hybrid THA
at 1-year using the HRQOL Rosser Index. The observational study (Nilsdotter & Lohmander, 2003) reported
differences in SF-36 subscales, favouring hybrid THA at 1-year and 3.6-years, but these differences were not
statistically significant after adjusting for age, sex, follow-up time, and baseline values. Overall, both hybrid and
cemented PROMs improved substantially and appeared similar between groups, but due to a small number of
studies and no follow-up beyond 3.6 years, no difference in PROMs between hybrid and cemented THA could

be identified in the medium-term to long-term. The included studies spanned a 30-year period and dated
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timeframe (1988-1998) and offer valuable historical perspectives. However, their relevance to contemporary
practice is limited due to outdated measurement tools, evolving surgical techniques, and shifting patient
expectations. Interpretation should be cautious, particularly when comparing to modern cohorts. In all three
studies (Nilsdotter & Lohmander, 2003; Norman-Taylor & Villar, 1997; Onsten & Carlsson, 1994) included in the
systematic review, younger, likely more active patients, were selected for hybrid THA, possibly reflecting
surgeon preference rather than a truly random comparison. This bias creates indirectness of evidence as

outcomes may reflect patient characteristics rather than implant design.

The absence of comparable PROM data of more than 3.6 years also highlights a major evidence gap. A seven-
year prospective international multicentre study observed that while patients experienced significant
improvements in PROMs within the first-year post THA, certain factors like obesity and postoperative
difficulties in self-care were associated with a gradual decline in outcomes over the subsequent years (Galea et
al., 2019). This study highlights the importance of continued monitoring to assess the sustainability of surgical
benefits. Research also indicates that PROMs tend to plateau after 1-to-2 years post-surgery, but that attrition
over time may affect study sensitivity (Spece et al., 2025). This attrition rate could be mitigated by using
prospective national or regional population PROMs data rather than smaller sample groups (Faber & Fonseca,
2014). A longitudinal cohort study by Schwartz et al. (2022) emphasised that cognitive and mental health
assessment significantly influence recovery trajectories post THA and suggested that long-term PROMs are
essential for identifying patients at risk of poorer outcomes and for tailoring postoperative care accordingly.
Such information is vital for setting realistic patient expectations and facilitating informed decision making
regarding the procedures available. Although one RCT reported statistically significant HRQOL differences at 1
year favouring hybrid THA (Norman-Taylor & Villar, 1997), this finding was not consistently observed across

other studies or timepoints.

There is a pressing need for contemporary, high-quality research evaluating patient-centred outcomes across
different fixation types using standardised PROMs. Future studies should standardise the selection, collection
and reporting of PROMs ideally in alignment with internationally agreed guidelines. While the Oxford hip score
is one of the most used hip-specific PROM tool for THA (Holmenlund et al., 2021), valued for its simplicity,
validation and strong correlation with patient satisfaction and outcomes, the WOMAC is considered the highest
quality PROMs tool for osteoarthritis (Gagnier et al., 2018). The author proposes the use of at least one of
these tools as an international standard. Transparency on missing data, loss to follow-up, and selection bias is
essential. Lack of studies could reflect a systematic under collecting and underreporting of PROMs in this area
contributing to uncertainty and limiting evidence-based decision making. Recommendations would be to
collect PROMs preoperatively, at 6 months to 1-year, and then at 5 yearly intervals, in line with the NZJR (McKie
et al, 2024).

Although RCTs are the gold standard for evaluating the efficacy and safety of medical interventions, Pakvis et al.

(2011) argued that RCT studies are challenging to conduct in THA and may not always reflect the complexities
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of real-world orthopaedic care. These authors suggested that well-designed non-randomised studies with
adequate follow-up and rigorous outcome measurement could serve as a benchmark for high-quality evidence
in orthopaedics (Pakvis et al., 2011). These benchmark studies would involve comparing similar populations,
interventions and follow-up durations, using consistent outcome tools, data collection timelines,

methodologies, and standardised statistical analyses.

Both survival and PROMs studies suffered from common limitations, including clinical and methodological
homogeneity and inconsistent reporting. There are key limitations in the current literature, notably few
published studies; heterogeneity in study design, outcome measures, and follow-up durations; and all studies
conducted in European countries. The fact that all studies in the review were European limits the international
generalizability of the findings due to potential differences in healthcare systems, surgical techniques, patient
demographics, and ethnic variations in hip anatomy (Kim et al., 2011; Thiesen et al., 2022). Broadening the
evidence base to include studies from regions such as North America, Canada, Africa, Asia and Oceania would
promote more equitable and optimal patient outcomes across diverse global populations. Furthermore, there
is more recent data suggesting that larger femoral heads improve stability, thus reducing dislocation risk,
however, produce comparable PROMs function (Darden et al., 2025). Head size was not addressed as part of
this review. Of the articles reviewed, one study stratified for head size, indicating a decrease in PROMs long-
term in smaller head sizes in univariate analyses, but not when considering other factors (Hesseling et al.,

2019).

Bias assessments identified moderate-to-high and high risk of bias across studies, with concerns related to
confounding, prognostic factor measurement, randomisation and missing outcome data. Additionally,
publication bias is suspected due to the low number of eligible studies. Taken together, the evidence
comparing hybrid and cemented THA is limited by study quality, short follow-up in PROM studies, and
inconsistent methodology in survival studies. While both fixation types appear to offer good early PROMs and
comparable implant longevity, further research is required, particularly longer-term PROMs studies and
implant survival at the prosthesis level (Boyle et al., 2023) rather than broad fixation categories. Standardised
methods, adjusted analyses, and stratification by patient and implant characteristics are essential for informed

decision making.

2.5. Conclusion

The review of the literature identified primary survival and PPF rates and secondary PROMs outcomes between
hybrid and cemented THA for patients with end stage osteoarthritis from eight available studies. The studies do
not clearly demonstrate a superior fixation category between hybrid and cemented THA. Both THA options

showed improvements in early PROMs, exceeding 98% survival at 1 and 2 years and at least 90% survival at 10-
years. All studies identified were European and evaluated outcomes from 1980 to 2019, suggesting that earlier

studies might not relate to current surgical practices. Indeed, changes in practice over time may influence the
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heterogeneity of this review. The included studies were also inconsistent in reporting similar patient
demographics, particularly age, PROMs, study time periods, length of follow-up, statistical methods, and THA
implant components. A further limitation of the included studies was the inconsistent reporting of femoral
head size; head diameter was not universally documented, categorised, or standardised across the survival and
PROM literature reviewed, precluding any systematic assessment of its contribution to the outcomes reported.
European only studies are limited in their ability to reflect outcomes in non-European settings, due to regional
variations in clinical practice and patient demographics. The absence of longer-term PROM data is a significant
gap and likely the biproduct of short-term focus, resource, and time constraints. Future research should focus
on product specific outcomes, standardized methodologies, and longer PROMs follow-up to provide clearer
insights. Regional joint registry data can enhance decision making by considering demographic and
socioeconomic factors for more personalised treatment procedures. This review is the first to attempt to
summarise literature contrasting survival, PPF, and PROM outcomes between cemented and hybrid primary
THA for osteoarthritis, identifying comparable outcomes between methods when considering the few studies

available.

2.6. Limitations

This review is limited by the quality and heterogeneity of the included studies, which constrained the strength
and interpretability of the findings. The potential for publication bias exists, as studies reporting null or
negative outcomes may remain unpublished. Much of the available evidence is dated and may not reflect
modern surgical techniques or implant designs. As with all observational evidence, residual confounding and
selection bias cannot be excluded. The exclusion of non-English language studies and grey literature may have

introduced additional bias. Femoral head size was included in one study only.
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Chapter 3. Ten-year survival comparison of two cemented implants

in primary total hip arthroplasty for osteoarthritis

Prelude: The preceding systematic review identified a lack of comparative evidence addressing primary and
secondary outcomes of cemented and hybrid THA. No high-quality evidence was found to determine whether
cemented or uncemented acetabular cups with cemented stems translated into measurable differences in
implant performance. All reviewed studies were performed on national registry data and heterogenous

implants in each category limiting comparability of outcomes.

Although the overarching objective of this Thesis is to compare outcomes between modern cemented and
hybrid primary THA for OA, it was first necessary to establish the performance of the modern cemented
comparator itself. The cemented acetabular component in routine clinical use in NZ changed in 2010, when
early generation ECF use diminished in favour of the modern HXLPE Rimfit implant. While the ECF has a
positive established reputation for long-term survival, the survival performance of its successor has not been

independently compared within the same population and stem construct.

Given both cemented implants under investigation incorporate the same cemented Exeter V40 femoral stem,
any comparison implicitly assumes stability and equivalence within each cohort. Establishing comparative
survival and reasons for revision between the two cemented acetabular components was therefore a necessary
methodological step to validate the cemented construct as a reliable reference before proceeding to hybrid—

cemented comparisons of survival and patient-reported outcomes.
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3.1. 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
(Satalich et al., 2022). Since then designers have introduced substantial improvements such as flanged cups to
improve cement pressurisation (Boote et al., 2022) and improved cement formulations (Niculescu et al., 2015).
The early generation Exeter® Contemporary Flanged Cup™ (Stryker Orthopaedics, Mahwah, NJ, USA) (ECF),
developed in 1998 reports excellent survival outcomes up to 15 years (Lamberton et al., 2023; Maggs et al.,
2016) with extremely low dislocation (Partridge et al., 2016) and aseptic loosening rates (Kristof et al., 2024).
From 2010 the focus became the reduction of PE wear and improvement in cement mantle consistency (Bota
et al,, 2021). New cemented components, such as the highly cross-linked polyethylene (HXLPE) Exeter® X3®
Rimfit™ (Stryker Orthopaedics, Mahwah, NJ, USA) (Rimfit) were introduced, proposed to reduce wear and
lower osteolysis risk (Migliorini et al., 2023). 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 (Exeter X3 RimFit Socket, 2025). Many high volume hospitals and public settings gradually discontinued
use of the ECF (Maggs et al., 2016) in favour of the more durable Rimfit (Migliorini et al., 2023). The
recommended stem for both the ECF and Rimfit is the cemented Exeter® V40™ with excellent survival
outcomes (Daoub et al., 2022; Kristof et al., 2024; Mahon et al., 2020) and a low rate of revision (Evans et al.,
2023; Kristof et al., 2024). 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 (McKie et al., 2024). The
Rimfit/V40 combination is the second most prevalent cemented THA with over 3,000 surgeries from 2010 to

2022 (McKie et al., 2024).

There are few studies on survival outcomes of the ECF (Kristof et al., 2024; Lamberton et al., 2023; Maggs et al.,
2016; Partridge et al., 2016) or the Rimfit (Boyle et al., 2023; Boyle et al., 2022; Junnila et al., 2016), and none
restricted to osteoarthritis. There is no study directly comparing their survival, reasons for revision, or revision
predictors of interest in osteoarthritis. In the only published comparison study (vanWinterswijk et al., 2017),
both displayed “similar 5-year outcomes” in radiotranslucent 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 eliminates variations in surgical skill, experience, and preferred technique. Therefore, this
analysis focused on data from a regional registry. This study compared and reported patient characteristics, 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 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.
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3.2. Methods

3.2.1. Data source and collection

Ethical approval was obtained from The University of Waikato Human Research Ethics Committee
(HREC2023#12). The 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 cross-linked polyethylene, were included in analysis with follow-up to 30 June 2023 or a
maximum of 10 years. This study elected to report outcomes at 10 years as this represents a clinically
meaningful and widely accepted benchmark in arthroplasty research. THAs 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 features such as flange
geometry and rim configuration. This study was conducted and reported in accordance with the STROBE

guidelines (von Elm et al., 2007).

Adverse events (revision) were categorised 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, ethnicity, ASA rating, and funding source.
Predictors and subcategories are summarised in Table 8. Age at surgery was classified to align with the NZ,
Australia, England-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 category. BMI at surgery was classified into five categories as per the Centre for
Disease Control (Assessing your weight | Healthy weight, nutrition, and physical activity | CDC). ASA ratings are
graded into four categories. However, eight ASA 4 observations 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 identifier assigned to each person in NZ).
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Table 8. Classification of patient 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 (years)

<65 Under but not including 65 years

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

275 Including and over 75 years

BMI (kg/m?)

<25 Normal BMI

25-29.9 Overweight

30-34.9 Obese Class |

35-40 Obese Class Il

>40 Obese Class I

ASA rating

ASA 1 Patient is a completely healthy, fit patient.

ASA 2 Patient has mild systemic disease.

ASA 3 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 undetermined ethnicities

Abbreviations: ASA, American Society of Anesthesiologists Physical Status classification system; BMI, body mass index; NZ,
New Zealand

$ NZ Government Stats NZ, Tatauranga Aotearoa

3.2.2. Survival

A pairwise deletion approach was implemented to handle missing data so that all available data were used in
statistical analysis. Revision and death were identified through the compulsory national joint registry, which
captures all primary procedures, revision operations, and mortality through national data linkage. As a result,
loss to follow-up was negligible. Patients who had not experienced the event of interest (revision) were right
censored at the earliest of the study end date. Standard Kaplan-Meier analysis was performed on the dataset
using the R studio 2024.09.0 “Cranberry Hibiscus” statistical package (Posit, 2023). Kaplan-Meier assumptions
of independent, non-informative censoring; time-to-event data; homogeneity of survival and no influential
events affecting survival were met. Competing risk of death analysis was considered; 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
differences in mean age or BMI between the implant groups, and Chi square tests to compare proportions for

each categorical predictor between implants.
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3.2.3. Reasons for revision

Reasons for revision were categorised into dislocations, infection, periprosthetic fracture, pain, aseptic
loosening of acetabulum, aseptic loosening of both components, loosening of acetabulum due to infection, fall,

and broken stem. Chi square tests compared proportions of revision types between implants.

3.2.4. Regression

Uni- and multivariate Cox regressions were performed on the overall cemented sample as well as for each
implant. To assess the robustness of findings, proportional hazards assumption was evaluated using Schoenfeld
residuals 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 significance set to p < 0.05. All analyses were conducted using R studio 2024.09.0.

3.3. Results

Patient variables and revisions per component are shown in Table 9. THA surgeries for OA from 1 January 2003
and 30 June 2023 (n = 1630, age: 71.7 + 8.5y, BMI: 28.1 + 5.2 kg/m?) included ECF in 363 instances (22.3%, age:
71.3 £8.5y, BMI: 28.2 + 4.8 kg/m?) and Rimfit in 1267 instances (77.7%, age: 71.7 + 8.5y, 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 categories (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 funding pathways (p =
0.004) between implants (Table 10) were noted. The Rimfit reported a higher proportion of Maori, ASA 3
rating, and publicly funded surgeries. The vast majority of the 363 ECF cohort (98%) featured a 28 mm head
size, the remainder 32 mm, with the Rimfit cohort featuring 28 mm in 38%, 32 mm in 56% and 36 mm in 6% of
the cohort. Chromium cobalt head type represented 100% of ECF observations and 95% of Rimfit observations,

the remaining being ceramic.

71



Table 9. Patient variables and revisions per component in contemporary and modern cemented primary total hip arthroplasty for osteoarthritis

Both Implants ECF Rimfit
n % Revisions Revision % n % of Total Implants Revisions Revision % n % of Total implants Revisions Revision %
Total 1630 43 2.6% 363 22.3% 14 3.9% 1267 77.7% 29 2.3%
Sex Male 648 39.8% 19 2.9% 158 43.5% 3 0.8% 490 38.7% 16 3.3%
Female 982 60.2% 24 2.4% 205 56.5% 11 3.0% 777 61.3% 13 1.7%
<64 337 20.7% 15 4.5% 81 20.1% 4 4.9% 256 20.2% 11 4.3%
Age (vears) 65-74 670 41.1% 16 2.4% 150 41.3% 5 3.3% 520 41.0% 1 2.1%
275 623 38.2% 12 1.9% 132 36.4% 5 3.8% 491 38.8% 7 1.4%
<25 367 25.4% 7 1.9% 61 23.8% 3 4.9% 306 19.7% 4 1.3%
25-29.9 618 42.7% 15 2.4% 120 46.9% 2 1.7% 498 32.1% 13 2.6%
BMI (kg/m?) 30-34.9 322 22.3% 10 3.1% 53 20.7% 3 5.7% 269 17.3% 7 2.6%
35-39.9 94 6.5% 4 4.3% 13 5.1% 0 0.0% 81 5.2% 4 4.9%
240 45 3.1% 1 2.2% 9 3.5% 0 0.0% 36 2.3% 1 2.8%
Missingt 184 NA 6 3.3% 107 NA 6 5.6% 77 NA 0 0.0%
1 216 14.0% 4 1.9% 59 20.7% 1 1.7% 157 12.4% 3 1.9%
ASA 2 946 61.1% 25 2.6% 175 61.4% 6 3.4% 771 61.0% 19 2.5%
3&4 386 24.9% 10 2.6% 51 17.9% 3 5.9% 335 26.5% 7 2.1%
Missingt 82 NA 4 4.9% 78 NA 4 5.1% 4 NA 0 0.0%
Funding Public 566 40.5% 16 2.8% 118 33.8% 7 5.9% 448 42.7% 9 2.0%
Private 833 59.5% 24 2.9% 231 66.2% 7 3.0% 602 57.3% 17 2.8%
Missingt 231 NA 3 1.3% 14 NA 0 0.0% 217 NA 3 1.4%
NZEU 1455 89.3% 39 2.7% 304 83.7% 12 3.9% 1151 90.8% 27 2.3%
Ethnicity Maori 110 6.7% 3 2.7% 14 3.9% 1 7.1% % 7.6% 2 2.1%
Other 65 4.0% 1 1.5% 45 12.4% 1 2.2% 20 1.6% 0 0.0%

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

+ Missing values have not been included in proportion calculations



Table 10. Tests of factor proportion for a contemporary and modern cemented total hip arthroplasty component for

osteoarthritis

Variable Group ECF Rimfit Model comparison
Actual Expected X2 Actual Expected X2 X2 p-value
Sex Male 158 144 13 490 504 0.37 2.57 0.095
Female 205 217 0.86 777 763 0.25
<64 81 75 0.47 256 262 0.14 1.03 0.596
Age (years) 65-74 150 149.00 0 520 521 0
275 132 139 0.33 491 484 0.09
<25 61 65 0.24 306 302 0.05 3.01 0.555
25-29.9 120 109 1.02 498 509 0.22
2
BMI (kg/m?) 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
1 59 40 9.3 157 176 21 18.4 <0.001
ASA 2 175 174 0 771 772 0
384 51 71.00 5.67 335 315.00  1.28
' Public 118 141 3.81 448 425 127 8.16 0.004
Funding
Private 231 208 2.59 602 625 0.86
NZEU 304 324 1.24 1151 1131 0.35 90.2 <0.001
Ethnicity Maori 14 25 45 9% 85.5 1.29
Other 45 15 64.4 20 50.52 18.4

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

Missing values have not been included in overall proportion calculations

3.3.1. Survival

A total number of 1630 implants for the observation period were included in analysis, 495 in situ for 10 years

(ECF: n = 245; Rimfit: n = 250, Table 11) 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
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survival between the implants (ECF: 95.6% [93.4, 97.9]; Rimfit: 97% [95.9, 98.2], p = 0.334) (Figure ). No

statistically significant difference in survival between patient predictors was noted (Table 11).
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Figure 8. Kaplan-Meier survival curve for a contemporary and modern cemented implant in
primary total hip arthroplasty for osteoarthritis up to 10 years
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Table 11. Contemporary and modern cemented implant survival in primary total hip arthroplasty for osteoarthritis at 10 years

Both Implants ECF Rimfit
At risk Events Survival % [95%CI] log-rank At risk Events Survival % [95%C] log-rank At risk Events Survival % [95%Cl] log-rank
Factor (n) (n) p-value t (n) (n) p-value t (n) (n) p-value t
Component 495 43 96.5 [95.5, 97.6] - 245 14 95.6 [93.4, 97.9] § - 250 29 97.0[95.9, 98.2] § 0.334§
Sex Male 215 19 96.4 [94.8, 98.1] 0.628 105 3 98.0 [95.7, 100] 0113 110 16 95.8 [93.6, 98.0] 0.089
Female 280 24 96.6 [95.1, 98.0] 140 11 94.0 [90.5, 97.5] 140 13 97.9 [96.8, 99.1]
<65 154 15 94.5[91.7, 97.3] 71 4 94.8 [90.0, 99.9] 83 11 94.7 [91.6, 97.9]
Age (years) 65-74 229 16 97.1(95.7, 98.5] 0.172 120 5 96.3 [93.2, 99.5] 0.854 109 11 97.5 [96.0, 99.0] 0.103
>75 112 12 97.7 [96.3, 99.0] 54 5 95.9 [92.4, 99.2] 58 7 98.3 [96.9, 99.6]
NZEU 417 39 96.5 [95.4, 97.7] 201 12 95.6 [93.2, 98.1] 216 27 96.9 [95.7, 98.1]
Ethnicity Maori 34 3 95.2 [89.3, 100] 0.748 11 1 90.9 [75.4, 100] 0.696 23 2 97.8[94.8, 100] 0.744
Other 44 1 98.3[95.1, 100] 33 1 97.7 [93.4, 100] 11 0 100 [100, 100]
<25 83 7 97.2[95.2, 99.4] 37 3 94.7 [89.1, 100] 46 4 97.7 [95.5, 100]
25-29.9 175 15 97.0 [95.4, 98.6] 79 2 98.2 [95.7, 100] 9 13 96.6 [94.6, 98.6]
BMI (kg/m?) 30-34.9 82 10 95.5[92.6, 98.5] 0.784 35 3 93.3[86.3, 100] 0.487 47 7 96.5[93.9, 99.2] 0.527
35-39.9 30 4 95.7 [91.6, 99.9] 10 0 100 [100,100] 20 4 95.0 [90.3, 99.9]
240 20 1 97.8 [ 93.6, 100] 9 0 100 [100,100] 11 1 97.2 [92.0, 100]
missing 184 6 107 6 77 0
1 85 4 97.3 [94.7, 100] 49 1 98.2 [94.6, 100] 36 3 96.5 [92.2, 100]
ASA 2 267 25 96.8 [95.5, 98.0] 0.705 114 6 96.2 [93.3, 99.3] 0.336 153 19 96.9 [95.5, 98.3] 0.892
384 83 10 95.7 [92.6, 99.0] 22 3 89.8 [79.1, 100] 61 7 97.7 [96.1, 99.4]
missing 82 4 78 4 4
' Public 160 16 96.4 [76.3, 94.9] 0.917 65 7 92.6 [87.4, 98.1] 0128 95 9 97.8 [96.3, 99.3] 0314
Funding Private 292 24 96.4 [98.5, 94.4] 170 7 96.7 [94.4, 99.2] 122 17 96.1[94.2, 98.1]]
missing 231 3 14 0 217 3

Abbreviations: ASA, American Society of Anesthesiologists grading; BMI, body mass index; Cl, confidence interval; ECF, Exeter Contemporary Flanged cup; NZEU, New Zealand European; Rimfit, Exeter X3 Rimfit cup

* p-value set at < 0.05; T log rank p-value for main effect of a given predictor; § log rank p-value for survival rates of ECF and Rimfit
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3.3.2. 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 statistically significant difference in proportion of dislocation
(p = 0.08) or any other revision reason was noted (Table 12). 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 275 years. Compared with the overall cohort,
patients under 65 were overrepresented (20.7% of the total sample), whereas those 275 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.

Table 12. Reasons for revision of a contemporary and modern cemented total hip arthroplasty for osteoarthritis

Both Implant
revisions ECF revisions Rimfit revisions X2
(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

3.3.3. Regression

Multivariate Cox regression for both implants found no statistically significant effect of any predictor on 10-year
survival (Table 13). Certain subgroups (BMI 35-39.9 and 240, NZ Maori) had small sample sizes, which should

be considered when interpreting these findings.
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Table 13. Cox multiple regression for a contemporary and modern cemented primary total hip arthroplasty implant for osteoarthritis

Both Implants ECF Rimfit

Covariate Coeff (OR) HR 95% [CI] £ p-value Coeff (OR) HR 95%Cl p-value Coeff (OR) HR 95%Cl p-value
ASA 2 0.48 1.62 [0.54, 4.87] 0.388 0.83 2.30 [0.25, 20.90] 0.461 0.37 1.45 [0.41, 5.16] 0.562
ASA 3 0.59 1.8 [0.49, 6.64] 0.376 1.30 3.60 [0.31, 44.06] 0.303 0.38 1.46 [0.31,6.72] 0.624
Age 275 -0.83 0.43 [0.17,1.10] 0.079 -0.64 0.53 [0.10, 2.88] 0.460 -0.83 0.44 [0.14,1.31] 0.139
Age 65-74 -0.81 0.44 [0.19, 1.00] 0.505 -0.12 031 [0.05, 1.97] 0.213 -0.69 0.5 [0.20, 1.25] 0.141
BMI240 -0.17 <0.001 [0.00, inf] 0.997 -0.2 <0.001 [0.00, inf] 0.999 -0.17 <0.001 [0.00, inf] 0.997
BMI 25.29.9 0.07 1.07 [0.43, 2.72] 0.877 -1.03 0.36 [0.06, 2.27] 0.276 0.44 1.56 [0.49, 4.93] 0.451
BMI 30-34.9 0.20 1.22 [0.44,3.42] 0.703 0.01 1.01 [0.18, 5.57] 0.987 0.30 1.35 [0.37,5.03] 0.652
BMI 35-39.9 0.38 1.46 [0.39, 5.49] 0.567 -19.7 <0.001 [0.00, inf] 0.999 1.01 2.73 [0.61, 12.31] 0.191
Sex Female -0.22 0.79 [0.39,1.59] 0.527 0.72 2.04 [0.38, 11.00] 0.404 -0.49 0.62 [0.28, 1.36] 0.228
Ethnicity Maori -0.46 0.63 [0.14, 2.80] 0.544 183 <0.001 [0.00, inf] 0.999 -0.29 0.74 [0.16, 3.46] 0.706
Ethnicity Other -17.00 <0.001 [0.00, inf] 0.997 -18.1 <0.001 [0.00, inf] 0.999 -17.34 <0.001 [0.00, inf] 0.998
Funding Public -0.09 0.92 [0.44, 1.93] 0.821 0.39 1.48 [0.32, 6.77] 0.613 -0.27 0.77 [0.32, 1.84] 0.550
Implant ECF -2.14 8.08 [0.36,1.08] 0.602

TLog-rank test of model for both implants p=0.645 t Log-rank test of model for ECF p=0.658 1 Log-rank test of model for Rimfit p=0.584

Abbreviations: ASA, American Society of Anesthesiologists grading; BMI, body mass index; Cl, confidence interval; Coeff, coefficient; ECF, Exeter Contemporary Flanged cup; HR, hazard ratio; OR, odds ratio; Rimfit, Exeter X3 Rimfit cup

* p-value significance set at <0.05; T log-rank reference predictors are ASA1; Age <65; BMI <25; Implant Exeter Contemporary flanged cup; Sex Male; Ethnicity NZ European; and Funding Private; ¥ Represents 95% confidence intervals of the hazard ratio
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3.4. Discussion

3.4.1. Survival

Combined survival rates exceed 95% at 10 years, suggesting 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 (McKie et al., 2024) and internationally (Bissias et al., 2021; Clar et al., 2024; Kunutsor, Barrett, et al., 2019;
Kunutsor, Beswick, et al., 2019; Mékela et al., 2014). For example, the 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) (Clar et al., 2024), substantiating it as a suitable replacement for the ECF. The Rimfit
was introduced almost decade after the ECF, yet 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 generalisability of these findings.

3.4.2. Reasons for revision

Both implants demonstrated no statistically significant difference in survival up to 10 years and low rates of
dislocation, infection, and aseptic loosening. This finding suggests that implant design differences did not
substantially influence 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 fixation 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 (Bayliss et
al., 2017). BMI comparisons were less reliable due to missing data in 13 revision cases, limiting firm

conclusions.

3.4.3. 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 considered did not have a meaningful association with revision in this 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 significance should be interpreted with caution. The 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, or funding source. Future research could explore additional

patient variables not included in this model, such as pre- and post-surgical activity and smoking status.
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3.4.4. Decline in cemented total hip arthroplasty

Despite their proven durability, however, there has been a noticeable decline in the use of fully cemented
THAs, particularly in NZ, Australia, the UK, and the USA (Paxton et al., 2019; Zhang, 2017). One key reason is
the rise of cementless and hybrid implants, perceived to offer easier revisions and better long-term bone
integration (Matthias et al., 2021) particularly in younger patients (Boyle et al., 2022). The move from
cemented to cementless fixation was driven by the promise of biological ingrowth, anticipated simpler revision,
and influence from training and industry (Diaz Dilernia et al., 2025; Karuppal, 2016; Ryan et al., 2022). But
registry evidence shows cementless fixation is not universally superior particularly in elderly women (Humez et
al., 2024), and many systems are rebalancing toward a selective, patient-specific fixation choice (Khanuja et al.,
2022). The extremely low periprosthetic fracture 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 (Gjertsen et al., 2024)
particularly those over the age of 65 (Kelly et al., 2023). 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 combined benefits of stem stability and acetabular
osseointegration (Boyle et al., 2023; Boyle et al., 2022; Erivan et al., 2019; Evans et al., 2023; Fowler et al.,
2019; Karuppal, 2016). Pearce, Butcher, et al. (2025) noted there exists limited definitive evidence of specific

hybrid implant superiority for osteoarthritis.

3.4.5. 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 (Golinelli et al., 2022). Comparative PROM s studies for broad category cemented implants versus
other categories show inconsistent outcomes (Abdulkarim et al., 2013; Jameson, Mason, Baker, Gregg, Deehan,
et al,, 2015; Nilsdotter & Lohmander, 2003; Onsten et al., 1994) with studies investigating heterogenous
populations and a selection of different PROMs tools (Pearce, Butcher, et al., 2025). Pearce, Joshi, et al. (2025b)
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 crucial for a comprehensive evaluation of implant success (Okafor & Chen, 2019).
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%) (McKie et al., 2024) in NZ, a

comparative survival and Cox regression analysis of high-use hybrid implants; with consistent V40 stem use and
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highly cross-linked PE liners; with the cemented Rimfit in this population, over the same observation period is
recommended, 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.

3.5. 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 replacement of the ECF in this region, with 10-year
survival outcomes 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 PROMs comparison of the
Rimfit with a commonly used hybrid implant; with the same V40 stem; analysing the same patient predictors, is

also recommended.

3.6. Limitations

This study is observational thus causal influences cannot be made. While overall survival success is an
important outcome, it is acknowledged that it is not the sole indicator of a successful THA. Also, it is
acknowledged that patient characteristics are not the only predictors of outcomes. Potential 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 warrants cautious interpretation. This
uncertainty may not accurately reflect the true population values. In the comparison of ECF and Rimfit
cemented constructs, head size was not included as a covariate given the near universal use of 28 mm heads in
the former and the distribution of 28 and 32 mm heads in the latter. The effect of head size cannot be entirely
excluded, though it is unlikely to alter the findings of the comparison in survival between ECF and Rimfit.

Following survivorship beyond 10 years may reveal differential rates between implant types.
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Chapter 4. Fifteen-year patient-reported outcomes of a cemented

flanged cup and stem combination in primary total hip arthroplasty:

A New Zealand study

Prelude: The preceding chapter demonstrated no statistically significant differences in survival or reasons for
revision between the two cemented acetabular cups used with the Exeter V40 stem despite a 10-year
difference in observation periods. Before cemented THA could be meaningfully compared with hybrid THA, it
was necessary to determine long-term PROMs for the well-established cemented ECF implant to establish
essential reference points against which the performance of modern designs can be compared. Accordingly,
this study was undertaken to characterise long-term PROM:s for this earlier generation cemented implant
combination within a defined regional population. In addition, examining patient characteristics, as well as
funding resource type, allowed identification of subgroups at risk of poorer PROMs, ensuring that later

implant-level comparisons are interpreted within a broader patient- and system-level context.
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4.1. Introduction

Surgical success for joint replacement procedures has long been evaluated using implant survivorship models
(Dobbs, 1980). With current healthcare shifting focus to patient wellbeing and quality of life (Yamate et al.,
2023), patient-reported outcome measures (PROMs) have become an important metric in quantifying surgical
success. PROMs allow surgeons to quantify patients’ health-related quality of life and make decisions regarding

optimal patient care, shifting the focus from surgeon-centred to patient-centred models of care.

The early generation, cemented, all-polyethylene flanged cup chosen for analysis in this study, the Exeter
Contemporary Flanged cup (Stryker Orthopaedics, Mahwah, NJ), has been in use since 1991 (Stryker, 2023) and
was the cemented cup most used in NZ between 2003 and 2013 (McKie et al., 2024). Schmitz et al. (2013)
reported good results for this cup in THA patients under 50 years with a component survival rate of 90% after
10 years. Furthermore, Maggs et al. (2016) identified an 97.8% survivorship at 12.5 years in patients 46 years
and above. In environments where THAs are completed in high volumes, the polished, stainless steel, tapered,
and collarless cemented stem, the Exeter V40 stem (Stryker Orthopaedics, Mahwah, NJ) included in this study,
has demonstrated excellent functional outcomes based Western Ontario and McMaster Universities Arthritis
Index (WOMAC) (WOMAC, 2021) scores and 97.8% survivorship at 10 years (Mahon et al., 2020). This stem has
a reported 15-year survivorship of 96.6% (CI95% 98.3, 94.8) and rare periprosthetic fracture rates of 0.6%
(C195% 0.3, 0.9) at 15 years (Mancino et al., 2023), although this may be underestimated in studies where
periprosthetic fractures requiring alternative reoperations (such as open reduction and internal fixation, and
where there is no stem exchange) (Baryeh et al., 2023; Chatziagorou et al., 2019; Jain et al., 2024), have not
been reported. In NZ, over 54,000 of these particular stems were used between 1999 and 2022 (McKie et al.,
2024) and currently represents 60% of all stems used in the UK (Mahon et al., 2020). This cemented

combination maintained a top 10 position of all hip combinations implanted in NZ between 2003 and 2013.

Although studies have reported survivorship of this Exeter Contemporary Flanged cup with Exeter V40 stem
(Stryker Orthopaedics, Mahwah, NJ) combination (Maggs et al., 2016), few have examined PROMs. A more
thorough investigation of this cemented cup-and-stem combination specific to osteoarthritis that includes
short, medium, and long-term PROMs evaluated against patient characteristics, comorbidities, and funding

pathways may identify specific predictors affecting PROMs and populations susceptible to poorer outcomes.

Prospectively gathered data from a regional registry were used to examine preoperative, 1-year, 5-year, 10-
year, and 15-year PROMs in primary THA for osteoarthritis with this cup-and-stem cemented combination
against patient characteristics age, sex, and body mass index (BMI); comorbidities based on American Society
of Anesthesiologist (ASA) rating; and funding pathways. Oxford Hip (Murray et al., 2007), WOMAC, and health
related quality of life Veterans Rand 12-item (VR-12) (Igbal et al., 2009) scores were analysed. The VR-12 has

been validated by cross-system comparisons (Kazis et al., 2017).
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This study aimed to report PROMs for this implant combination up to 15 years, establish a benchmark
methodology for future studies of other implant combinations in this region, and determine predictors of these

PROMs to guide THA management in this region of interest.

4.2. Methods

4.2.1. Data source and collection

Tauranga Orthopaedic Research (TOR) is a non-profit organisation in the Bay of Plenty region of NZ that
maintains a mandatory registry of all regional joint arthroplasty surgeries. The TOR registry is independent of
the NZJR and includes procedures from 2 public and 1 private hospital. Data are collected with patient consent
and entered into the Standardized Orthopaedic Cartilage Repair and Treatment Evaluation Software (SOCRATES
version 3.5.8.26 10150). The TOR registry collects Oxford, WOMAC, and VR-12 as their routine standard of care
for THA preoperatively, at 1-year postoperatively, at 5-year postoperatively, and every 5 years thereafter. The
University of Waikato’s Human Research Ethics Committee granted ethical approval to analyse the database for
this study (HREC2023#12). This study was conducted and reported in accordance with the STROBE guidelines
(von Elm et al., 2007).

Anonymised prospective observational data from 1 January 2003 to 30 June 2023 were retrieved in July 2023.
Data were eligible for analysis when patients underwent primary THA for osteoarthritis and received an Exeter
Contemporary Flanged cup with Exeter V40 stem (Stryker Orthopaedics, Mahwah, NJ) combination within the
set observational period. Patient data needed to contain at least 1 of the PROM s at any of the timepoints of
interest to meet inclusion. A pairwise deletion approach was implemented to handle missing PROM scores at
any timepoint (questionnaires not returned, incomplete questionnaires or withdrawal from the study at that

timepoint) so that all available data were used in statistical analysis (Mirzaei et al., 2022) (Figure 9).
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Cemented THA population
n=388
No PROMs recorded
n=125
Al least one PROM recorded
n=263
Pre Op
Oxford =263
WOMAC = 262
VR-12 =263
1-Year
Oxford =238 Deceased = 10
WOMAC =235 Revisions = 3*
VR-12 =240
5-Years
Oxford = 180 Deceased =32
WOMAC =179 Revision =4*
VR-12 =183
10-Years
Oxford =139 Deceased = 103
WOMAC =137 Revisions = 6*
VR-12=138
15-Years
Oxford = 66 Deceased= 179
WOMAC =67 Revisions = 4*
VR-12=66 Total revisions = 17*

Figure 9 Flow chart depicting sample sizes, deaths and revisions of a contemporary cemented primary total hip
arthroplasty for osteoarthritis at each follow-up period

*See Supplementary Table 1 for detailed reasons for revision and revisions type
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4.2.2. Patient-reported outcome measures

Preoperative PROM data was considered as scores recorded at any point preoperatively; 1-year data as scores
recorded from 10-14 months postoperatively; 5-year data as scores recorded from 4-6 years postoperatively;
10-year data as scores recorded from 9-11 years postoperatively; and 15-year data as scores recorded from 14-
16 years postoperatively. Although 15-year data were available for some patients, not all measures of interest
had observations. Consequently, comparison of PROMs up to 10 years postoperatively were included in

subgroup analysis.

4.2.3. Patient characteristics

The predictors extracted from the database included patient age, sex, BMI, ethnicity, ASA rating, and funding
pathway. Age and BMI were treated as continuous variables. Other predictors were treated as categorical or
rank variables, and included sex (female, male), funding pathway (public, private), ethnicity (NZ European,
Maori, Other), and ASA rating (a single ASA 4 observation was recoded as ASA 3 for analysis). “Other” ethnicity

included “undetermined”, “undisclosed”, and any ethnicity not recorded as Maori or NZ European.

4.2.4. Statistical analysis

Data were inspected and normality of distribution verified. Descriptive statistics were computed for all
variables, including counts, means, standard deviations (SD), and ranges (minimum, maximum). Continuous
numeric dependent variables were compared using two-sample t-tests when normally distributed. Normal
sampling mean distribution was assumed in samples 230 according to central limit theorem given parametric
tests produce more accurate and precise estimates with higher statistical powers.(Kwak & Kim, 2017) Where
variances were unequal, Welch two-sample t-tests were performed. Analysis of variance (ANOVA) tests were
performed to compare predictors with more than 2 categories, dependent on ANOVA assumptions being met

(Mishra et al., 2019). Tukey method was used in post-hoc testing.

Multiple linear regression analyses were performed on preoperative and postoperative PROMs to determine if
any of the predictors correlated to any of the PROMs. The Bayesian Information Criterion was used to
determine best model fit.(Schwarz, 1978) Estimates and coefficients of determination (R?) were extracted from
the regressions to quantify the association between predictors and outcomes, as were standard errors to
quantify uncertainty of estimates. Possible predictors of preoperative scores included age, ethnicity, sex,
funding pathway, BMI, and ASA rating. Postoperative predictors included the same factors, but also
preoperative scores as these have been identified as possible predictors of postoperative scores (Golinelli et al.,
2022). Collinearity was investigated with variance inflation factor and condition index. Significance levels were
set to p < 0.05 and confidence intervals to 95% [lower, upper]. All statistical tests were performed using

RStudio® 2023.09.1 build 494 “Desert Sunflower” statistical software(Posit, 2023).
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4.3. Results

A total of 388 THAs met inclusion for the defined period. Observations that did not have at least 1 PROM
recorded were excluded leaving 263 THAs for analysis (Table 14), with follow-up rates of 91%, 68%, 53%, and
26% at 1, 5, 10, and 15 years, respectively. Of the 263 observations with at least 1 PROM recorded, females
accounted for 54.3% (n = 143), ASA 2 rated patients for 62% (n = 164) and NZ Europeans for 92.1% (n = 242).
The mean age of patients at surgery was 71.4 years (range: 46, 92) and mean BMI 28.01 kg/m2 (range: 18.2,
50.4). Five males and seven females received bilateral THAs. The standard 150mm stem length accounted for
92.3% (n = 358) of all stems implanted, with 125 mm accounting for 4.6% (n = 18) and 205 mm at 0.7% (n = 3).
Stem length was not recorded in 2.4% (n = 9) of observations. No statistically significant differences in mean
age, BMI or factor proportions between the total sample of 388 and the evaluated 263 observations were
noted (Supplementary Table 2). Seventeen revisions during the observation period were noted.
(Supplementary Table 1). All observations recorded a bearing size of 28 mm and a femoral head of chromium

cobalt.
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Table 14. Descriptive statistics of preoperative patient characteristics for observations with at least one patient-reported outcome measure in a contemporary cemented

primary total hip arthroplasty for osteoarthritis

Sex Funding Pathway Ethnicity
Sample n= Malen = Female n = 143 Public n= 87 Private n =176 NZEU n =242 Maorin=9 Othern=12
Variable 263 120 (45.6%) (54.4%) (33.1%) (66.9%) (92.1%) (3.4%) (4.5%)
Age T 71.38 £8.67 70.84 £ 8.35 71.83+£8.94 71.75+8.78 71.20 £ 8.64 71.90 £ 8.40 66.00 + 8.47 64.83 +£10.87
BMI 28.01+4.75 28.14 +£3.57 27.90 £5.58 28.68 +4.24 27.75+4.92 27.95+4.84 30.95+2.54 27.62 £3.77
ASA Grade
t
1 49 (19%) 22 (18%) 27 (19%) 13 (15%) 36 (20.5%) 46 (19%) 2(2.2%) 1(8.3%)
2 164 (62%) 72 (60%) 93 (65%) 46 (52.5%) 118 (67%) 151 (62%) 3(3.3%) 10 (83.4%)
3 46 (18%) 26 (22%) 20 (14%) 24 (28%) 22 (12.5%) 41 (17%) 4(4.5%) 1(8.3%)
4 - - - - - - - -
Not 4 (2%) 1(0%) 3(2%) 4 (3.5%) - 4 (2%) - -
recorded )

+ Continuous variable values are given as the mean and the standard deviations.
 Values are given as the number of patients, with percentage (number of patients divided by the total) in parentheses. Due to missing values, some categories do not equal the total number of patients for each column.

Abbreviations: ASA, American Society of Anesthesiologists Physical Status classification; BMI, body mass index; NZEU, New Zealand European.
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4.3.1. Patient-reported outcome measures

Descriptive statistics of PROMs, including the subscales of both WOMAC and VR-12, are reported in Table 15
for preoperative, 1-, 5-, 10-, and 15-year timepoints. One-way ANOVA revealed statistically significant
differences in mean Oxford, WOMAC, and VR-12 scores between at least 2 timepoints. Post-hoc testing
revealed preoperative PROMs were statistically significantly different to their respective 1-, 5-, 10-and 15-year
postoperative PROMs. There were no significant differences in postoperative PROMs between their respective
1-, 5-, 10-, and 15-year timepoints. Mean postoperative VR-12-physical scores for the sample were worse with
scores less than the standardised T-score metric mean of 50 + 10 SD) across timepoints. In contrast, mean

postoperative VR-12-mental scores were better, with scores greater than the standardised score of 50.

All mean preoperative PROMs were statistically significantly poorer in females than males (p < 0.041, Table 16).
Postoperatively, WOMAC-total and function scores for females were also statistically significantly poorer 1-year
and 5-years postoperatively, as were WOMAC-motion and VR-12-physical scores 1-year postoperatively. Males
and females showed no statistically significant difference in postoperative Oxford, WOMAC-pain, or VR-12-
mental scores at 1-, 5-, and 10-years postoperatively. Publicly funded patients had statistically significantly
poorer preoperative PROMs and poorer postoperative PROMs than privately funded patients across most
outcomes. Mean WOMAC-pain at 10 years, VR-12-mental at 1-year, and WOMAC-motion at 1-, 5-, and 10-years
postoperatively were still poorer in publicly funded patients, although not reaching statistical significance (p >

0.053, Table 17).

One-way ANOVA revealed no statistically significant differences in any preoperative PROMs, postoperative
WOMAC-pain, or postoperative VR-12-mental scores at any timepoint between ASA ratings. However,
postoperative Oxford, WOMAC-function, WOMAC-motion, and VR-12-physical scores were typically poorer
with higher ASA ratings at various timepoints. There were no statistically significant differences in any

outcomes between ethnicities.
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Table 15. Descriptive statistics of patient-reported outcomes in a contemporary cemented primary total hip

arthroplasty for osteoarthritis

PROM Sample Mean + SD F.{ange ANOVA diff [95% CI] Post hoc
(n) (min, max)  (p-value) (p-value) 1

Oxford (0-48) +

Preop 263 17.75+8.73 2,47 <0.001*

1-year 238 41.30+7.06 8,48 -23.38 [-25.35, -21.42] <0.001*

5-year 180 41.62+7.48 12,48 -0.49 [-2.66, 1.68] 0.970

10-year 139 41.30+8.46 9,48 -0.13 [-2.64, 2.39] 0.990

15-year 66 39.44 £9.58 13,48 -2.0 5[-5.36, 1.26] 0.440

WOMAC total (0-96) ¥

Preop 262 54.82 +19.27 0, 96 <0.001*

1-year 235 12.36 +12.68 0,67 42.46 [38.41, 46.52] <0.001*

5-year 179 13.18 +14.47 0, 68 0.82 [-3.66, 5.30] 0.987

10-year 137 14.66 + 16.32 0,78 1.47 [-3.65, 6.60] 0.935

15-year 67 18.91+21.01 0, 89 -4.25 [-10.98, 2.48] 0.417

WOMAC pain (0-20)

Preop 262 11.02+4.01 0,20 <0.001*

1-year 235 1.69 £2.49 0,14 9.33[8.49, 10.16] <0.001*

S-year 180 1.87£3.04 0,15 0.17 [-0.76, 1.09] 0.990

10-year 139 2.45+3.58 0,14 0.59 [-0.47, 1.64] 0.550

15-year 67 3.15+4.24 0,18 -0.70[-2.09, 0.69] 0.650

WOMAC function (0-68)

Preop 262 39.05 + 14.35 29, 68 <0.001*

1-year 235 9.30+9.68 0,48 29.74 [26.71, 32.78] <0.001*

S-year 180 10.00 +11.20 0,53 0.70 [-2.64, 4.05] 0.980

10-year 138 10.88 +12.07 0,58 0.87 [-2.95, 4.69] 0.970

15-year 67 13.87 +15.39 0,63 -2.99 [-8.02, 2.04] 0.480

WOMAC motion (0-8) ¥

Preop 262 476 £1.71 0,8 <0.001*

1-year 235 1.36 +£1.43 0,6 3.39[3.01, 3.78] <0.001*

5-year 179 1.25+1.39 0,6 -0.12 [-0.54, 0.31] 0.950

10-year 137 1.35+1.56 0,6 0.11 [-0.38, 0.59] 0.980

15-year 67 1.90+1.96 0,8 -0.55 [-1.19, 0.09] 0.140

VR-12 physical (x = 50) §

Preop 263 26.52 +8.22 8.5, 54.6 <0.001*

1-year 240 43.36 £10.98 8.1,62.6 -16.85 [-19.34, -14.35] <0.001*

5-year 183 43.55+11.76 7.6,60.3 0.18 [-2.56, 2.93] 0.990

10-year 138 43.51 £10.49 9.9, 60.7 0.03 [-3.19, 3.12] 0.990

15-year 66 41.59 +9.46 17.8,56.4 1.92 [-2.26, 6.11] 0.720

VR-12 mental (X = 50) §

Preop 263 43.82+£12.85 15.6, 68.2 <0.001*

1-year 240 51.91+9.41 14.6, 67.4 -8.09 [-10.61, -5.57] <0.001*

S-year 183 51.78 £8.31 15.7,64.7 -0.13 [-2.90, 2.64] 0.990

10-year 138 53.87£9.26 26.4,70.0 2.09 [-1.09, 5.28] 0.376

15-year 66 54.86 +9.31 18.8,71.0 0.98 [-5.21, 3.24] 0.970

* Significance is set at p < 0.05

+ Oxford hip score minimum is 0 and the maximum score is 48 with poorer scores being closer to 0.

F WOMAC minimum scores are 0 with 0 being the better score.

§ VR- 12 ideal score is 250 and acceptable is within 1 standard deviation either side.

11 Post hoc p-value represents the pairwise comparison of the previous timepoint to the current timepoint
Abbreviations: Cl, confidence interval; Diff, difference; Pre Op, preoperative; PROMs, patient-reported outcome measures; SD, standard deviation; WOMAC, Western Ontario and
McMaster Universities Arthritis Index; VR-12, Veterans Rand 12-item heath survey
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Table 16. Male versus female patient-reported outcomes in a contemporary cemented primary total hip

arthroplasty for osteoarthritis

Male Female
PROM n Mean = SD n Mean = SD diff [95% Cl] p-value
Oxford (0-48) +
Preop 120 19.17 £8.70 143 16.55 + 8.62 -2.62 [-4.73, -0.50] 0.015*
1-year 114 41.97 +6.31 134 40.47 £7.56 -1.50 [-3.31, 0.31] 0.104
5-year 83 42.77 £6.63 97 40.63 +8.02 -2.14 [-4.33, 0.05] 0.055
10-year 72 42.26+7.43 71 40.82 +8.72 -1.44 [-4.24, 1.36] 0.311
WOMAC total (0-96) ¥
Preop 120 51.77+£19.20 142 57.40 £ 19.02 5.63[0.96, 10.29] 0.018*
1-year 103 10.51+11.81 132 13.81+13.18 3.30[0.04, 6.57] 0.047*
5-year 82 10.66 + 13.01 97 15.32+15.81 4.66 [0.34, 8.98] 0.034*
10-year 63 13.63 +15.21 74 15.53+17.27 1.72 [-3.65, 7.44] 0.501
WOMAC pain (0-20) ¥
Preop 120 10.38 £3.77 142 11.56 £ 4.13 1.18[0.21, 2.15] 0.017*
1-year 103 1.46+2.29 132 1.88 £2.62 0.42 [-0.23, 1.06] 0.207
5-year 82 1.52+2.69 98 2.15+3.30 0.63 [-0.27, 1.53] 0.168
10-year 63 2.29+3.37 76 2.59+3.75 0.3[-0.90, 1.51] 0.617
WOMAC function (0-68)
Preop 120 36.92 +14.29 142 40.85 +14.21 3.93[0.45, 7.41] 0.027*
1-year 103 7.90 £9.02 132 10.39 £ 10.07 2.49 [-0.00, 4.98] 0.050
5-year 82 7.99 £9.62 98 11.69+12.17 3.70[0.50, 6.91] 0.023*
10-year 63 10.13 £ 11.40 75 11.51+12.64 1.38 [-2.71, 5.47] 0.505
WOMAC motion (0-8) ¥
Preop 120 4.75+1.80 142 499+1.61 0.24 [0.10, 0.93] 0.015*
1-year 103 1.14+1.28 132 1.54+1.51 0.40[0.03, 0.77] 0.032*
5-year 82 1.15+1.37 97 1.33+1.40 0.18 [-0.23, 0.60] 0.380
10-year 63 1.22+1.46 74 1.46£1.63 0.24 [-0.29, 0.77] 0.376
VR-12 physical (X = 50) §
Preop 120 28.13+8.56 143 25.16+7.70 -2.97 [-4.94, -0.99] 0.003*
1-year 104 45,98 +9.75 136 41.36 +11.47 -4.62 [-7.39, -1.87] 0.001*
5-year 82 4497 +11.61 101 42.39+11.83 -2.58 [-6.02, 0.86] 0.141
10-year 62 43.64 £9.93 76 43.41 £ 10.99 -0.23[-3.79, 3.34] 0.901
VR-12 mental (X = 50) §
Preop 120 45.59 + 12.68 143 42.34£12.86 -3.25[-6.36, -0.13] 0.041*
1-year 104 52.85+7.52 136 51.20+10.61 -1.65 [-3.96, 0.66] 0.160
5-year 88 53.02+7.67 101 50.78 £ 8.70 -2.24 [-4.66, 0.19] 0.070
10-year 61 52.67 +8.94 76 54.85 +9.46 2.18 [-0.95, 5.30] 0.170

Significance is set at p < 0.05.

+ Oxford hip score minimum is 0 and the maximum score is 48 with poorer scores being closer to 0.
F WOMAC minimum scores are 0 with 0 being the better score.

§ VR- 12 ideal score is 250 and acceptable is within 1 standard deviation either side.

Abbreviations: Cl, confidence interval; Diff, difference; Pre Op, preoperative; PROMs, patient-reported outcome measures; SD, standard deviation; WOMAC, Western

Ontario and McMaster Universities Arthritis Index; VR-12, Veterans Rand 12-item health survey
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Table 17. Public versus private patient-reported outcomes in a contemporary cemented primary total hip

arthroplasty for osteoarthritis

PROM Public Private

n Mean + SD n Mean + SD diff [95% Cl] p-value
Oxford (0-48)
Preop 87 10.89 + 5.66 176 21.14+7.97 10.25 [8.57, 11.93] <0.001*
1-year 73 38.60 + 8.46 165 42.44 +6.05 3.84[1.47,5.81] 0.001*
5-year 58 39.43+9.11 122 42.66 +6.32 3.23[0.586, 5.86] 0.017*
10-year 32 37.53+9.56 101 42.74+7.25 5.21[1.502, 8.920] 0.006*
WOMAC total (0-96)
Preop 86 69.72 + 14.06 176 47.55+17.19 -22.17 [-26.38,-17.97] <0.001*
1-year 70 16.69 + 14.91 165 10.53 +11.14 -6.16 [-10.093, -2.224] 0.002*
5-year 56 18.11+17.09 123 10.94 + 13.01 -7.17 [-12.27, -2.06] 0.006*
10-year 32 21.56 £17.20 105 12.55 + 15.53 -9.01 [-15.37, -2.65] 0.005*
WOMAC pain (0-20) ¥
Preop 86 13.81+3.13 176 9.66 * 3.68 -4.15 [-5.06, -3.25] <0.001*
1-year 70 2.54 £3.02 165 1.34+£2.13 -1.20 [-1.99, -0.42] 0.003*
5-year 57 2.63£3.75 123 1.51+2.59 -1.12 [-2.21, -0.03] 0.045*
10-year 32 341+3.61 107 2.17 £3.53) -1.24 [-2.65, 0.18] 0.086
WOMAC function (0-68)
Preop 86 50.07 £ 10.43 176 33.66+12.86 -16.41[-19.34, -13.48] <0.001*
1-year 70 12.59 +11.15 165 7.91+8.65 -4.68 [-7.64, -1.72] 0.002*
5-year 57 13.61 +13.12 123 8.33+9.81 -5.28 [-9.16, -1.40] 0.008*
10-year 32 16.47 £12.76 107 9.19+11.38 -7.28 [-11.95, -2.61] 0.003*
WOMAC motion (0-8) ¥
Preop 86 5.84+1.54 176 4.23+1.54 -1.61[-2.01, -1.21] <0.001*
1-year 70 1.56 +1.52 165 1.28£1.38 -0.28 [-0.68, 0.12] 0.173
5-year 56 1.57 +1.59 123 1.10+1.26 -0.47 [-0.95, 0.01] 0.053
10-year 32 1.69 +1.67 105 1.25+1.51 -0.44 [-1.06, 0.18] 0.162
VR-12 physical (x = 50) §
Preop 87 23.04 +5.74) 176 28.23+8.72 5.19 [3.42,6.97] <0.001*
1-year 74 39.92 +11.06 166 44.90 + 10.62) 4.98[2.01,7.93] 0.001*
5-year 59 38.97 +13.18 124 45.72 +10.40 6.75 [2.88, 10.63] 0.001*
10-year 32 37.19+10.82 106 45.43 +9.65 8.24 [4.28,12.20] <0.001*
VR-12 mental (X = 50) §
Preop 87 34.64 +11.53 176 48.36 +10.92 13.72[10.85, 16.59] <0.001*
1-year 74 50.27 £ 10.76 166 52.64 + 8.68 2.37 [-0.44, 5.18] 0.098
5-year 59 49.29 +10.26 124 52.97 £6.93 3.68 [0.74, 6.60] 0.015*
10=year 32 48.94 + 8.85 106 55.36 + 8.90 6.42[2.88,9.97] <0.001*

Significance is set at p < 0.05.

+ Oxford hip score minimum is 0 and the maximum score is 48 with poorer scores being closer to 0.

¥ WOMAC minimum scores are 0 with 0 being the better score.
§ VR- 12 ideal score is 250 and acceptable is within 1 standard deviation either side.

Abbreviations: Cl, confidence interval; Diff, difference; Pre Op, preoperative; PROMs, patient-reported outcome measures; SD, standard deviation; WOMAC, Western Ontario and

McMaster Universities Arthritis Index; VR-12, Veterans Rand 12-item health survey

4.3.2. Linear regression: Preoperative patient-reported outcome measures

No statistically significant collinearity between predictors was identified. Regression analysis indicated

preoperative Oxford and WOMAC scores were negatively influenced when funding pathway was public,

patients were females, and BMI was greater (Table 18). Preoperative scores for VR-12 were also negatively

influenced when funding pathway was public, and patients were females.
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Table 18. Multiple linear regression results for preoperative patient-reported outcomes in a contemporary
cemented primary total hip arthroplasty for osteoarthritis

PROMs n Model p-value R? Estimate STD Error p-value
Oxford preop 263 <0.001* 0.33
(intercept) 26.91 2.94 <0.001*
BMI -0.25 0.10 0.015*
Sex (Male) 3.20 0.98 0.001*
Funding (Public) -10.46 1.10 <0.001*
WOMAC total preop 262 <0.001* 0.34
(intercept) 22.55 7.80 0.004*
BMI 0.95 0.28 <0.001*
Sex (Male) -7.80 2.45 0.002*
Funding (Public) 22.85 2.81 <0.001*
WOMAC pain preop 262 <0.001* 0.29
(intercept) 5.14 1.67 0.002*
BMI 0.17 0.06 0.005*
Sex (Male) -1.46 0.52 0.006*
Funding (Public) 4.37 0.60 <0.001*
WOMAC function preop 262 <0.001* 0.33
(intercept) 14.59 5.84 0.014*
BMI 0.73 0.21 <0.001*
Sex (Male) -5.67 1.83 0.002*
Funding (Public) 16.76 2.11 <0.001*
WOMAC motion preop 262 <0.001* 0.24
(intercept) 2.92 0.77 <0.001*
BMI 0.05 0.03 0.053
Sex (Male) -0.71 0.24 0.004*
Funding (Public) 1.79 0.28 <0.001*
VR12 physical preop 263 <0.001* 0.12
(intercept) 27.30 0.88 <0.001*
Funding (Public) -5.82 1.33 <0.001*
Sex (Male) 2.92 1.19 0.015*
VR12 mental preop 263 <0.001* 0.30
(intercept) 47.18 1.18 <0.001*
Sex (Male) 5.50 1.60 <0.001*
Funding (Public) -14.48 1.79 <0.001*

Significance set at p < 0.05

Abbreviations: ASA, American Society of Anesthesiologists physical status classification; DF, degrees of freedom; F-Stat, f-statistic;

Preop, preoperative; PROMs, patient-reported outcome measures; STD, standard; WOMAC, Western Ontario and McMaster Universities Arthritis
Index; VR- 12, Veterans Rand 12-item health survey.

4.3.3. Linear regression: Postoperative patient-reported outcome measures

As ANOVA testing of PROMs revealed no statistically significant difference in scores from 1-year to 15-year
postoperatively, 1-year scores were used as the main outcome in regression analysis given the greater number
of observations. As sex, funding pathway, and BMI were significant predictors of preoperative scores, they were
removed as postoperative predictors. Therefore, regression models considered preoperative score, age,
ethnicity, and ASA rating. Preoperative score was a statistically significant predictor of postoperative score for
all PROMs (Table 19). Increased age and ASA 3 category were additional statistically significant predictors of

poorer postoperative WOMAC-function and VR-12-physical scores.
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Table 19. Multiple linear regression results for postoperative patient-reported outcomes in a contemporary
cemented primary total hip arthroplasty for osteoarthritis

PROM n Model p-value R? Estimate  STD Error p-value
Oxford postop 238 <0.001* 0.07
(intercept) 36.81 1.12 <0.001*
Oxford preop 0.22 0.05 <0.001*
WOMAC total postop 235 <0.001* 0.15
(intercept) 3.29 2.74 0.232
WOMAC total preop -0.70 2.08 <0.001*
ASA 2 -1.11 2.04 0.586
ASA 3 7.66 2.85 0.008*
WOMAC pain postop 235 <0.001* 0.07
(intercept) 0.12 0.46 0.796
WOMAC pain preop 0.15 0.04 <0.001*
WOMAC function postop 235 <0.001* 0.20
(intercept) -10.77 5.97 0.073
WOMAC function preop 0.18 0.04 <0.001*
Age 0.19 0.08 0.024*
ASA 2 -1.40 1.59 0.380
ASA 3 5.67 2.23 0.012*
WOMAC motion postop 235 0.005* 0.04
(intercept) 0.65 0.29 0.024*
WOMAC motion preop 0.17 0.06 0.005*
VR12 physical postop 240 <0.001* 0.28
(intercept) 58.54 6.66 <0.001*
VR12 physical preop 0.53 0.08 <0.001*
Age -0.40 0.09 <0.001*
ASA 2 -0.66 1.82 0.717
ASA 3 -5.56 2.52 0.029*
VR12 mental postop 240 <0.001* 0.11
(intercept) 40.77 2.48 <0.001*
VR12 mental preop 0.25 0.05 <0.001*

Postop scores are represented by the 1-year PROMs data as ANOVA testing indicated no significant difference between 1-, 5-, 10- and 15-year
scores

Significance set at p < 0.05

Abbreviations: ASA, American Society of Anesthesiologists physical status classification; Postop, postoperative; Preop, preoperative; PROM,
patient-reported outcome measures; STD, standard; WOMAC, Western Ontario and McMaster Universities Arthritis Index; VR- 12, Veterans Rand
12-item health survey.

4.4. Discussion

These results indicate that primary THA with the specified cemented cup-and-stem combination for
osteoarthritis improves PROMs in patients at 1-year postoperatively and that improvement is maintained in
those without revision to 15 years post-surgery. Patients who were female, in the public system, and who had
greater BMls presented with poorer preoperative PROMs. Poorer preoperative PROMs negatively influenced
postoperative scores across timepoints. For some outcomes, postoperative PROMs were negatively affected by

higher comorbidity status (based on ASA rating) and increased age.

The substantial improvement in PROMs seen post-surgery up to 15 years with this cemented cup-and-stem
combination sets a benchmark against which PROMs from other cemented or alternative implant combinations
in the same or similar populations can be measured. Mean 1-, 5-, and 10-year Oxford scores were over 41,
corresponding to a Kalairajah category 1 (excellent) rating (Kalairajah et al., 2005). Mean 15-year Oxford scores

were 39.44, corresponding to a category 2 (very good) rating (Kalairajah et al., 2005). Poor 6-month Oxford
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scores have been identified as a risk factor for early revision within 2 years (Rothwell et al., 2010); thus, the
implant combination’s Oxford score suggests low early-revision risk, which needs confirmation via survivorship
analysis. The mean difference in pre- and postoperative Oxford scores (>23) is substantially higher for this
implant than the estimated minimally important change value of 11 (Beard et al., 2015), suggestive of

meaningful improvements for patients.

Preoperative PROMs significantly influenced postoperative PROMs, consistent with previous studies (Appiah et
al., 2023; Orr et al., 2022). Poor preoperative scores across multiple PROMs increase likelihood of patient
dissatisfaction postoperatively.(Orr et al., 2022) The regression models revealed patients who are female, in the
public system, and have higher BMIs were associated with poorer preoperative functional and mental scores,
which may predispose them to postoperative dissatisfaction. Studies show that females are more likely
opposed to surgery due to competing responsibilities, need more information before deciding, and are less
likely to be sent to a specialist; therefore, females drop to a lower preoperative functional level than males
(Juni et al., 2010). These observations align with these findings, wherein females’ preoperative scores were
lower than males. Alongside poorer functional and mental preoperative scores, females also tend to have
higher rates of depression, lower back pain, and comorbidities than males (Clement et al., 2020). In the TOR
registry, there was a greater number of females undergoing surgery than males, consistent with national THA
surgery data from NZ (McKie et al., 2024) and other parts of the world. In the USA, not only are more females
having THA surgeries (Appiah et al., 2023), they are also more likely to be older, have higher BMls, and need
preoperative support than males (Patel et al., 2020). In a Korean study of over 1.15 million females,
reproductive factors (e.g., later onset of menarche, longer time breastfeeding, hormone replacement
treatment, and oral contraceptive use) were associated with higher risk for severe osteoarthritis and need for
THA (Eun et al., 2022). Further investigation into sex differences in THA is required to improve patient care,
particularly of females, and may need to be considered in future risk-stratification models (Patel et al., 2020),
which should include more detailed reproductive history notetaking. Sex disparity in referral for surgery also

warrants consideration.

Consistent with this study’s observations, Greene et al. (2021) identified that patients using public funding
pathways for THA report poorer preoperative and postoperative PROMs than those using private funding.
Poorer public outcomes are often attributed to longer wait times; however, literature indicates the effect of
increased waiting time on THA outcome is unclear or inconsistent (Hirvonen et al., 2009), and that sex, age,
and certain modifiable risk factors (e.g., BMI, income level, and comorbidities) impact postoperative outcomes
to a greater extent (Seddigh et al., 2021). Higher BMI has also been identified as a risk factor for increased
complications and poorer postoperative THA outcomes (Onggo et al., 2020). Taken together, these findings
support existing literature that women, public patients, patients with higher BMI, older patients, and patients
with comorbidities (i.e., higher ASA ratings) are at greater risk of poorer postoperative THA outcomes and
require greater preoperative and postoperative support. Specifically, these patients may benefit from

additional mental and functional prehabilitation and rehabilitation support. It is worth noting, however, that
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the difference between PROM scores of public and private patients (Table 17) were highest pre-operatively
than post-operatively, suggesting greater improvements in baseline scores for public, despite not reaching the
same level of function as private. Furthermore, recording comorbidities in more detail than relying on ASA
ratings within registry data may also help discern more specifically those conditions that may increase risk of

poor THA outcomes.

Although preoperative PROMs, ASA rating, and age were identified as significant predictors of postoperative
PROMs, these factors only explained between 7 and 28% of the variance (Table 5). Hence, other factors not
included in this analysis likely influence the variation in postoperative scores within this population. One such
factor may be smoking status. Yue et al. (2022) identified 4 studies where smoking negatively affected
postoperative THA PROMs between 6 months and 1 year. Smokers are reported to exhibit lower postoperative
Oxford (Matharu et al., 2019) and Harris hip (Khan et al., 2009) scores and an increased use of painkillers and
anti-inflammatories (Matharu et al., 2019) than non-smokers and ex-smokers. In smokers, PROMs were more
likely to stagnate initially, and decline over time (Hesseling et al., 2019). It may be beneficial to record smoking

status in future THA studies and registries.

Few THA patients in the TOR registry were Maori (4%), with a lower representation than the NZJR at 7% (McKie
et al., 2024). Considering Maori make up 29% of the Bay of Plenty region, 17% of the NZ population, and 16%
of Maori are over 55 years, uptake of surgery by Maori is relatively poor (Mdori Population estimates: At 30
June 2022). Bourke et al. (2023) identified competing responsibilities (prioritising work and family), disrupted
mana?2 (feeling disempowered), and systemic abdication (inconsistent information/diagnosis) as contributing
factors to healthcare accessibility for Maori, which may explain their under-representation as THA patients.
Social deprivation and socioeconomic inequities are potential sources of health inequity for Maori (Loring,
2022), which can extend to THA. Low numbers of Maori and “Other” patients made it challenging to discern

differences based on ethnicity, which is further complicated due to the diversity of “Other” ethnicities.

4.5. Conclusion

The cemented combination studied demonstrated excellent PROMs out to 15 years with the association of
poorer preoperative PROMs in THAs that were publicly funded, in females and those with higher BMls, and
association of poorer preoperative PROMs, older age and ASA 3 rating variables to poorer postoperative
PROMs. Patients with poorer preoperative PROMs may require additional preoperative support to improve
their postoperative outcomes, encompassing both functional and mental strategies. These patients, as well as
those who are older and present with higher ASA ratings, may require additional postoperative support. These

associated variables, sex, ethnic disparity and accessibility to surgery need further research in NZ.

2 Mana- Power, authority, or prestige; spec. (in Polynesian and Melanesian religions) an impersonal supernatural power which can be
associated with people or with objects and which can be transmitted or inherited. Press, O. U. (2023). Oxford English Dictionary.
Oxford University Press. https://www.oed.com/dictionary/mana .
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4.6. Limitations

Observational studies are limited in their ability to define causation; however, they can identify associations
between risk factors and a response variable. Additional variables, such as smoking status, physical activity,
analgesic and anti-inflammatory use, rehabilitation programmes, and specific comorbidities were not
documented in the registry and therefore not analysed. Older age was identified as a predictor of poorer
health scores. However, health scores also tend to deteriorate over time as age increases regardless of surgery,
and this was noted most likely due to small sample sizes at 15 years. Two thirds (66%) of all surgeries within the
TOR registry were privately funded, which is higher than the 2023 NZ rate of 49% (McKie et al., 2024). Hence,
generalisation of these findings is not ensured to regions where the proportion of publicly funded surgeries is
greater. Further, PROMs recorded by patients are subjective, susceptible to bias, and dependent on accurate

recall.
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Chapter 5. Ten-year patient-reported outcome measure comparison
of two cemented primary total hip arthroplasty implant

combinations for osteoarthritis: A regional New Zealand study.

Prelude: The preceding chapter demonstrated that the earlier generation ECF paired with the Exeter V40 stem
was associated with sustained PROMs up to 15 years following primary THA for OA. The analysis also identified
specific patient and resource factors associated with poorer PROMs, including lower preoperative scores
among publicly funded patients, females, and those with higher body mass index, as well as poorer
postoperative outcomes among patients with worse preoperative status, higher ASA class, and older age. These
findings highlighted that PROMs are influenced by patient characteristics and healthcare context which needs
consideration when comparing implant outcomes. Given that the ECF has been superseded in clinical practice
by the Rimfit, and given it produced no different survival, it was necessary to determine whether the modern
cemented acetabular component produced comparable PROMs when used with the same Exeter V40 femoral
stem. Establishing no difference in PROMs between the early generation and modern cemented constructs was
a required step before the Rimfit could be considered a valid reference implant for subsequent PROMs

comparisons with hybrid THA for OA.

Accordingly, this next study compared PROMs between the ECF and Rimfit implants, incorporating patient
characteristics as well as funding resource type, to ensure that observed differences in outcomes were
appropriately contextualised. This sequential approach provided confidence that the cemented construct used
in later hybrid—cemented comparisons was associated with both stable implant survival and durable patient-

reported outcomes across patient subgroups.
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5.1. Introduction

Total hip arthroplasty (THA) is widely performed, highly successful, and significantly improves quality of life in
patients with advanced hip osteoarthritis (Evans et al., 2019). While literature has traditionally focused on
implant survival and radiographic outcomes (Pearce, Butcher, et al., 2025), there is a growing emphasis on
patient-reported outcome measures (PROMs) as critical success indicators of hip arthroplasty (Quiceno et al.,
2024; Yamate et al., 2023). When new or upgraded implants are introduced, they are often assumed to
perform at least as well as their predecessors, and studies 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 NZ until the introduction
of the Exeter® X3 Rimfit cup (Rimfit) in 2010, which was intended to improve wear (Langlois & Hamadouche,
2023) with the introduction of highly-cross-linked polyethylene. A single centre study (n = 108) reported
excellent (>41) (Kalairajah et al., 2005) 10-year ECF Oxford hip scores, with a median OHS of 43 out of
48(Maggs et al., 2016); and a 15-year NZ regional joint registry study on the ECF (n = 263) reported a good (34-
41) (Kalairajah et al., 2005) mean OHS score of 39.5 + 9.58 (Pearce, Joshi, et al., 2025b) The Rimfit has also
performed well in studies, exhibiting a good mean OHS (mean + SD). (Kalairajah et al., 2005) of 38.5+ 7.9
(mean £ SD). (n=178) at 6 months and an excellent (Kalairajah et al., 2005) score of 42.4 + 6.2 (mean % SD) (n

=44) at 5 years in a NZIR study in elderly patients (Boyle et al., 2023).

The previous study (Chapter 4) identified no evidence of significant differences in survival, or reasons for
revision between these two cemented implants (Pearce, Joshi, et al., 2025a), and while both implants provide
good-to-excellent OHS outcomes at 6 months and 5 years (n = 261) (vanWinterswijk et al., 2017) no long-term
PROMs comparison has been identified. No difference in short- and medium-term PROMs was noted, and no
predictors of outcomes were investigated (vanWinterswijk et al., 2017). To address this long-term PROMs gap,
PROM s up to 10 years between the implants were compared using a relatively large NZJR dataset (n = 1339)

and investigated the influence of six patient characteristics on PROM outcomes.

5.2. Methods

5.2.1. Data source and collection

Ethical approval for this study was obtained from The University of Waikato Human Research Ethics Committee
(HREC2023#12). Observational, 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 NZJR. With consent, patient data are entered into SOCRATES software
(version 3.5.8.26 10150). The OHS, Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC),
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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 ethical approval for this study. All analyses were conducted in
RStudio (Vienna, Austria) (Posit, 2023), with methodological oversight from a specialist in public health and
biostatistics. Observations were eligible for analysis when at least one PROM was recorded for patients who
underwent a primary THA for osteoarthritis with a cemented Exeter® V40 stem and either a highly cross-linked
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; however, given the stability of PROMs beyond 12 months following 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 (von EIm et
al., 2007).

5.2.2. 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 interpretation of differences between implant cohorts and patient subgroups (sex, age, body mass index
[BMI], American Society of Anesthesiologists [ASA] physical status classification, funding, and ethnicity),
minimal clinically important difference (MCID) thresholds derived from distribution-based estimates were
applied (Molino et al., 2022) 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 characteristics, health system structure, and baseline PROM distributions,
externally derived MCIDs may not be directly applicable to the NZ arthroplasty population. In addition, anchor-
based methods often rely on patient satisfaction measures not available in registry data. Therefore, a
distribution-based approach was used (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 (Deckey et al., 2023), it can offer contextual insight into whether observed, between-group
differences are likely to be clinically meaningful (Beard et al., 2015). A clinically meaningful difference in score
was deemed one that exceeded the established MCID thresholds. For patients undergoing bilateral THA during
the study period, PROMs were collected and recorded separately for each hip and corresponded to the specific

surgical episode.

5.2.3. Patient characteristics

Patient characteristics included sex (male, female), ethnicity (NZ European, Maori, 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, heterogeneous 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
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associated with socioeconomic factors, it does not capture the multidimensional nature of socioeconomic

status and was not interpreted as a direct surrogate for socioeconomic status.

5.2.4. 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
observations were used for each analysis without requiring complete data across all variables. Missing data
may be due to incomplete questionnaires, non-returned questionnaires, or study withdrawal. Because implant
use was strongly structured by calendar time, with the early generation implant predominantly used between
2003-2013 and the modern implant between 2010-2023, the two cohorts were not exchangeable in time. As a
result, implant group was highly correlated with era-related factors including patient selection, 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 exposure
across eras. Instead, analyses were conducted within each implant era to evaluate outcome trajectories and
prognostic factors in the clinical context in which each implant was used. Categorical variable proportions
between implants were compared 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, comparisons 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” (Kalairajah et al., 2005) were extracted to investigate distinct

patient characteristics.

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

testing.

5.3. Results

A total of 1630 (Rimfit n = 1,267; ECF n = 363) primary THAs met the inclusion criteria. Of these, 1365 patients
(84%) (Rimfit n = 1,102; ECF n = 263) had at least one completed PROM and were included in the analyses
(Table 20). Due to variable 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 evaluated visually
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using Q-Q plots of residuals. Initial models using untransformed outcome data in the Rimfit cohort’s
postoperative OHS and WOMAC PROMs showed deviations from normality in the residuals. However, the
analysis was not intended for prediction, but rather to examine associations between patient variables and
PROMs. Results are considered robust despite this noted departure from normality. 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) (Table 20). All 263 ECF hips
(100%) featured a 28 mm head size, with the Rimfit being 28 mm in 38%, 32 mm in 56% and 36 mm in 6% of
the cohort. Chromium cobalt head type represented 100% of ECF observations and 95% of Rimfit observations,

the remaining being ceramic.

Table 20. Patient characteristic comparison between contemporary and modern cemented implant in primary
total hip arthroplasty for osteoarthritis

Both implants 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 (%) t
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&4 324 (24.12%) 278 (25.65%) 46 (17.49%) 0.007*
Missing 22 18 4 -
Funding, n (%) t
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
Maori 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 -

Abbreviations: ASA, American Society of Anesthesiologists physical status classification; BMI, Body mass index; ECF, Exeter Contemporary
Flanged cup; NZEU, New Zealand European; Rimfit, Exeter X3 Rimfit cup; SD, standard deviation

$ Values represent the number and percentage of males and females, ASA 1, 2, 3 & 4, public and private funding, and NZ European, Maori
and other ethnicity within each cohort.

* Significance set at p<0.05

Missing values have not been included in proportion calculations

5.3.1. Patient-reported outcome measures

PROM comparisons between implants can be found in Table 21. No significant difference in mean preoperative,
1-year, 5-year, or 10-year OHS, WOMAC, or VR-12 physical 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),
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and at 5-year (2.1 points, p = 0.004) in the Rimfit. Both implants achieved significant improvements from
baseline PROMs (p < 0.001). ANOVA demonstrated no statistically significant differences in mean PROMs
within implant cohorts at 1, 5, or 10 years, supporting the absence of divergence in longer-term outcomes.
Given the limited sample size at 10 years and lack of significant difference between 1, 5 and10-year PROMs, 1-

year PROMs were used as the postoperative score for further comparisons due to its substantial sample size.

5.3.2. Poor postoperative patient-reported outcome measures

There were 67 patients with poor postoperative OHS (<27) (Kalairajah et al., 2005)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/m?;
Rimfit 29.3+ 4.7 kg/m?, p = 0.106), ethnic groups (p = 0.580), ASA ratings (p = 0.217), or funding (p = 0.684)
between the cohorts. The small number of observations in the ECF cohort made it challenging to analyse in

further detail (Supplementary Table 3).
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Table 21. Comparison of preoperative and postoperative patient-outcome measures between contemporary and modern cemented implant in primary total hip arthroplasty
for osteoarthritis

Rimfit ECF

PROM n Mean SD Diff [95% CI] T MCID % n Mean ) Diff [95% CI] T MCID % p-value q
Oxford (0-48)
Preop 837 18.23 +8.96 4.48 263 1775 4873 4.37 0.446
Postop 1-year 842 41.29 +7.42 23.06 [22.25, 23.82] 238 4130 +7.06  22.43[21.06,23.81] 0.985
Postop 5-year 490 42.88 +6.85 180  41.62  £8.46 0.074
Postop 10-year 124 4164 18.67 139 41.30 19.58 0.763
WOMAC total (0-96)
Preop 827 54.23 +18.51 9.26 262  54.82 +19.27 9.64 0.663
Postop 1-year 810 14.12 +14.09 40.15 [38.60, 41.71] 235 1236  *12.68 40.40[37.65, 43.15] 0.069
Postop 5-year 483 1241 +14.29 179 13.18 +14.47 0.540
Postop 10-year 124 15.38 +17.23 137  14.66 +16.32 0.730
VR-12 physical (x = 50)
Preop 836 27.61 $8.21 4.11 263 26,52  48.22 4.11 0.058
Postop 1-year 840 44.01  +10.57  17.05[16.12,17.97] 240 4336 +10.98 16.37[14.88, 17.87] 0.405
Postop 5-year 487 44.43 +10.37 183  43.55 +11.76 0.280
Postop 10-year 125 4223 +11.34 138 43.51 +10.49 0.344
VR-12 mental (x = 50)
Preop 836 46.36 +12.76 6.38 263  43.82 +12.85 6.43 0.005*
Postop 1-year 840 53.31 $9.40 6.49 [5.49, 7.48] 240 5191 4941 7.23[5.41,9.04] 0.042*
Postop 5-year 487 53.97 +10.00 183 51.78 +8.31 0.004*
Postop 10-year 125 55.16 +8.86 138 53.87  £9.26 0.250

Abbreviations: Cl, confidence interval; ECF, Exeter Contemporary Flanged cup; MCID, Minimal clinically important difference (distribution-based); Preop, preoperative; Rimfit, Exeter X3 Rimfit cup; SD, standard deviation; VR-12, Veterans Rand
12-item health survey; WOMAC, Western Ontario and McMaster Universities Index.

* Difference calculated between the mean preoperative score and the mean 1-year postoperative score

¥ MCID calculated using the distribution method of 0.5 x SD of the preoperative score

1 p-value represents the comparison of the Rimfit score to the ECF score for that period.

* Significance level set at p < 0.05

103



5.3.3. Linear regression: Preoperative patient-reported outcomes

Detailed preoperative regression results are provided in Table 22 and Table 23. 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 differences
exceeded the predetermined 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 ratings (i.e., higher comorbidity burden) associated with ~2-8 worse WOMAC
and ~3-6 worse VR-12 physical and mental scores, and Maori ethnicity associated with ~6 points lower

preoperative VR-12 mental scores compared with NZ Europeans.

5.3.4. Linear regression: Postoperative patient-reported outcomes

Linear regression for postoperative PROMS (Table 24 and Table 25) 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
predictive contribution to postoperative scores across PROMs in both cohorts, with each 1-point worse
preoperative score 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 physical scores (* -0.1 to -0.3 per year). In the Rimfit cohort, ethnicity
was also a clinically meaningful predictor, with Maori 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 postoperative outcomes. In the ECF cohort, age at surgery predicted worse postoperative VR-12
physical scores (= -0.40 per year). ASA 3 was also associated with worse postoperative WOMAC (7.7 points) and
VR-12 physical (5.6 points) scores compared to ASA 1. The R? values (0.08-0.34) from the regression analyses

indicate that the included predictors explain only a modest proportion of outcome variance.
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Table 22. Exeter X3 Rimfit multiple linear regression results for preoperative patient-reported outcomes in primary total hip arthroplasty for osteoarthritis

Exeter X3 Rimfit

Predictor Sa;:;) le 2 s tal‘tii_s tic DF Est;r[:)ate :r Cgr t-value p-value Interpretation
Oxford preop (0-48) 767 0.31 67.07 5,762 <0.001*
(intercept) 30.91 1.61 19.23 <0.001* Baseline: Female, private funding, ASA |
BMI -0.27 0.06 -4.73 <0.001* N BMI > |, Oxford score
Sex (Male) 1.98 0.57 3.53 <0.001* Males score ~ 2 points better than females
Funding (Public) -8.25 0.58 -14.28 <0.001* Public patients score ~ 8 pts worse than private
ASA (2) -2.10 0.80 -2.64 0.009* ASA 2 score ~ 2 points worse than ASA 1
ASA (3) -3.50 0.94 -3.70 <0.001* ASA 3 score ~ 3.5 points worse than ASA 1
WOMAC total preop (0-96) 758 0.29 60.45 5,753 <0.001*
(intercept) 28.71 3.38 8.47 <0.001* Baseline: Female, private funding, ASA (1)
BMI 0.52 0.12 4.36 <0.001* N BMI - 1 (worse) WOMAC
Sex (Male) -3.98 1.18 -3.37 <0.001* Females score ~ 4 points worse than males
Funding (Public) 16.25 1.22 13.35 <0.001* Public patients score ~ 16 points worse than private
ASA (2) 5.10 1.66 3.06 0.002* ~ 5 points worse than ASA (1)
ASA (3) 7.85 1.99 3.96 <0.001* ~ 8 points worse than ASA (1)
VR-12 physical preop (x =50) 763 0.20 38.37 5,764 <0.001*
(intercept) 38.08 1.60 23.74 <0.001* Baseline: Female, private funding, ASA (1)
BMI -0.20 0.06 -3.64 <0.001* 1 BMI = { physical HRQOL
Sex (Male) 2.05 0.56 3.64 <0.001* Males score 2 points better physical HRQOL than female
Funding (Public) -5.56 0.58 -9.64 <0.001* Public funding ~5.5 points worse physical HRQOL to private
ASA (2) -3.56 0.79 -4.50 <0.001* ~3.5 points worse physical HRQOL than ASA (1)
ASA (3) -4.21 0.94 -4.47 <0.001* ~4 points worse physical HRQOL than ASA (1)
VR-12 mental preop (x = 50) 824 0.15 29.16 5,819 <0.001*
(intercept) 52.28 1.11 47.00 <0.001* Baseline: Female, private funding, non-Maori, ASA (1)
Sex (Male) 2.79 0.86 3.25 0.001* Males score ~ 3 points better mental HRQOL than females
Funding (Public) -6.80 0.88 -7.76 <0.001* Public funding ~7 points poorer mental HRQOL to private
ASA (2) -3.30 1.22 -2.70 0.007* ~ 3 points worse mental HRQOL than ASA (1)
ASA (3) -6.48 1.42 -4.56 <0.001* ~ 6.5 points worse mental HRQOL than ASA (1)
Ethnicity (Maori) -6.25 1.82 -3.44 <0.001* Maori score ~ 6 points worse mental HRQOL

Abbreviations: ASA, American Society of Anesthesiologists physical status classification; BMI, body mass index; DF, degrees of freedom; F-Stat, F-statistic; HRQOL, health related quality of life; Preop, preoperative; STD, standard; WOMAC, Western Ontario and
McMaster Universities; Arthritis Index; VR-12, Veterans Rand 12-item health survey.
* Significance set at p < 0.05
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Table 23. Exeter Contemporary Flanged multiple linear regression results for preoperative patient-reported outcomes in primary total hip arthroplasty for osteoarthritis

Exeter Contemporary Flanged cup

Predictor Sa[?])p le 2 StaZ;ﬁc DF Est;r;)ate :r tgr t-value p-value Interpretation
Oxford preop (0-48) 263 0.33 36.91 3,222 <0.001*
(intercept) 26.91 2.94 9.16 <0.001* Baseline: Female, private funding
BMI -0.25 0.10 -2.44 0.015* N BMI > |, Oxford score
Sex (Men) 3.20 0.98 3.28 0.001* Males score ~ 3 points better than females
Funding (Public) -10.46 1.10 -9.56 <0.001* Public patients score ~ 10 pts worse than private
WOMAC total preop (0-96) 262 0.34 30.68 3,172 <0.001*
(intercept) 22.55 7.80 2.89 0.004* Baseline: Female, private funding
BMI 0.95 0.28 3.42 <0.001* N BMI = 1 (worse) WOMAC
Sex (Men) -7.80 2.45 -3.19 0.002* Females score ~ 8 points worse than males
Funding (Public) 22.85 2.81 8.12 <0.001* Public patients score ~ 23 points worse than private
VR12 physical preop (x = 50) 263 0.12 12.28 2,177 <0.001*
(intercept) 27.30 0.88 31.20 <0.001* Baseline: Female, private funding
Funding (Public) -5.82 1.33 -4.39 <0.001* Public funding ~6 points worse physical HRQOL to private
Sex (Men) 2.92 1.19 2.46 0.015* Males score ~6 points better physical HRQOL than female
VR12 mental preop (x = 50) 263 0.30 37.69 2,177 <0.001*
(intercept) 47.18 1.18 40.02 <0.001* Baseline: Female, private funding
Sex (Men) 5.50 1.60 3.44 <0.001* Males score 5.5 points better mental HRQOL
Funding (Public) -14.48 1.79 -8.09 <0.001* Public funding linked to ~14 points poorer mental HRQOL

Abbreviations: ASA, American Society of Anesthesiologists physical status classification; BMI, body mass index; DF, degrees of freedom; F-Stat, F-statistic; HRQOL, health related quality of life; Preop, preoperative; STD, standard; WOMAC, Western Ontario and

McMaster Universities; Arthritis Index; VR-12, Veterans Rand 12-item health survey.

* Significance set at p < 0.05
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Table 24. Exeter X3 Rimfit multiple linear regression results for postoperative patient reported outcomes in primary total hip arthroplasty for osteoarthritis

Exeter X3 Rimfit cup

Predictor Sa;:;ale 2 stat':st'ic DF Est'l(rgl)ate ::r-gr vafl_Je p-value Interpretation
Oxford postop (0-48) 607 0.08 18.55 3,604 <0.001 *
Intercept 44.77 2.671 16.76 <0.001* Baseline: Ethnicity (NZEU)
Oxford preop 0.181 0.034 5.36 <0.001* I preop score - higher postop Oxford - better postop outcome
Age at surgery -0.093 0.035 -2.63 0.009* /N age -> lower postop Oxford - worse postop outcome
Ethnicity (Maori) -4.925 1.441 -3.42 <0.001* NZ Maori score ~5 points lower-> worse postop outcome
WOMAC postop (0-96) 585 0.08 18 3,582 <0.001 *
Intercept -13.14 5.032 -2.61 0.009* Baseline: Ethnicity (NZEU)
WOMAC preop 0.18 0.03 5.63 <0.001* I Preop WOMAC -> 1 postop WOMAC -> worse postop outcome
Age at surgery 0.24 0.07 3.52 <0.001* Each 1 year 1 is a 0.24 I postop WOMAC -> worse postop outcome
Ethnicity (Maori) 5.83 2.69 2.17 0.031* NZ Maori score ~ 6 points higher - worse postop outcome
VR-12 physical postop (x = 50) 612 0.11 27.14 3,609 <0.001 *
Intercept 58.06 3.85 15.07 <0.001 * Baseline: Ethnicity (NZEU)
VR-12 physical preop 0.23 0.05 4.75 <0.001* ™ Preop VR12 Physical - 1 postop VR12 Physical-> better postop outcome
Age at surgery -0.27 0.05 -5.65 <0.001*  Each 1-year 1 isa 0.27 { in postop - worse postop outcome
Ethnicity (Maori) -7.56 1.88 -4.03 <0.001*  Maori associated with ~8 point lower postop -> worse postop outcome
VR-12 mental postop (X = 50) 563 0.14 45.76 2,561 <0.001 *
Intercept 46.54 2.77 16.83 <0.001 * Baseline
VR12 mental preop 0.26 0.03 8.73 <0.001*  Each 1-point I preop -> 0.26-point I postop -> better postop outcome
BMI -0.19 0.08 -2.48 0.014* {' BMI - 0.19 point 1 postop -> better postop outcome

Abbreviations: ASA, American Society of Anesthesiologists physical status classification; DF, Degrees of freedom; F-Stat, F-statistic; Preop, preoperative; Postop, postoperative; PROMs, Patient reported outcome measures; STD, Standard; WOMAC, Western Ontario and
McMaster Universities Arthritis Index; VR- 12, Veterans Rand 12-item health survey.
* Significance is set at p < 0.05
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Table 25. Exeter Contemporary Flanged multiple linear regression results for postoperative patient reported outcomes in primary total hip arthroplasty for osteoarthritis

Exeter Contemporary Flanged

Sample F STD
Predictor (n) R? statistic DF Estimate Error t-value p-value Interpretation
Oxford postop (0-48) 238 0.07 16.07 1,202 <0.001*
(intercept) 36.81 1.12 32.84 <0.001* Baseline
Oxford preop 0.22 0.05 4.01 <0.001* Each 1-point 1 preop - 0.22-point I postop - better postop outcome
WOMAC postop (0-96) 235 0.15 10.36 3,172 <0.001*
(intercept) 3.29 2.74 1.20 0.232 Baseline: ASA 1
WOMAC preop -0.70 2.08 -0.337 <0.001* Each 1-point 1 preop = 0.22-point I postop - poorer postop outcome
ASA (2) -1.11 2.04 -0.546 0.586 no significant difference compared to ASA 1
ASA (3) 7.66 2.85 2.69 0.008* ASA 3 |, postop scores than ASA 1 by ~7.7 points - poorer postop outcome
VR12 physical postop (x = 50) 240 0.28 17.34 4,175 <0.001*
(intercept) 58.54 6.66 8.78 <0.001* Baseline: ASA 1
VR12 physical preop 0.53 0.08 6.23 <0.001* N preop physical scores I postop = better postop outcome
Age at surgery -0.40 0.09 -4.31 <0.001* Each year P is a 0.4 | in postop > worse postop outcome
ASA (2) -0.66 1.82 -0.36 0.717 no significant difference vs. ASA 1.
ASA (3) -5.56 2.52 -2.21 0.029* ASA 3 |, postop score than ASA1 by ~5.6 points - worse postop outcome
VR12 mental postop (x = 50) 240 0.11 22.29 1,178 <0.001*
(intercept) 40.77 2.48 16.46 <0.001* Baseline
VR12 mental preop 0.25 0.05 4.72 <0.001* higher preop mental health scores predict better postop mental scores.

Abbreviations: ASA, American Society of Anesthesiologists physical status classification; DF, Degrees of freedom; F-Stat, F-statistic; Preop, preoperative; Postop, postoperative; PROMs, Patient reported outcome measures; STD, Standard; WOMAC, Western Ontario and
McMaster Universities Arthritis Index; VR- 12, Veterans Rand 12-item health survey.

* Significance is set at p < 0.05

108



5.4. Discussion

A strength of this study is the consistency in key operative factors minimising variation in surgical technique,
including the same cemented stem, hospitals, and overlapping surgical personnel. The shared geographic

catchment confirms similar underlying demographics, which reinforces cohort comparability.

5.4.1. Preoperative patient-reported outcome measures

This study addresses an important evidence gap by evaluating the Rimfit 10-year suitability as a replacement
for the ECF cemented cup. Distribution-based MCID estimates provide a useful benchmark to interpret the
clinical meaningfulness of observed PROM changes (Deckey et al., 2023; Langenberger et al., 2023). The OHS,
WOMAC, and VR-12 physical scores all demonstrated substantial and statistically significant improvements
from preoperative to postoperative PROMs, far exceeding MCID thresholds of ~4.5, ~9, and ~6 respectively in
both cohorts. Previous research by Yeo et al. (2020) indicated improved physical function after THA, with OHS
and WOMAC improvements being good indicators of THA success (Yeo et al., 2020). The VR-12 mental scores in
this study showed more modest clinical changes but also exceeded the MCID of ~6 and ~7 in the Rimfit and

ECF, respectively.

5.4.2. Postoperative patient-reported outcome measures

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 (Kalairajah et al., 2005). 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 strongly suggest baseline differences in psychological
wellbeing between groups that cannot be attributable to implant characteristics. The persistence of higher
mental health scores at 1 and 5 years postoperatively is therefore most plausibly explained by the strong
influence of preoperative outcomes on postoperative outcomes, rather than an effect of the implant itself
(Aspari & Lakshman, 2018). The absence of differences at 10 years further supports this interpretation,
suggesting that early postoperative disparities reflect baseline psychological profiles and early recovery
trajectories, which converge over time as longer-term mental wellbeing becomes increasingly influenced by
aging and broader psychosocial factors (O'Connor et al., 2022). Registry-based literature cautions that
comorbidity prevalence and patient health status often change over time, demonstrated by an increase in
comorbidity rates and rising prevalence of specific conditions (e.g., diabetes and renal disease) over recent
decades in THA populations (Penfold et al., 2022). The higher proportion of ASA 3 patients within the Rimfit
cohort aligns with documented temporal trends in arthroplasty populations (Reisinger et al., 2025), with the
comorbidity differences between the cohorts likely reflecting evolving patient health profiles (Penfold et al.,

2022; Reisinger et al., 2025). The relatively small sample of poor OHS scores (<27) investigated revealed no
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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.

5.4.3. Linear regression preoperative patient-reported outcome measures

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 longer wait times (Karayiannis et al., 2023),
limited supportive care, higher comorbidities, barriers to health literacy, unemployment (Hoelen et al., 2023),
and systemic inequities that result in patients needing greater disease severity to become eligible for surgery
(Alvarez et al., 2022b). Female 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 comorbidity burden
(zhang et al., 2023), which may partly reflect differences in pain perceptions, bone morphology, and delayed
access to surgery (Juni et al., 2010). Alongside these factors, higher rates of obesity and osteoporosis can
influence surgery (Grant et al., 2024), recovery, and perceived outcomes (Solarino et al., 2022). Females need
to be considered a priority in future risk stratification models(Patel et al., 2020) with female-specific

management potentially beneficial (Solarino et al., 2022).

Body mass index as a predictor of poorer preoperative PROMs in both cohorts, and higher ASA ratings in the
Rimfit cohort, also suggests that comorbidity burden may significantly impact recovery trajectories, aligning
with findings that a higher number of comorbidities introduces a higher risk of postoperative complications.
Several studies (Jamsen et al., 2013; Podmore et al., 2018; Reisinger et al., 2025) highlighted the value of
documenting comorbidities in greater detail. While indices such as ASA correlate with THA outcomes, they
provide limited guidance for individualised treatment. Podmore et al (2018) noted that specific conditions
influence recovery differently, and Jamsen et al (2013) found that implant survival hazard ratios are affected by
cardiac, 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 comorbidity specific THA research to determine which comorbidities may predict the poorest

outcomes.

Preoperatively, Maori presented significant and clinically 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 (Loring, 2022). Results must be interpreted with caution, however,
given the limited number of NZ Maori in the ECF group (n=9), restricting the ability to robustly analyse

preoperative PROMs.

5.4.4. Linear regression postoperative patient-reported outcome measures

In both cohorts, preoperative PROMs consistently demonstrated the largest predictive contribution to
postoperative outcomes, consistent with previous studies (Appiah et al., 2023; Orr et al., 2022; Pearce, Joshi, et
al., 2025b). Outside of preoperative scores, age at surgery influenced both cohorts while NZ Maori ethnicity

predicted poorer physical postoperative outcomes in the Rimfit cohort, and ASA 3 comorbidity status in the ECF
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cohort. The limited number of Maori in this study hinders the robustness of analyses, limits regression
modelling, and precludes assessment of ethnicity as a true, independent predictor, highlighting Maori
underrepresentation in THA surgery. In this study, Maori represented <5% of the cohort, a clear
underrepresentation considering Maori represent 30.6% of the population in the Bay of Plenty region (Stats-
NZ, 2023). Contributing factors for Maori 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 (Gleeson,

2023; Rahiri et al., 2018).

Whether preoperatively or postoperatively, all patient factors investigated influenced patient outcomes to a
certain extent. Although these results provide some insight, the low coefficient of determination of the models
(R?~ 0.34 at best) indicates that other potential influencers may affect scores more readily or assist in
explaining a greater proportion of PROM variance, such as smoking status(Yue et al., 2022), activity levels
(Reine et al., 2022), postoperative rehabilitation, health literacy, education, and care (Nicolau et al., 2022).
Considering the ECF implant is no longer used in NZ, the outcomes of the Rimfit linear regression 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 (Ronda & Wojnarowski, 2013). While radiographic outcomes and implant survivorship are

critical measures of implant performance, PROMs capture the patient experience of that performance.

5.5. Conclusion

From a patient outcome’s 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 preoperatively, sustained at 1-year, and at 5-year suggesting baseline differences in mental
wellbeing. Socioeconomic status, sex, and comorbidity status (i.e., ASA) were identified as significant clinical
predictors of poorer preoperative physical outcomes in both cohorts. For the Rimfit, Maori ethnicity 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. Further study beyond 10-years may be

required to determine possible differences over an extended period.
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5.6. Limitations

Analyses were restricted to patients with at least one completed PROM, which may introduce response bias.
Patients who completed PROMs may differ systematically from those who did not, potentially influencing
outcome estimates. This limitation is inherent to PROMs-based registry analyses and should be considered
when interpreting the results. However, at least 84% (1360 out of 1630) of THA observations completed at

least one PROM reducing response bias.

While the large sample size improves precision and statistical power, it does not eliminate the possibility of bias
or residual confounding. Differences in funding status and temporal changes in referral patterns, surgical
practice, and PROM collection may also influence baseline characteristics and observed outcomes independent
of implant choice. These factors should be considered when interpreting the findings, and causal inferences

should be made with caution.

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 intervals. To minimise potential bias, 1-year follow-up was
selected as the primary analytical endpoint due to the largest 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, suggesting that variation in follow-up timing did not meaningfully influence comparative

conclusions.

In the comparison of ECF and Rimfit constructs, head size was not included as a covariate; given the near
universal use of 28 mm heads in the UHMWPE cohort and the distribution of 28 and 32 mm heads in the
HXLPE cohort (38% and 56% respectively), head size effect is unlikely to influence the outcomes of our PROMs

investigation between ECF and Rimfit.

The difference in sample size between cohorts (ECF n = 263; Rimfit n = 1,102) reflects the real-world transition
in clinical practice from UHMWPE to HXLPE during the study period, with the ECF representing an implant that
was progressively replaced from 2010 onward. This imbalance is acknowledged as a limitation; however, both

cohorts exceeded sample sizes sufficient for linear regression analysis, and group size inequality does not

violate the assumptions of the statistical methods employed.
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Chapter 6. Ten-year survival between a hybrid and cemented
implant in primary total hip arthroplasty for osteoarthritis: A New

Zealand regional study

Prelude: The preceding chapter demonstrated that PROMs for the Rimfit acetabular component paired with
the Exeter V40 stem were comparable to those of the early generation ECF, over a 10-year follow-up. Both
cemented constructs were associated with sustained improvements in pain, function, and health-related
quality of life, with no statistically significant differences in physical function outcomes over 10 years despite a
10-year difference in observation period. Although differences in mental health scores were observed at
selected time points, these did not exceed established MCID thresholds. Importantly, this analysis further
confirmed that PROMs were influenced by patient characteristics and health system factors, including funding
source, sex, comorbidity burden, age at surgery, and, in the Rimfit cohort, Maori ethnicity. These findings
reinforced that implant-level comparisons must be interpreted within a broader patient-centred and equity-

informed framework.

Having established that the Rimfit demonstrates no significant difference in PROMs to a well-performing early
generation cemented implant and having previously demonstrated comparable implant survival between the
cemented designs, the Rimfit could be considered a valid modern cemented reference implant. This validation
was a prerequisite before undertaking comparisons with hybrid THA. Accordingly, the final stage of this Thesis
compared survival outcomes between the hybrid Trident Series 1 implant and the cemented Rimfit implant,
allowing evaluation of hybrid versus cemented performance in the Bay of Plenty region using a cemented

comparator with demonstrated survival stability and durable patient-reported outcomes.
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6.1. Introduction

Cemented total hip arthroplasty (THA) in NZ has fallen below 5% since 2021 (McKie et al., 2024) despite its
affordability (Abdulkarim et al., 2013; Van Praet & Mulier, 2019; Veldman et al., 2021) and excellent survival
outcomes (Van Praet & Mulier, 2019). Hybrid THAs have become increasing popular and are the most used
THA option in Australia and the United Kingdom (CeramTec, 2025). Hybrid implants were developed to
mitigate concerns about early loosening of cemented cups and technical challenges of cementing in the
acetabulum (Van Praet & Mulier, 2019), while maintaining the proven stability and durability of a cemented
stem (Gonzalez Della Valle et al., 2016) and is particularly appealing in patients where femoral bone quality
may be variable, but acetabular bone can support osseointegration (Gonzalez Della Valle et al., 2016) and

demonstrates cost-effectiveness (Van Praet & Mulier, 2019).

A recent literature review of hybrid and cemented THA outcomes for osteoarthritis (Pearce, Butcher, et al.,
2025) identified inconclusive survival evidence of superiority for either combination. Limitations of studies
reviewed included a large variation in observation periods (1980-2019); broad category classification of THA
implants including multiple brands, designs, materials and coatings; heterogeneity in patient characteristics
such as age group studied (e.g. over 80 years only, under 55 years only); overlapping registry data; as well as
variations in statistical survival calculation (Pearce, Butcher, et al., 2025). The review identified the need for
more recent, standardised survival comparison studies of homogenous populations for THA in osteoarthritis,
preferably in specific high-use components (Boyle et al., 2023; Boyle et al., 2022; Pearce, Butcher, et al., 2025).
Generic cohort studies can identify generalised trends in survival (Boyle et al., 2023; Boyle et al., 2022), but
lack the detail needed to guide implant selection, whereas comparison of specific implants allows a more
accurate assessment of variability in survival outcomes (Boyle et al., 2022; Pearce, Butcher, et al., 2025).
Additionally, a homogenous population of observations (same diagnosis, region, hospital groups, surgeons,
observation periods, cemented stems) would allow surgeons to distinguish whether any observed differences
in survival are attributed to fixation type. This would support evidence-based selection (Boyle et al., 2023;
Boyle et al., 2022; Pearce, Butcher, et al., 2025). Identifying patient predictors of survival such as sex (Nugent
et al, 2021), age (Boyer et al., 2019), body mass index (BMI) (Davis et al., 2011; Mouchti et al., 2018), ethnicity
(Alvarez et al., 2022a), American Society of Anesthesiologists Physical Status classification (ASA) (Nugent et al.,
2021), and funding (Alvarez et al., 2022b) pathway, may also identify characteristics of patients with poorer

survival outcomes.

Fully cemented THA implants such as the highly cross-linked polyethylene (HXLPE) Exeter® X3 Rimfit™ cup with
Exeter® V40™ stem are providing 10-year survival outcomes of 97% in osteoarthritis patients (Pearce, Joshi, et
al., 2025a) in the Bay of Plenty region of NZ, superior to the NZJR broad cemented survival of 95% (McKie et
al., 2024). Comparison of this fully cemented implant with a high use uncemented cup with a HXLPE liner
(minimising confounding), and same cemented stem, in the same region, would reduce heterogeneity present

in existing literature (Pearce, Butcher, et al., 2025).
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The uncemented Exter® Trident™ Series 1 acetabular cup is known for its multi-bearing design and
hydroxyapatite coating to promote bone ingrowth for improved fixation (Stryker, 2004) and accepts either
polyethylene or ceramic liners. Studies show favourable mid- to long-term survival outcomes of this cup.
McHale et al. (2024) observed a 94% implant survival at mean follow-up of 12.5 years with ceramic liners,
Bonicoli et al. (2012) noted no revisions or loosening of this cup at a median of 6.2 years, and Dammerer et al.
(2021) reported no migration in the cup over a 4-year follow-up. These studies did not isolate primary THA

surgery for osteoarthritis, cemented stems or cups with polyethylene liners.

Given the substantial economic burden of osteoarthritis in NZ (estimated at NZD12.2 billion in 2018) (Van der
Merwe et al., 2018), implant-specific evaluation is essential. Analysis limited to broad implant categories may
obscure clinically important differences between individual implants (Pearce, Butcher, et al., 2025). Implant
level evaluation enables more precise, evidence-based selection that influences survival outcomes (Pearce,

Butcher, et al., 2025; Van Praet & Mulier, 2019) and guides procurement policy.

Survival outcomes of the modern cementless cup with HXLPE liner were compared to the cemented HXLPE
cup, both with the same cemented stem, in primary THA for osteoarthritis in the Bay of Plenty region of NZ.
Additionally, patient predictors of survival (age, sex, body mass index (BMI), ethnicity, comorbidity rating, and
funding type) were investigated in each cup to determine influencing factors and compared reasons for

revision.

6.2. Methods

6.2.1. Data source and collection

Anonymised primary THA data from the mandatory NZJR for the Bay of Plenty region, performed between 1
January 2003 and 30 June 2023 was analysed. Ethical approval was obtained from The University of Waikato
Human Research Ethics Committee (HREC2023#12) and conducted and reported in accordance with the
STROBE guidelines (von EIm et al., 2007). The national registry captures all primary procedures, revisions, and
mortality through national data linkage. Therefore, loss to follow-up is negligible. Primary THAs for
osteoarthritis using an Exeter® V40™ stem with either a cemented HXLPE Exeter® X3™ Rimfit cup (using a
standardised, third generation cementing technique) (hereafter referred to as cemented) or uncemented
Exeter® Trident™ 1 series (highly porous and hydroxyapatite -coated porous titanium Peripheral Self Locking,
Hemispheric or Tritanium™) cup (Stryker Orthopaedics, Mahwah, NJ) with HXLPE liner (hereafter referred to as
hybrid) were followed up to 30 June 2023 or a maximum of 10 years, a widely accepted benchmark in
arthroplasty research (Clar et al., 2024). Surgeries occurred across three hospitals. Revision events were coded
as “1” and censored observations (death, end of follow-up, or 10 years) as “0”. Missing data were handled
using pairwise deletion. Patient specific factors (sex, age, BMI, ethnicity, ASA rating, and funding source) were

treated as categorical variables. Age categories aligned with UK, NZ and Australian national joint registry
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standards, with <65 combining the <55 and 56-64 age groups due to lower numbers in the cemented category.
BMI categories followed national registry and Centre for Disease Control standards, and ASA 4 ratings were
recoded as ASA 3 due to a low number of ASA 4 observations (n = 19). Ethnicity was self-reported by patients
and categorised into NZ European, NZ Maori, or Other. Funding source was indicated as either public or private
(Table 26). T-tests assessed differences in mean age and BMI, and chi-square tests compared proportions of

categorical predictors between implant groups.

Table 26. Classification of patient 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 (years)

<65 Under but not including 65 years

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

275 Including and over 75 years

BMI (kg/m?)

<25 Normal BMI

25-29.9 Overweight

30-34.9 Obese Class |

35-40 Obese Class Il

>40 Obese Class Il

ASA rating

ASA 1 Patient is a completely healthy, fit patient.

ASA 2 Patient has mild systemic disease.

ASA 3 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

NZ Maori A person of the Maori race and includes any descendant
Other All other ethnicities and undetermined ethnicities

Abbreviations: ASA, American Society of Anesthesiologists Physical Status classification system; BMI, body mass index; NZ, New Zealand
} NZ Government Stats NZ, Tatauranga Aotearoa

6.2.2. Survival

Kaplan—Meier analysis was performed with log-rank testing and verified assumptions of independent
censoring, time-to-event data, survival homogeneity, and absence of influential events. Competing risk of
death was considered, but not applied, as most patients were under 75 years. Proportional hazards
assumption was evaluated using Schoenfeld residuals and log-log survival plots. Results were consistent across
methods, which supported validity of the primary analysis. STROBE (von Elm et al., 2007) reporting guidelines
were followed and R Studio 2025.09.0 (“Cucumberleaf Sunflower”) (Posit, 2023) used to conduct all statistical

tests.
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6.2.3. Reasons for revision

In a secondary analysis, reasons for revision were categorised into dislocations, infection, periprosthetic
fracture, pain, aseptic loosening of acetabulum, loosening of acetabulum due to infection, and other. Chi-
square tests compared proportions of revision reasons between implants. Descriptive data are reported as
counts, percentages, and means + standard deviations. Across analyses, 95% confidence intervals [lower,

upper] were extracted and significance set at p < 0.05.

6.2.1. Regression

Propensity scores were estimated using logistic regression including age category, sex, BMI category, ethnicity,
funding source, and ASA class. Stabilized inverse probability of treatment weights was applied and truncated at
the 99th percentile. Covariate balance was assessed using standardized mean differences. Weighted Cox
proportional hazards models with robust standard errors were used to compare revision risk between hybrid

and cemented THA.

6.3. Results

6.3.1. Patient variables

During the period analysed, there were 2,823 primary THA surgeries for osteoarthritis, encompassing 1,566
hybrid and 1,267 cemented instances (Table 27). The hybrid cohort included 47.88% female, (age 68.26 + 9.96
y, BMI 29.44 + 5.89 kg/m?) and the cemented cohort 61.30% female (age 71.39 + 8.52 y, mean BMI 28.00 +
4.93 kg/m?) with hybrid patients younger (p < 0.001) and with greater mean BMI at surgery (p < 0.001). See
Table 27. Chi-square tests identified a higher proportion of male (A13.42%), privately funded (A22.21%), and
Maori (A4.48%) patients in the hybrid cohort (p < 0.001). A higher proportion of younger patients <65 years
(A14.05%), patients with 25-29.9 BMI (A 5.02%), 30-34.9 BMI (A 6.09%), 35-39.9 BMI (A 5.17%) and >40 BMI (A
3.16%) were identified in the hybrid cohort (p < 0.001). Cobalt chromium represented 85% and 95% of hybrid
and cemented femoral heads respectively, with 15% of hybrid femoral heads made of ceramic. In the Rimfit
cohort 56% of femoral heads were size 32 mm with 38% size 28 mm. In the Trident cohort 83% of femoral

heads were 32 mm 2ith 28 mm and 36 mm even at 8% each.

6.3.2. Survival

Survival analysis included 389 observations in situ at 10 years with a median follow-up of five years for the
hybrid (range 2-7 y) and seven years for the cemented (range 3-9 y). Standard Kaplan-Meier analysis
demonstrated a 10-year survival rate of 95.9% (95% Cl 94.7-97.0) for hybrid fixation and 97.0% (95% CI 95.9—
98.2) for cemented fixation (Figure 10). Unadjusted comparison using the log-rank test suggested superior
survival in the cemented group (p = 0.048) (Table 28), consistent with unadjusted Cox regression which
indicated a lower hazard of revision for cemented fixation (HR 0.46; p = 0.0497). However, following
propensity score weighting, all baseline covariates achieved adequate balance (standardised mean differences

<0.1). In the weighted Cox proportional hazards model including 2,395 patients and 76 revision events, fixation
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type was not associated with revision risk, with hybrid fixation showing a non-significant increase in hazard

compared with cemented fixation (HR 1.41; 95% Cl 0.85-2.33; p = 0.179).
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Figure 10. Inverse probability weighted Kaplan—Meier survival curves for revision-free survival by implant
fixation up to 10 years

Note: (significance set at p = 0.05)
6.3.3. Reasons for revision

A total of 81 revisions (2.9%) (hybrid n = 52, 3.3%; cemented n =29, 2.3%) were recorded over the observation
period from the 2823 THA instances (Table 29). The hybrid demonstrated a higher proportion of revisions
compared with cemented (A1.3%, 95% Cl [0.04%, 2.56%)], p = 0.046). Most revisions were due to infection
followed by dislocation. Aseptic loosening of implants accounted for 8.64% of revisions. There was no

statistically significant difference in proportion of any revision type between the two implants.

6.3.1. Regression

No significant predictors of revision were identified in Cox regression analysis.
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Table 27. Patient characteristics, proportions, and revisions per cemented and hybrid primary total hip arthroplasty for osteoarthritis

Both Implants Hybrid Cemented c:c:::;r:;r;
n % Revision n Revision % n Proportion Revisionn  Revision % n Proportion Revisionn  Revision % x> p-value
Total 2823  100% 81 2.87% 1556  55.12% 52 3.34% 1267  44.88% 29 2.30%
S Male 1301 46.09% 44 3.38% 811 52.12% 28 3.45% 490 38.70% 16 3.30% 50.28  <0.001*
ex
Female 1522 53.91% 37 2.43% 745 47.88% 24 3.22% 777 61.30% 13 1.70%
<64 789  27.95% 22 2.79% 533 34.25% 11 2.06% 256 20.20% 11 4.30% 80.17  <0.001*
Age (years) 65-74 1123 39.78% 32 2.85% 603 38.75% 21 3.48% 520 41.00% 11 2.10%
275 911 32.27% 27 2.96% 420 26.99% 20 4.76% 491 38.80% 7 1.40%
<25 578 20.47% 11 1.90% 272 17.48% 7 2.57% 306 19.70% 4 1.30% 39.68  <0.001*
25-29.9 1075 38.08% 34 3.16% 577 37.08% 21 3.64% 498 32.10% 13 2.60%
, 30-34.9 633 22.42% 18 2.84% 364 23.39% 11 3.02% 269 17.30% 7 2.60%
BMI (kg/m?) 35-39.9 237  8.40% 9 3.80% 156 10.03% 5 3.21% 81 5.20% 4 4.90%
240 121 4.29% 5 4.13% 85 5.46% 4 4.71% 36 2.30% 1 2.80%
Missing 179 NA 2.23% 102 NA 4 - 77 NA 0 -
1 373 13.21% 9 2.41% 216 13.88% 6 2.78% 157 12.40% 3 1.90% 3.85 0.146
ASA 2 1737 61.53% 49 2.82% 966 62.08% 30 3.11% 771 61.00% 19 2.50%
3&4 700 24.80% 23 3.29% 365 23.46% 16 4.38% 335 26.50% 7 2.10%
Missing t 13 NA 0 0.00% 9 NA 0 - 4 NA 0 -
Public 1458 51.65% 42 2.88% 1010 64.91% 33 3.27% 448 42.70% 9 2.00% 125.86 <0.001*
Funding Private 1146 40.60% 35 3.05% 544 34.96% 18 3.31% 602 57.30% 17 2.80%
Missing t 219 NA 4 1.83% 2 NA 1 - 217 NA 3 -
NZEU 2503 88.66% 72 2.88% 1352  86.89% 45 3.33% 1151  90.80% 27 2.30% 14.82  <0.001*
Ethnicity Maori 284  10.06% 9 3.17% 188 12.08% 7 3.72% 96 7.60% 2 2.10%
Other 36 1.28% 0 0.00% 16 1.03% 0 0.00% 20 1.60% 0 0.00%

Abbreviations: ASA, American Society of Anesthesiologists grading; BMI, body mass index; Cemented, Exeter X3 Rimfit cup with V40 stem; Hybrid, Exeter Trident | series with V40 stem; NZEU, New Zealand European;

* Significance set at p < 0.05; T Missing values have not been included in proportion calculations
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Table 28. Implant survival between hybrid and cemented primary total hip arthroplasty for osteoarthritis at 10

years
Hybrid Cemented
Factor At risk Events Survival % raL:kg_ ) At risk Events Survival % Log-rank
(n) (n) [95%Cl] value[if (n) (n) [95%Cl] p-valuet
Component 145 52 95.9[94.7, 97.0] - 244 29 97.0[95.9,98.2]  0.179 $*
Male 86 28 95.9 [94.4-97.5] 105 16 95.7 [93.5, 98.0]
Sex 0.843 0.089
Female 59 24 95.8 [94.1, 97.6] 139 13 97.9 [96.8, 99.1]
<65 52 11 97.9 [96.63, 99.1] 83 11 94.7 [91.6, 97.9]
Age (years) 65-74 70 21 95.7[93.8,97.6]  0.047* 105 11 97.5 [96.0, 99.0] 0.103
>75 23 20 93.3[90.2, 96.4] 58 7 98.3 [96.9, 99.6]
<25 26 7 97.4[95.5,99.3] 44 4 97.7 [95.5, 100]
25-29.9 47 21 95.3[93.2, 97.4] 94 13 96.6 [94.6, 98.6]
BMI
(ke/m?) 30-349 18 11 96.2[94.0,985]  0.885 47 7 96.5[93.9, 99.2] 0.527
35-39.9 7 5 96.2 [92.8, 99.7] 20 4 95.0 [90.3, 99.9]
240 5 4 95.3[90.9, 99.9] 10 1 97.2 [92.0, 100]
1 24 6 96.9 [94.4, 99.4] 36 3 96.4 [92.2, 100]
ASA 2 97 30 96.4 [95.1, 97.6] 0.307 149 19 96.9 [95.5, 98.3] 0.892
384 24 16 93.5[90.0, 97.0] 59 7 97.7 [96.1, 99.4]
) Public 107 33 95.9 [94.5, 97.4] 91 9 97.8[96.3, 99.3]
Funding i 0.826 0.314
Private 37 18 95.2 [94.0, 97.9] 120 17 96.2 [94.2, 98.1]]
. NZEU 126 45 95.8 [94.6, 97.1] 216 27 96.9 [95.7, 98.1]
Ethnicity . 0.789 0.744
Maori 18 7 95.8 [92.8, 99.0] 23 2 97.8[94.8, 100]

Abbreviations: ASA, American Society of Anesthesiologists grading; BMI, body mass index; Cemented, Exeter X3 Rimfit cup with V40 stem; Cl, confidence intervals; Hybrid, Exeter

Trident Series | cup with V40 stem; NZEU, New Zealand European.

* Significance set at p < 0.05; t log rank p-value for main effect of a given predictor; ¥ log rank p-value for survival rates of hybrid and cemented- unadjusted
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Table 29. Total number of, and reasons for revision between hybrid and cemented primary total hip
arthroplasty for osteoarthritis

Revision reason Both Implants (n = 81) Hybrid (n =52) Cemented (n = 29) X2 p-value
Total (n) 81 52 29 0.046*
Infection (n, %) 25 30.86 17 32.69 8 27.59 0.8
Dislocations (n, %) 21 25.93 14 26.92 7 24.14 1
Periprosthetic fracture (n, %) 17 20.99 11 21.15 6 20.69 1
Pain (n, %) 6 7.41 3 5.77 3 10.34 0.66
Aseptic loosening (acetabulum) (n, %) 7 8.64 5 9.62 2 6.90 1
Loosening acetabulum (infection) (n, %) 2 2.47 1 1.92 1 3.45 1
other (fall, broken stem, hematoma, loosening stem) (n, %) 4 4.94 2 3.85 2 6.90 0.37 0.54

Abbreviations: Cemented, Exeter X3 Rimfit cup with V40 stem; Hybrid, Exeter Trident Series 1 cup with V40 stem; X2, Chi squared

* Significance set at p < 0.05

6.4. Discussion

6.4.1. Survival

The 10-year crude implant survival indicated superior survival in the modern cemented THA. After accounting
for baseline differences between groups using propensity score weighting, no evidence of an association
between fixation type and revision risk was observed. Although the point estimate favoured cemented
fixation, the confidence interval was wide and included the null value, reflecting limited precision due to the
small number of revision events. As such, a clinically meaningful difference in revision risk cannot be excluded,
but the available data do not support a statistically significant difference in survival between fixation types.
These findings suggest broadly comparable medium- to long-term revision-free survival between hybrid and

cemented total hip arthroplasty in this cohort.

Median follow-up time differed between groups, with hybrid implants followed for a median of five years
compared with seven years for the cemented ones. This discrepancy reflects the later introduction of hybrid
fixation during the study period. Although time-to-event methods account for censoring, a shorter observation
window reduces the opportunity for revisions to occur and may overestimate early survivorship for the hybrid
group (Serge Somda, 2021). However, the minimum acceptable number of at risk patients (>10%) at the end of
the observation period for survival analysis (Pocock et al., 2002) was met, which is more likely to affect overall
survival estimates. The consistency of adjusted findings nevertheless suggests that fixation type did not

independently influence 10-year survival within the available follow-up period.

Although patients receiving the hybrid implant were significantly younger and had higher mean BMI than
those receiving the cemented, these variables did not independently predict revision risk. While higher BMI
(Onggo et al., 2020; Sayed-Noor et al., 2019) has traditionally been associated with greater mechanical loading
and potential for early loosening, these effects may be mitigated by younger more active patients with good
bone stock (Van Praet & Mulier, 2019) and advances in implant design and surgical technique. Longer-term
follow-up is warranted to determine whether such demographic differences influence survival beyond 10-

years.
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Despite adjustment for key covariates, including age, sex, BMI, ASA score, ethnicity, and funding source,
uncontrolled confounding cannot be excluded. Other unmeasured factors, such as activity level, rehabilitation
(Chojnowska et al., 2024) smoking status (Ehnert et al., 2019), bone mineral density (Daher et al., 2024),
surgical approach (Fagotti et al., 2021), surgical volume (Ravi et al., 2014), and surgical experience (Ravi et al.,
2014), could also influence outcomes, but were not available for analysis. While these factors limit the ability
to eliminate selection bias, the consistency of results across adjusted analysis suggests that fixation type itself

was not an independent determinant of 10-year implant survival.

6.4.2. Reasons for revision

Although the low revision rate supports excellent implant performance in both implant groups, the small
number of events limits power to detect small to moderate differences and explore causes. Future survival
studies could prioritise larger, event-driven cohorts or pooled registry analysis with longer median follow-up.
However, this approach would again introduce heterogeneity in patient demographics (ethnicity,
socioeconomic status, etc). These differences may obscure true fixation related effects and complicate
interpretation. This bias could be mitigated by adjusting for clustering by centre or surgeon to preserve

interna; validity while benefiting from greater precision.

6.4.3. Other indicators of primary total hip arthroplasty success

Success in THA extends beyond implant survival. Radiographic stability, absence of complications, and
sustained improvements in pain, function, and quality of life reflected through patient-reported outcomes
(PROMs) provide a more comprehensive measure of outcome (Pearce, Butcher, et al., 2025). Extended survival
in presence of pain, dysfunction, and poor quality of life is indicative of poor patient outcome (Golinelli et al.,
2022; Okafor & Chen, 2019). Low Maori observations in both THA cohorts indicates low uptake comparative to
population norms, indicating possible systemic barriers (referral patters, geographic access, financial
constraints, limited culturally safe care) (Rahiri et al., 2018) and may present later with advanced disease state
than non-Maori, despite a comparable burden of disease (Gleeson, 2023). Addressing inequality through
culturally safe pathways, improved primary-specialist coordination and equitable rehabilitation access is

critical to ensure functional benefits of THA are realised equitably across populations.

6.4.4. Decline in cemented total hip arthroplasty

Survival was comparable between the cemented and hybrid implant combinations examined in this
population. Such a large shift away from cemented THA is puzzling, with cemented THA dropping to less than
5% of all THAs in NZ (McKie et al., 2024) since 2021 considering its excellent survival and affordability
(Pennington et al., 2015). Possibilities may be heavy promotion within the market of cementless as “next
generation”, perceived to offer easier revision and better long-term bone integration (Matthias et al., 2021),
which seems to be driven largely by perception (Karuppal, 2016) and training patterns (Ryan et al., 2022). No

peer-reviewed study that reliably quantifies the difficulty of revision (e.g., operative time, bone loss or
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complication rate) by fixation type was identified. Several systematic reviews (Abdulkarim et al., 2013; Pearce,
Butcher, et al., 2025; Van Praet & Mulier, 2019) acknowledged the preference for uncemented acetabulum
fixation were unexplained by superior survival. However, one of the most clinically significant advantages of
cementless acetabular systems is their modularity. Uncemented shells, including the Trident system used in
the present study, accept a wide range of interchangeable polyethylene, ceramic, and dual mobility liners
across multiple head sizes and offset configurations, affording the surgeon considerable intraoperative
flexibility to optimise head-cup diameter ratios, bearing material, and stability characteristics for the individual
patient (Bozic et al., 2009). The breadth of bearing options available with modular cementless systems has
expanded substantially with the advent of HXLPE, dual mobility constructs, and large-diameter ceramic heads,
making the cementless platform increasingly versatile for a wide range of patient profiles and activity
demands. This modularity enables the surgeon to respond to intraoperative findings, acetabular size, bone
quality, range of motion, and soft tissue tension, in a way that the all-polyethylene cemented cup, which is a

fixed construct with limited intraoperative adjustability, does not allow.

Ryan et al (2022) noted only 37% of orthopaedic graduate candidates perceived their training in cementing
techniques to be comprehensive, with 17% reporting non-existent training in cementing. A thorough
understanding of cementation techniques is crucial to ensure a favourable outcome with a uniformly thick
cement mantle; incorrect cementing can lead to the premature failure of the endoprosthesis (Faris et al.,
2006). A further practical consideration cited in literature as contributing to the preference for uncemented
acetabular fixation is operative efficiency: cementing the acetabular component requires a second cement mix
and an additional 10-15 minutes of curing time compared to press-fit insertion of a cementless cup, with
implications for theatre throughput in high-volume units. However, this has not been formally quantified in
studies directly comparing acetabular fixation modes within a hybrid THA construct where the femoral stem is
cemented in both groups. Surgical team familiarity with a specific implant system represents a further practical
determinant of prosthesis selection. Retrospective analyses across arthroplasty procedures have
demonstrated that both cumulative team operative experience and surgeon-scrub nurse familiarity are
independently associated with significant reductions in operative time and complication rates, effects that

extend beyond the individual surgeon to include the full theatre team (Parker et al., 2020).

Cost effectiveness and affordability may drive the decision to defer to one over the other, but a review
(Veldman et al., 2021) identified cemented and hybrid THAs were both cost effective. Pennington (2015)
surmised that quality of life after total hip arthroplasty was the main driver of cost effectiveness, rather than
risk of revision. PROMs comparison between the same two implant combinations may reveal more detailed
insights into which provides greater patient perceived value, complimenting survival data in guiding implant

selection.
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6.5. Conclusion

These results indicate that any difference in revision risk up to 10 years between fixation types, if present, is
likely modest and remains uncertain within the constraints of available event numbers. PROMs evaluation of
the population may provide valuable insight as an indicator of successful THA. The reduction of cemented THA
use in the Bay of Plenty, NZ is not explained by inferior PROMs, however, longer follow up is required as

differences may be observed beyond 10 years.

6.6. Limitations

Observational studies cannot support causal influences. While overall survival success is an important
outcome, it is acknowledged that it is not the sole indicator of success in THA. Patient characteristics are also
not the only predictors of outcomes. As over 90% of surgeries in this study were performed by the same
surgeons, within the same hospitals, the possibility of additional surgical confounders has been mitigated in
some respects. Lack of statistical significance where small sample sizes are evident warrant cautious
interpretation. A standard group-to-group survival comparison requires a minimum of 66 events to reliably
detect a large clinical difference (Hazard Ratio = 2.0) and 191 events to detect a moderate difference (Hazard
Ratio = 1.5) therefor these results must be interpreted with caution due to the small incidence if events in this

population.

Femoral head material and size were not evaluated as covariates in the survival analysis, and the distribution of
both varied between the cemented and hybrid cohorts. Cobalt-chromium was the predominant head material
in both cohorts; however, the proportion of ceramic heads differed, accounting for 15% of cases in the hybrid
cohort compared with 5% in the cemented cohort. This difference introduces a potential confounding variable.
As neither head material nor head size was adjusted for in the present analysis, residual confounding from
these variables cannot be excluded, and any difference in revision rate or patient-reported outcome between

the cemented and hybrid cohorts should be interpreted with this in mind.

A potential source of bias relates to the asymmetry in revision options available for the two fixation modes
following dislocation. In the cementless cohort, a well-fixed but malpositioned or unstable shell can often be
managed with a comparatively minor procedure; isolated liner or head exchange without removal of the
osseointegrated shell; whereas no equivalent minor revision option exists for a cemented cup, where
management of recurrent dislocation typically requires either non-operative measures or full cup revision with
cement removal. This asymmetry may have introduced a surgeon-level threshold bias, whereby dislocation in
the cemented cohort was more likely to be managed conservatively rather than surgically, potentially

underestimating the true revision rate for dislocation in this group relative to the cementless cohort.
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Chapter 7. Ten-year comparison of patient-reported outcome
measures in hybrid and cemented primary total hip arthroplasty

implants: A New Zealand regional study

Prelude: The preceding chapter examined implant survival between the Trident hybrid THA and fully cemented
Rimfit THA. While crude analyses suggested superior survival in the modern cemented THA up to 10 years, this
association was attenuated after adjustment for case-mix imbalance using propensity weighting, indicating that
the unadjusted findings were likely confounded by baseline patient characteristics rather than reflecting true
implant-level differences. Given the absence of robust survival differences after adjustment, the next step was
to determine whether PROMs differed between the modern hybrid and cemented THA. Implant survival alone
does not capture the full patient experience, particularly in the presence of systematic differences in patient

characteristics between implant groups.

Accordingly, this study aimed to compare PROMs between the hybrid and cemented THA in the region over 10
years, incorporating patient characteristics and funding resource type as potential influential factors. This
approach allows assessment of whether differences in PROMs exist independent of survival, and whether

specific patient subgroups experience differential outcomes across implant constructs.
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7.1. Introduction

Total hip arthroplasty (THA) is one of the most successful and frequently performed orthopaedic procedures
worldwide (Evans et al., 2019), delivering substantial improvements in pain, mobility, and overall health-related
quality of life for individuals with end-stage hip osteoarthritis (Vergari et al., 2024). As populations age and
expectations for functional longevity continue to rise, long-term outcomes following THA have become
increasingly important to patients, clinicians, and health systems (Patel et al., 2023). New Zealand (NZ), like
many countries, is experiencing sustained growth in THA demand, accompanied by pressure on public health
resources and heightened scrutiny of implant value, longevity, and equity of outcomes across demographic
groups (Stilwell et al., 2025).

|n

What constitutes the “optimal” method of implant fixation remains a topic of ongoing debate in THA practice.
Options include cemented, uncemented, hybrid, and reverse hybrid constructs, each with differing theoretical
advantages. Fully cemented fixation, particularly of the femoral component, has an established history of long-
term success in primary THA for OA (Pearce, Joshi, et al., 2025a; Perticarini et al., 2024; Van Praet & Mulier,
2019). More recently, hybrid fixation, combining an uncemented acetabular component with a cemented
femoral stem, has gained popularity. By 2023 in NZ, hybrid implant THA combinations had increased to ten
times that of cemented combinations (McKie et al., 2024) despite minimal evidence to support this shift.
Advocates of hybrid constructs cite improved biological fixation of the cup (Gonzélez Della Valle et al., 2016),
reduced challenges related to cementing of the acetabulum (Van Praet & Mulier, 2019), and reliable stability of
the cemented stem (Gonzélez Della Valle et al., 2016). Opposingly, advocates for cemented implant
combinations cite excellent long-term survival (Pearce, Joshi, et al., 2025a), reduced periprosthetic fracture
rates (Sassoon et al., 2024), and improved cost effectiveness (Veldman et al., 2021). Despite these differing
philosophies, evidence comparing long-term patient-reported outcome measures (PROMs) between fixation
types remains limited (Pearce, Butcher, et al., 2025; Van Praet & Mulier, 2019), and clinical practice may reflect
surgeon training or preference rather than strong comparative data (Ryan et al., 2022). Existing literature
comparing cemented and hybrid constructs has largely focused on implant survival and revision rates rather
than patient-reported outcome measures. Only three studies available on this topic focussed exclusively on
PROMs in cemented and hybrid implant comparison in osteoarthritis (Nilsdotter & Lohmander, 2003; Norman-
Taylor & Villar, 1997; Onsten & Carlsson, 1994), evaluated THAs performed between 1988 and 1998,and none
of these studies extended PROM comparisons beyond 3.6 years follow-up (Pearce, Butcher, et al., 2025). All
three studies showed very low certainty of evidence when evaluated, compared heterogenous populations,
used assorted PROM s tools and were limited in their analysis of influential patient factors on PROMs (Pearce,
Butcher, et al., 2025). The studies reported improvements in PROMs for hybrid and cemented THA at their
chosen follow-up periods of one (Norman-Taylor & Villar, 1997), two (Onsten & Carlsson, 1994), and three-and-
a- half years(Nilsdotter & Lohmander, 2003) yet no significant differences in outcomes between the two

constructs.
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Long-term PROMs are increasingly recognised as critical to understanding the true durability of THA benefit
(Baumhauer & Bozic, 2016; Lavallee et al., 2016; Quiceno et al., 2024; Yamate et al., 2023). Survivorship alone
does not reflect the lived experience of pain, function, and quality of life a decade after surgery. A 10-year
horizon allows assessment of sustained benefit, late decline, or divergence between implant combinations that
may not be apparent in early follow-up. Patient factors that may influence these PROMs have direct
implications for patient-specific implant selection, surgeon training, procurement decisions, and value-based
care strategies within health systems. Broad comparison of various fixation methods has also been criticised as
limited, identifying generalised trends, but lacking in detail needed to guide surgeon choice and it has been

recommended that more detailed implant specific analysis be performed (Boyle et al., 2023; Boyle et al., 2022).

The Exeter® V40 cemented femoral stem is one of the most used and extensively studied stems internationally,
with long-term reliability, low revision rate and high-level functional performances (Mahon et al., 2020;
Mancino et al., 2023; Perticarini et al., 2024). When paired with the Exeter Rimfit™ (Rimfit) cemented
acetabular component, this implant combination represents a fully cemented construct. In this region of
interest, the Bay of Plenty in NZ, this combination shows equitable survival outcomes to the “gold standard”
early generation Exeter Contemporary flanged™ cup (ECF) (Lamberton et al., 2023; Maggs et al., 2016; Pearce,
Joshi, et al., 2025a). It is the most used cemented implant combination in NZ after the ECF cup (McKie et al.,
2024), which is no longer in use. In the Bay of Plenty, the Exeter Trident hybrid combination (Trident) — pairing
the Exeter V40 femoral stem with the Trident™ uncemented Series 1 acetabular cup —is a popular hybrid
implant combination (McKie et al., 2024). Because both constructs share the same femoral stem and differ only
in acetabular fixation, they provide a uniquely controlled opportunity to compare the PROMs of two fixation
strategies while minimising implant design confounding. Thus, the aim of this study was to firstly compare 10-
year PROMs following primary THA for osteoarthritis using the Trident (hybrid) and Rimfit (cemented)
constructs, using a large and detailed regional dataset and secondly determine influential patient factors such

as sex, age, body mass index (BMI), comorbidity status, ethnicity, and funding pathway (public or private).

7.2. Methods

7.2.1. Data source and collection

Anonymised, prospectively collected PROM data were obtained for primary THAs performed between 1
January 2003 and 30 June 2023 for osteoarthritis, with either an Exeter X3 Rimfit (cemented) (Rimfit)or an
Exeter Trident series 1 acetabular cup (uncemented)(Trident) and a cemented Exeter V40 stem (Stryker,
Mahwah, NJ) in the Bay of Plenty region of NZ. Patient data were extracted from the Tauranga Orthopaedic
Research (TOR) regional registry when presenting with at least one PROM at any of the timepoints of interest.
TOR is a non-profit organisation that independently maintains a comprehensive registry of all THA procedures
performed in the region, separate from the NZJR. With patient consent, data are prospectively entered into
SOCRATES software (version 3.5.8.26 10150). PROMs are routinely collected preoperatively and at 1-year, 5-

years and subsequently at 5-year intervals. These PROMs include the Oxford Hip score (OHS), Western Ontario
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and McMasters university Osteoarthritis index (WOMAC), and Veterans RAND 12-item Health Survey (VR-12)
physical and mental component scores. The University of Waikato Human Research Ethics Committee
(HREC2023#12) granted ethical approval for this study. This study was conducted and reported in accordance
with the STROBE guidelines (von Elm et al., 2007).

7.2.2. Patient-reported outcome measures

Preoperative PROMs consisted of scores collected before surgery. Follow-up intervals were defined as 1-year
(10-14 months postoperatively), 5 years (4-6 years postoperatively), and 10 years (9-11 years postoperatively).
To facilitate clinical interpretation between implants cohorts and their patient subgroups (sex, age, body mass
index [BMI], American Society of Anaesthesiologists [ASA] rating, funding source, and ethnicity), minimal
clinically important difference (MCID) thresholds were calculated using a distribution-based approach. Each
MCID was set at 0.5 times the standard deviation of the preoperative score for each cohort(Molino et al.,
2022). Although intended to describe within-patient change (Deckey et al., 2023), MCID was applied here to
aid interpretation of between-group differences to assess their potential clinical relevance. Score differences

exceeding the threshold were considered clinically meaningful (Beard et al., 2015).

7.2.3. Patient characteristics

Collected demographic and clinical categorical parameters included sex (male, female), ASA grade (1-4),
funding source (public, private), and ethnicity (NZ European, Maori, Other). Age and BMI were treated as
continuous variables. The “Other” ethnicity represented a small heterogenous group (Rimfit n =5, Trident n =
26) and was excluded when examining the influence of ethnicity on PROMs. Due to low frequency, patients
classified as ASA 4 were reclassified as ASA 3 (Rimfit n = 7, Trident n = 12) to allow for sufficient representation

in statistical models. Funding source (public, private) was used as a proxy indicator of socioeconomic status.

7.2.4. Statistical analysis

All analyses were conducted in RStudio (Vienna, Austria) (Posit, 2023), with methodological oversight from a
specialist in public health statistics and biostatistics. Missing data were handled using pairwise (available case)
deletion, meaning that all available observations were used for each analysis without requiring complete data
across all variables. Missing data may be due to incomplete questionnaires, non-returned questionnaires, or
study withdrawal. Baseline distribution of categorical variables (sex, ASA rating, funding source, and ethnicity)
and continuous variables (age, BMI) were summarised for each implant type, along with mean OHS, WOMAC,
and VR-12 scores obtained preoperatively and at 1, 5 and 10 years postoperatively. Missing data resulting from
incomplete or unreturned questionnaires or study withdrawal were handled using pairwise deletions, ensuring
that all available data were retained for analysis. Comparisons of categorical variables between implants were
conducted using Chi-squared or Fisher’s exact tests, as appropriate. Continuous variables (age, BMI, and
PROMs) were compared using independent students t-tests or Welch’s t-tests, as appropriate. Normality was
assessed using visual inspection of histograms and Q—Q plots. Due to the incomplete pairing of preoperative

and postoperative data, independent t-tests were used for temporal comparisons. Variations in PROM scores
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between successive follow-up intervals within each cohort were assessed using analysis of variance (ANOVA)
with post-hoc Tukey testing. Postoperative OHS values below 27 were classified as “poor” and associated
patient characteristics were descriptively analysed separately. Multiple linear regression was used to determine
patient characteristics independently associated with preoperative and postoperative PROMs within each
cohort. Model diagnostics included assessment of residual plots (normality of residuals was assessed visually
using Q-Q plots), influence statistics, variance inflation factors, and the Durbin-Watson statistic. Preoperative
scores were included as covariates in postoperative models, and variables significantly associated with
preoperative outcomes were excluded from postoperative models to minimise confounding. Minor deviations
from normality were observed in untransformed postoperative OHS and WOMAC scores in both cohorts.
However, given the large sample size and the exploratory nature of the analysis, these deviations were not
expected to bias parameter estimates. Statistical significance was defined as p < 0.05 and all results were

reported with corresponding 95% confidence intervals [lower, upper].

7.3. Results

We identified 2331 (Trident n = 1229, 52.7% of total), Rimfit n = 1102, 47.3% of total) THAs with at least one
PROM. In the Trident cohort, there was a significantly higher proportion of males (p < 0.001, 11.3% greater),
publicly funded (p < 0.001, 21.9% greater), Maori ethnicity (p < 0.001, 5.5% greater), and “Other” ethnicity (p <
0.001, 1.6% greater). We noted a significantly higher proportion of NZ Europeans (p = 0.02, 4.8% greater),
higher mean age (p < 0.001, 2.6 years older) and lower BMI (p < 0.001, 1.21 kg.m? lower) in the Rimfit cohort
(Table 30). Cobalt-chromium was the predominant head material in both groups, accounting for 95% of heads
in the cemented cohort and 85% in the hybrid cohort, with the remaining 15% of hybrid heads being ceramic;
no ceramic heads were used in the cemented cohort. Femoral head size distribution also differed: in the
cemented Rimfit cohort, 56% of heads were 32 mm and 38% were 28 mm, whereas in the hybrid Trident

cohort, 83% of heads were 32 mm, with 28 mm and 36 mm heads each accounting for 8%.
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Table 30. Comparison of implant patient characteristics between a hybrid and cemented primary total hip
arthroplasty for osteoarthritis

Both Implants Trident Proportion Rimfit Proportion p- value
Total 2331 1229 52.72%% 1102 47.3%% -
Age (mean £ SD R 68.78 +9.58 71.39+8.52 <0.001*
BMI (mean * SD) B 29.21+£5.70 28.00 £4.93 <0.001*
Sex, n 9
Male 1055 632 51.42% 423 38.38% <0.001*
Female 1276 597 48.58% 679 61.62% <0.001*
Funding, n
Public 1329 828 67.37% 501 45.46% <0.001*
Private 999 401 32.63% 598 54.26% <0.001*
Missing t 3 0 0.00% 3 0.27% -
ASA, n 1
1 314 168 13.67% 146 13.25% 0.813
2 1430 770 62.65% 660 59.89% 0.185
3and 4 550 272 22.13% 278 25.23% 0.090
Missing T 37 19 1.55% 18 1.63% -
Ethnicity, n 9]
NZEU 2090 1074 87.39% 1016 92.20% 0.020*
Maori 184 129 10.50% 55 4.99% <0.001*
Other 31 26 2.12% 5 0.45% <0.001*
Missingt 26 0 0.00% 26 2.36% -

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.

T Missing values have not been included in proportion difference calculations

f Percentage represents proportion of total sample

1 Percentage represents proportion within specific implant type

* Significance set at p < 0.05

7.3.1. Patient-reported outcomes measures

PROMs comparisons between and within cohorts can be found in Table 31. Significant differences were noted
in all preoperative PROMs, with Trident showing significantly poorer preoperative scores across tools (p <
0.001). No significant differences were noted at 1, 5, and 10 years postoperatively between the implants,
except for the Trident 1-year VR-12 physical score being significantly better than the Rimfit (p < 0.033), and its
10-year VR-12 mental score being significantly worse than the Rimfit (p = 0.047). For each implant, ANOVA
testing revealed a significant difference between preoperative and 1-year scores across tools (p < 0.001). In the
Rimfit, no significant difference between 1-year, 5-year, and 10-year scores was noted. In the Trident, no
significant difference between 1-year and 5 years was noted, but a significant drop in VR-12 physical scores was
noted between 5-year (44.12 + 11.14) and 10-year (41.20 + 10.74, p = 0.031), yet the drop in score (2.9) is still
well below the MCID of 4.11.

130



7.3.2. Poor postoperative patient-reported outcome measures

A total of 106 OHS scores <27 were identified (Rimfit n = 53, 4.3%; Trident n = 53, 4.8%. (Supplementary Table
4). The two implant cohorts were similar in age (71.6 + 8.3 y; 68.1 + 9.96 y), with no significant differences in

any of the examined patient characteristics between the cemented and the hybrid implants.

7.3.3. Linear regression: Preoperative patient-reported outcome measures

Funding source and ASA grade significantly influenced all preoperative PROMs (Table 32 and Table 33). Public

patients and those with ASA 3 grade had significantly poorer scores than private patients and those with lower
ASA grades. For every PROM, public funding was associated with worse preoperative scores that exceeded the
MCID. PROM s of patients with ASA 3 grade also exceeded the MCID for VR-12 physical scores in both implant

groups, and for VR-12 mental scores in the Rimfit cohort. Increased BMI was a negative predictor of OHS, while
female sex was associated with poorer WOMAC, VR-12 physical, and VR-12 mental scores. Maori ethnicity was
additionally associated with poorer VR-12 mental scores in both implant groups and exceeded the MCID in the

Rimfit cohort. The R? values ranged from 0.12 to 0.31 across regression analyses.

7.3.4. Linear regression: Postoperative patient-reported outcome measures

Preoperative scores and age at surgery were consistent significant predictors of postoperative scores in all
PROMs in both cohorts, except in the VR-12 mental postoperative scores in the cemented Rimfit cohort (Table
34 and Table 35). BMI was a significant predictor of WOMAC and VR-12 physical postoperative scores in the
Trident cohort and the VR-12 mental postop scores in the Rimfit. In the Rimfit cohort, Maori ethnicity was
identified as an additional significant predictor of poorer postoperative PROMs compared to non- Maori, with
poorer OHS by ~5 points, WOMAC by ~6 points, and VR-12 physical by ~8 points. However, the small number of
Ma3ori patients (n = 36) with postoperative scores requires cautious interpretation. The R? values ranged from

0.08 to 0.14 across regression analyses.
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Table 31. Comparison of preoperative and postoperative patient-reported outcome measures between a hybrid and cemented primary total hip arthroplasty for

osteoarthritis

Oxford (0-48)

Preop

1-year postop

5-year postop

10-year postop
WOMAC Total (0-96)
Preop

1-year postop

5-year postop

10-year postop

VR-12 Physical (x = 50)
Preop

1-year postop

5-year postop
10-year postop

VR-12 Mental (x = 50)
Preop

1-year postop

5-year postop
10-year postop

Within Within Between
Rimfit Trident implant t-
Rimfit ANOVA 9 Trident ANOVA 9 test
n Mean SD Diff [95% CI] T MCID ¥ p-value n Mean SD Diff [95% CI] T MCID ¥ p-value p- value Diff [95% Cl]
837 18.23 +8.96 4.48 861 1536  48.36 4.18 <0.001 2.87[2.04,3.70]
842 41.29 +7.42 23.06 [22.25, 23.82] <0.001* 953  41.80 ¥7.92 26.44 [25.47, 27 .41] <0.001* 0.159 0.51[0.20, 1.22]
490 42.88 +6.85 0.002* 521 4254  17.50 0.336 0.451 0.34[-0.54, 1.22]
124 41.64 +8.67 0.409 133 4227  46.56 0.989 0.517 0.63 [-1.26, 2.52]
827 54.23 +18.51 9.26 850 60.70 +18.37 9.19 <0.001 6.47 [4.69, 8.25]
810 14.12 +14.09  40.15 [38.60, 41.71] <0.001* 935 1371 1550  46.99 [44.92, 49.07] <0.001* 0.550 0.41 ['-0.94, 1.76)
483 12.41 +14.29 0.259 505 13.87  #16.63 0.998 0.131 1.46 [-0.44, 3.36]
124 15.38 +17.23 0.256 129 14.88  +14.06 0.944 0.801 0.50 [-3.38, 4.38]
836 27.61 +8.21 4.11 857 2597  +7.66 3.83 <0.001* 1.64 [0.88, 2.40]
840 44.01 +10.57 17.05[16.12, 17.97] <0.001* 946  45.09 £10.73  19.12[17.91, 20.33] <0.001* <0.033 1.08 [0.09, 2.07]
487 44.43 +10.37 0.876 514 44,12 ¥11.14 0.301 0.649 0.31[-1.02, 1.64]
125 42.23 +11.34 0.111 130 41.20 #10.74 0.031* 0.458 1.03 [-1.70, 3.76]
836 46.36 +12.76 6.38 857 42,58  +13.37 6.69 <0.001* 3.78 [2.53,5.03]
840 53.31 +9.40 6.49 [5.49, 7.48] <0.001* 946  52.76  #9.70 10.19 [8.82, 11.55] <0.001* 0.224 0.55 [-0.34, 1.44]
487 53.97 +10.00 0.711 514 5278  19.50 1 0.054 0.19 [-0.02, 2.40]
125 55.16 +8.86 0.691 130 52.80 10.01 1 0.047* 2.36[0.03, 4.69]

Abbreviations: Cl, confidence interval; Diff, difference; MCID, Minimal clinically important difference (distribution-based); Preop, preoperative; Postop, postoperative; Rimfit, Exeter X3 Rimfit cup; SD, standard deviation; Trident, Exeter Trident Series 1; VR-12,
Veterans Rand 12-item health survey; WOMAC, Western Ontario and McMaster Universities Index.

* Difference calculated between the mean preoperative score and the mean 1-year postoperative score
3 MCID calculated using the distribution method of 0.5 x SD of the preoperative score

1 with post hoc Tukey
* Significance level set at p < 0.05
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Table 32. Preoperative patient-reported outcome measure linear regression for the Exeter Trident (hybrid) implant in primary total hip arthroplasty for osteoarthritis

Trident
Predictor 53[:5"‘5 ’ Stafi_stic DF Estimate l::srzgr vat;_ue p-value Interpretation
Oxford preop (0-48) 774 0.30 46.98 7,740 <0.001*
(intercept) 26.85 1.42 18.89 <0.001* Baseline: Private funding, ASA 1
Funding (Public) -9.00 0.56 16.12 <0.001* Public patients score 10 points worse than private patients
ASA 2 -1.30 0.80 -1.62 0.107
ASA 3 -3.48 0.94 -3.72  <0.001*  ASA 3 patients score ~3.5 points worse than ASA 1 patients
BMI -0.12 0.05 -2.71  0.007*
WOMAC total preop (0-96) 812 0.25 68.53 4,807 <0.001*
(intercept) 46.04 1.85 2491 <0.001* Baseline: Female, private funding, ASA 1
Funding (Public) 18.01 1.24 14.58 <0.001* Public patients score 18 points worse than private patients
ASA 2 3.30 1.73 1.90 0.057
ASA 3 7.61 1.99 3.83  <0.001* ASA 3 patients score ~8 points worse than ASA 1 patients
Sex (Male) -3.43 1.12 -3.05 0.002*  Females score ~ 3.5 points worse than males
VR12 physical preop (x = 50) 819 0.15 36.01 4,814 <0.001*
(intercept) 30.91 0.81 38.24 <0.001* Baseline: Female, private funding, ASA 1
Funding (Public) -5.30 0.55 -9.67 <0.001*  Public funding ~5 points worse physical health to private
ASA 2 -1.48 0.76 -1.95 0.051
ASA 3 -3.78 0.87 -4.34  <0.001*  ASA 3 patients score ~4 points worse than ASA 1 patients
Sex (Male) 1.14 0.50 2.29 0.022*  Males score ~1 point better physical health than females
VR12 Mental preop (x = 50) 819 0.12 21.85 5,813 <0.001*
(intercept) 49,90 1.45 34.53 <0.001* Baseline: Female, private funding, ASA 1, NZ European
Funding (Public) -8.03 0.99 -8.13  <0.001*  Public funding ~8 points worse mental health to private
ASA 2 -2.05 1.36 -1.51 0.133
ASA 3 -3.61 1.57 -2.30 0.022*  ASA 3 patients score ~3.5 points worse than ASA 1 patients
Sex (Men) 1.83 0.89 2.05 0.040*  Males score ~2 points better mental health than females
Ethnicity (Maori) -4.48 1.44 -3.11 0.002*  Maori score ~4.5 points worse than NZ European patients

Abbreviations: ASA, American Society of Anesthesiologists physical status classification; BMI, body mass index; DF, degrees of freedom; F-Stat, F-statistic; HRQOL, health-related quality of life; Preop, preoperative; Std, standard; WOMAC, Western Ontario and
McMaster Universities; Arthritis Index; VR-12, Veterans Rand 12-item health survey.
* Significance set at p < 0.05
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Table 33. Preoperative patient-reported outcome measure linear regression for the X3 Rimfit (cemented) implant in primary total hip arthroplasty for osteoarthritis

Exeter X3 Rimfit

Predictor Sample (n) R? F-Statistic DF Estimate (8) STD Error t-value p-value Interpretation
Oxford preop (0-48) 767 0.31 67.07 5,762 <0.001*
(intercept) 30.91 1.61 19.23 <0.001* Baseline: Female, private funding, ASA |
BMI -0.27 0.06 -4.73 <0.001* 1 BMI -~ ¥ Oxford score
Sex (Male) 1.98 0.57 3.53 <0.001* Males score ~ 2 points better than females
Funding (Public) -8.25 0.58 -14.28 <0.001* Public patients score ~ 8 pts worse than private
ASA (2) -2.10 0.80 -2.64 0.009* ASA 2 score ~ 2 points worse than ASA 1
ASA (3) -3.50 0.94 -3.70 <0.001*  ASA 3 score ~ 3.5 points worse than ASA 1
WOMAC total preop (0-96) 758 0.29 60.45 5,753 <0.001*
(intercept) 28.71 3.38 8.47 <0.001* Baseline: Female, private funding, ASA (1)
BMI 0.52 0.12 4.36 <0.001* 1 BMI> 1 (worse) WOMAC
Sex (Male) -3.98 1.18 -3.37 <0.001* Females score ~ 4 points worse than males
Funding (Public) 16.25 1.22 13.35 <0.001* Public patients score ~ 16 points worse than private
ASA (2) 5.10 1.66 3.06 0.002* ~ 5 points worse than ASA (1)
ASA (3) 7.85 1.99 3.96 <0.001*  ~ 8 points worse than ASA (1)
VR-12 physical preop (x = 50) 763 0.20 38.37 5,764 <0.001*
(intercept) 38.08 1.60 23.74 <0.001* Baseline: Female, private funding, ASA (1)
BMI -0.20 0.06 -3.64 <0.001* 1 BMI~> ¥ physical HRQOL
Sex (Male) 2.05 0.56 3.64 <0.001* Males score 2 points better physical HRQOL than female
Funding (Public) -5.56 0.58 -9.64 <0.001* Public funding ~5.5 points worse physical HRQOL to private
ASA (2) -3.56 0.79 -4.50 <0.001*  ~3.5 points worse physical HRQOL than ASA (1)
ASA (3) -4.21 0.94 -4.47 <0.001*  ~4 points worse physical HRQOL than ASA (1)
VR-12 mental preop (x =50) 824 0.15 29.16 5,819 <0.001*
(intercept) 52.28 1.1 47.00 <0.001* Baseline: Female, private funding, non-Maori, ASA (1)
Sex (Male) 2.79 0.86 3.25 0.001* Males score ~ 3 points better mental HRQOL than females
Funding (Public) -6.80 0.88 -7.76 <0.001* Public funding ~7 points poorer mental HRQOL to private
ASA (2) -3.30 1.22 -2.70 0.007* ~ 3 points worse mental HRQOL than ASA (1)
ASA (3) -6.48 1.42 -4.56 <0.001*  ~ 6.5 points worse mental HRQOL than ASA (1)
Ethnicity (Maori) -6.25 1.82 -3.44 <0.001* Maori score ~ 6 points worse mental HRQOL

Abbreviations: ASA, American Society of Anesthesiologists physical status classification; BMI, body mass index; DF, degrees of freedom; F-Stat, F-statistic; HRQOL, health-related quality of life; Preop, preoperative; Std, standard; WOMAC, Western Ontario and
McMaster Universities; Arthritis Index; VR-12, Veterans Rand 12-item health survey.
* Significance set atp <0.05
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Table 34. Postoperative patient-reported outcome measure linear regression for the Exeter Trident (hybrid) implant in primary total hip arthroplasty for osteoarthritis

Trident
Predictor Sa;’:yle R? F statistic DF Estimate Eigr:gr vat;_ue P-value Interpretation
Oxford postop (0-48) 559 0.08 12.15 2,556 <0.001*
(intercept) 42.86 2.66 16.11  <0.001* Baseline
Oxford preop 0.24 0.04 6.14 <0.001* Each 1-point 1 preop - 0.24-point I postop - better postop
Age at surgery -0.07 0.04 -2 0.046* Each 1-point 1 BMI - 0.07-point |, postop -> worse postop
WOMAC postop (0-96) 482 0.10 17.64 3,478 <0.001*
(intercept) -25.36 6.96 -3.65 <0.001* Baseline
WOMAC preop 0.20 0.04 5.49 <0.001* Each 1-point 1 preop - 0.20-point * postop - poorer postop
BMI 0.35 0.12 2.96 0.003* Each 1-point 1 BMI - 0.35-point I postop -> worse postop
Each 1 year 1 age at surgery - 0.24-point I postop = worse
Age at surgery 0.24 0.08 3.19 0.002* postop
VR12 physical postop (x = 50) 496 0.14 26.85 3,492 <0.001*
(intercept) 61.67 5.05 12.21  <0.001* Baseline
VR12 physical preop 0.34 0.06 5.97 <0.001* /M preop physical scores 1 postop = better postop
BMI -0.32 0.08 -3.95  <0.001*  Each 1-point P BMI = 0.32-point |, postop - worse postop
Age at surgery -0.24 0.05 -4.74  <0.001* Each year 1" isa 0.24 | in postop - worse postop
VR12 mental postop (x = 50) 558 0.13 39.57 2,55 <0.001*
(intercept) 50.46 3.19 15.84  <0.001* Baseline
VR12 mental preop 0.25 0.03 8.31 <0.001* higher preop mental health scores predict better postop
Age at surgery -0.12 0.04 -2.99 0.003* Each year 1" isa 0.12 { in postop -> worse postop

Abbreviations: ASA, American Society of Anesthesiologists physical status classification; BMI, body mass index; DF, degrees of freedom; F-Stat, f-statistic; Preop, preoperative; Postop, postoperative; PROMs, patient-reported outcome measures; Std,
standard; WOMAC, Western Ontario and McMaster Universities Arthritis Index; VR- 12, Veterans Rand 12-item health survey.
* Significance set at p < 0.05.
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Table 35. Postoperative patient-reported outcome measure linear regression for the Exeter X3 Rimfit (cemented) implant in primary total hip arthroplasty for osteoarthritis

Exeter X3 Rimfit cup

Predictor Sa;:;ale R? F statistic DF Est;r;)ate :rtgr vaft_Je P-value Interpretation
Oxford postop (0-48) 607 0.08 18.55 3,604 <0.001 *
Intercept 44.77 2.671 16.76  <0.001* Baseline: Ethnicity (NZEU)
Oxford preop 0.181 0.034 5.36 <0.001* /M preop score - higher postop Oxford - better postop
Age at surgery -0.093 0.035 -2.63 0.009* 1 age > lower postop Oxford - worse postop
Ethnicity (NZ Maori) -4.925 1.441 -3.42 <0.001* NZ Méori score ~5 points lower—> worse postop
WOMAC postop (0-96) 585 0.08 18 3,582 <0.001 *
Intercept -13.14 5.032 -2.61 0.009* Baseline: Ethnicity (NZEU)
WOMAC preop 0.18 0.03 5.63 <0.001* N Preop WOMAC - I postop WOMAC -> worse postop
Age at surgery 0.24 0.07 3.52 <0.001* Each 1 year 1 is a 0.24 1 postop WOMAC -> worse postop
Ethnicity (NZ Maori) 5.83 2.69 2.17 0.031* NZ Maori score ~ 6 points higher - worse postop
VR-12 physical postop (x =50) 612 0.11 27.14 3,609 <0.001 *
Intercept 58.06 3.85 15.07 <0.001* Baseline: Ethnicity (NZEU)
VR-12 physical preop 0.23 0.05 4.75 <0.001* 1 Preop VR12 Physical > 1 postop VR12 Physical-> better postop
Age at surgery -0.27 0.05 -5.65 <0.001* Each 1-year P isa0.27 | in postop - worse postop
Ethnicity (Maori) —-7.56 1.88 -4.03 <0.001* Maoriassociated with ~8 point lower postop - worse postop
VR-12 mental postop (x= 50) 563 0.14 45.76 2,561 <0.001 *
Intercept 46.54 2.77 16.83 <0.001 * Baseline
VR12 mental preop 0.26 0.03 8.73 <0.001* Each 1-point P preop = 0.26-point I postop = better postop
BMI -0.19 0.08 -2.48 0.014* {' BMI - 0.19 point 1 postop > better postop

Abbreviations: ASA, American Society of Anesthesiologists physical status classification; BMI, body mass index; DF, degrees of freedom; F-Stat, f-statistic; Preop, preoperative; Postop, postoperative; PROMs, patient-reported outcome measures; Std,
standard; WOMAC, Western Ontario and McMaster Universities Arthritis Index; VR- 12, Veterans Rand 12-item health survey.

* Significance set at p < 0.05.
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7.4. Discussion

PROMs following cemented Rimfit and hybrid Trident THA were examined using one of NZ’'s most
comprehensive regional arthroplasty datasets, incorporating PROMs captured preoperatively and at 1, 5, and
10 years. The TOR regional database used in this study provides detailed and longitudinal PROMs, surgical data,
and demographic characteristics across a diverse population. This richness of data supports rigorous long-term
comparative analysis between implant types while accounting for demographic and service-delivery
differences. Across all analyses, several consistent themes emerged that collectively highlight the complexity of

interpreting outcomes and the importance of contextualised regional data.

The results demonstrate that fixation type does not meaningfully influence postoperative PROMs up to 10
years. Instead, the strongest and most consistent predictors of postoperative PROMs were the preoperative
scores themselves. Patients who entered surgery with poorer physical or mental health almost universally
achieved lower postoperative PROMs, independent of fixation or surgical factors. The linear regression findings
corroborate literature demonstrating that preoperative PROMs are the most powerful predictors of
postoperative functional results after hip arthroplasty (Grits et al., 2023; O'Connor et al., 2022; Pearce, Joshi, et
al., 2025b; Ren et al., 2023; Zhang et al., 2022). Factors such as public funding, higher ASA classification, female
sex, older age, and higher BMI have been associated with poorer preoperative status, which in turn can lead to
less favourable outcomes (Golinelli et al., 2022; Pearce, Joshi, et al., 2025b). Importantly, the observed decline
in VR-12 physical component score at long-term follow-up may reflect the compounding influence of patient
age and comorbidity burden, as well as elevated BMI rather than any deterioration in the function of the
operated hip itself (Cole et al., 2025). Thus, age and BMI serve as key variables linking patient-level health
trends to generic physical health measures, a phenomenon not captured by joint specific PROMs. These
findings highlight that within this region disparities are established well before surgery and that clinical
improvement after THA is heavily influenced by where patients start. Poorer postoperative outcomes in Maori
in the cemented Rimfit cohort need to be interpreted with caution due to the low numbers of Maori
postoperative scores but demonstrates the low uptake of THA in Maori. Bourke et al. (2023) identified
competing responsibility, disrupted mana (feeing disempowered), and systemic abdication as a probable
contributing factor to healthcare accessibility for Maori (Bourke et al., 2023). Socioeconomic inequities may
also contribute to inequity in THA uptake (Cohen-Levy et al., 2022; Loring, 2022). Further in-depth research
into why Maori are not accessing THA services in this region would be beneficial and would assist to further
develop strategies to promote higher uptake of THA services when needed, which improves quality of life,

reduces pain, and dysfunction.

Both implant combinations demonstrated significant improvements in the mean OHS, WOMAC, and VR-12
physical and mental scores from preoperative to 1-year postoperatively. OHS, WOMAC, and VR-12 mental
component scores also remained stable between 1, 5, and 10-year follow-up indicating sustained joint-specific

and mental health outcome over the long-term. However, a statistically significant decline in the VR-12 physical
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score of 2.92 points (less than the MCID of 3.83) was noted in the Trident between 5 and 10 years
postoperatively (p < 0.033). Similarly, there was a decline of 2.1 points (less than the MCID of 4.11) in the Rimfit
cohort which did not reach statistical significance. Unlike OHS and WOMAC, which exclusively evaluate hip
specific pain, function, and stiffness (Pulik et al., 2020); the VR-12 physical component captures broader
aspects of physical health and mobility, encompassing the impact of comorbidities and age-related decline in
overall physical functioning (Selim et al., 2019). As such, a reduction in VR-12 physical score over time may
reflect deterioration in patient general health or the onset of new medical conditions unrelated to the hip
arthroplasty (Cole et al., 2025), while the preserved joint specific scores indicate the hip function itself
remained well maintained (Pulik et al., 2020). The stability of the VR-12 mental scores supports this
interpretation, suggesting that psychological wellbeing did not account for the observed change in physical
health status (Benyamini et al., 2025; Lynch et al., 2021). These findings highlight the importance of
interpreting generic and joint-specific PROMs in tandem to distinguish between prosthesis related outcomes
and broader health trajectories as patients age following hip replacement (Cole et al., 2025; Golinelli et al.,
2022). Patients receiving the Trident implant demonstrated significantly greater change scores from
preoperative to 1-year in all tools compared to those receiving the Rimfit. However, despite significantly poorer
baseline PROMs in the hybrid cohort, postoperative PROM scores were comparable between fixation groups,

indicating convergence of patient-reported outcomes at long-term follow-up.

Finally, although factors such as funding pathway, ASA classification, and BMI consistently influenced PROMs,
the explanatory power of the models remained modest (R? 0.08-0.31). This low power highlights an important
limitation of conventional comorbidity classification systems: They are too broad to capture specific conditions
that meaningfully influence pain, function, and mental health. More granular comorbidity data, particularly
related to chronic pain disorders, mental health conditions, metabolic disease, and social determinants, are

needed to advance PROMs research and improve equity-driven, patient-centred care.

A distinctive strength of this research lies in the use of a rich regional registry. Unlike national joint registries,
which often dilute local variation through aggregation, regional datasets provide a nuanced understanding of
population-specific strengths and inequities. In this context, the ability to track PROMs longitudinally within a
defined region allowed clearer identification of local disparities, cultural influences, and system-level factors

relevant to Maori and publicly funded patients. Such information would be obscured in nationwide analyses.

7.5. Conclusion

This study demonstrates that implant choice is unlikely the driver of outcome variation in this population.
Rather, preoperative health status and sociodemographic context shape postoperative recovery. Regional
PROM-rich registries are essential for revealing these patterns, which may be diluted in large registry data
analysis, and can guide more equitable and targeted improvements in arthroplasty care across NZ and serve as

a model internationally.
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7.6. Limitations

Several limitations should be acknowledged. External generalisability may be constrained, as findings reflect a
specific regional cohort. Heterogeneity between implant groups may have influenced comparisons, and
potential ceiling effects of the PROMs may have reduced sensitivity to detect clinical meaningful differences.
Residual and unmeasured confounding, including factors like surgical approach and rehabilitation adherence,
cannot be excluded. The broad comorbidity classification may not have fully captured disease severity, and the
modest explanatory power of the models suggest additional unmeasured factors likely contributed to

outcomes. As an observational study, casual inferences cannot be made.

Femoral head material and size were not evaluated as covariates in the survival analysis, and the distribution of
both varied between the cemented and hybrid cohorts. Cobalt-chromium was the predominant head material
in both cohorts; however, the proportion of ceramic heads differed, accounting for 15% of cases in the hybrid
cohort compared with 5% in the cemented cohort. This difference introduces a potential confounding variable,
as ceramic heads have been reported to produce modestly lower linear wear rates on cross-linked

polyethylene compared with cobalt-chromium heads, although this has not been shown to translate into a

significant difference in revision rate or functional outcome.
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Chapter 8. Summary and recommendations

Prelude: The preceding chapter demonstrated that differences in PROMs between hybrid and fully cemented
THA for OA in the region were most apparent in the preoperative period, with consistent patient-level factors
predisposing certain groups to poorer baseline scores. Across implants, preoperative PROMs were the

strongest predictor of postoperative PROMs, reinforcing the central importance of patient characteristics and

preoperative status in shaping recovery trajectories.

This Discussion chapter synthesises the findings of the Thesis, returning to the original research questions and
situating the results within the context of modern THA. It considers what was initially sought, what was
ultimately found, and how these findings refine current understanding of implant performance, patient-
reported outcomes, and survival beyond implant-level comparisons alone. The implications of these findings
are discussed in relation to patients, clinicians, and health systems, including policy makers and joint registries,
with particular attention to patient selection, expectation management, and interpretation of registry-reported
outcomes. The strengths and limitations of the Thesis are critically appraised, and key considerations for future
research are identified, particularly in relation to equity, preoperative optimisation, and the role of PROMs in

evaluating long-term success after THA in the Bay of Plenty region of NZ.
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8.1. General summary

This thesis aimed to evaluate long-term survival and PROMs following THA for OA, with a particular focus on
the performance of specific cemented and hybrid implant constructs and the influence of patient
characteristics and funding source on outcomes. Using national registry data and regional longitudinal PROM
data, this work sought to move beyond broad fixation categories and revision-based definitions of success,

towards a more implant-specific and patient-centred assessment of implant performance.

The systematic review (Part 1, Chapter 2) demonstrated that while THA for OA is widely regarded as a cost-
effective and successful intervention, there is moderate-to-high bias and very low overall certainty in evidence
of superior outcomes for cemented over hybrid THA due to few high-quality studies and the presence of
methodological heterogeneity (Pearce, Butcher, et al., 2025). Specifically, five studies addressed survival
outcomes (Bloemheuvel et al., 2022; Jamsen et al., 2014; Kandala et al., 2015; Makela et al., 2008; Pedersen et
al., 2014) and three studies reported PROMs (Nilsdotter & Lohmander, 2003; Norman-Taylor & Villar, 1997;
Onsten & Carlsson, 1994) for hybrid and cemented. Substantial heterogeneity existed between studies in
implant constructs, patient characteristics (particularly age), PROM tools, follow-up duration, and analytical
methods. Across the eight included studies, patient characteristics were rarely incorporated into analyses of
implant survival or PROM outcomes beyond restricted age-bands and sex in some cases. No difference in 10-
year survival between the two THA implants was identified, however, long-term studies of 15 and 16 years
indicated superior cemented survival outcomes. Included studies indicated no difference in short- to medium-
term PROMs with follow up of 1, 2, and 3.6 years at most (Nilsdotter & Lohmander, 2003; Norman-Taylor &
Villar, 1997; Onsten & Carlsson, 1994). There was a notable absence of long-term PROM data. All identified
studies were derived from European cohorts spanning several decades, limiting relevance to modern practice
and to health systems outside Europe. The limited adjustment for patient-level characteristics and the frequent
use of age-restricted cohorts highlight an important gap in the existing literature. This limitation is particularly
relevant given growing evidence that baseline patient factors strongly influence postoperative PROMs (Grits et
al., 2023; Harris et al., 2022; Pearce, Joshi, et al., 2025b; Robins et al., 2026), underscoring the need for
analyses using broader, more representative cohorts with comprehensive covariate adjustment. Overall, the
identified gaps highlighted the need for modern, implant-specific analyses using standardised methodology
and extended PROM follow-up, particularly outside of Europe with the inclusion of patient characteristics as
possible predictors of survival and PROMs. In this context, NZ joint registry and TOR data provided a unique
opportunity to examine survival and PROM outcomes within a defined healthcare system, while accounting for

patient and funding factors relevant to regional and national decision-making.

In the first section of Part 2, Chapter 3 used NZJR data to compare survival outcomes of an earlier generation
and modern cemented THA for OA to determine whether the successor implant was a suitable replacement
given not all implants perform equally (Wyatt et al., 2021). Both cemented THAs used identical cemented

stems but were implanted within different eras (2003 to 2013 and 2010 to 2023, respectively). There was no
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significant difference in 10-year survival outcomes between the predecessor and its successor cemented
implant despite temporal separation in their periods of use (Pearce, Joshi, et al., 2025a), substantiating it as a
suitable replacement for its predecessor. Both the predecessor and successor cemented THAs demonstrated
survival rates that exceeded 95% at 10 years, indicating durable outcomes consistent with 10-year performance
of NZ and international cemented THAs (Bissias et al., 2021; Clar et al., 2024; Kunutsor, Barrett, et al., 2019;
Kunutsor, Beswick, et al., 2019; Mékela et al., 2014; McKie et al., 2024). Survival outcomes were not affected by
age, sex, BMI, ethnicity, ASA rating, or funding source. These findings suggest that both the predecessor and
successor cemented THAs in the Bay of Plenty region of NZ provide robust survival outcomes across different
eras of surgical practice and patient cohorts over time. Both implants also demonstrated no 10-year difference
in reasons for revisions, with low dislocation (0.8%), infection (0.61%), and aseptic loosening (0.24%) rates
comparative to reported revision rates elsewhere (Kandala et al., 2015). The findings suggest that implant type
did not substantially influence underlying mechanisms of failure. From a clinical perspective, no significant

difference in survival indicates both designs are comparable in terms of stability and fixation durability.

In the second section of Part 2 (Chapter 4), long-term PROMs of the earlier generation cemented THA
implanted for OA from TOR registry data were examined over 15 years to establish a benchmark for
comparison use in Chapter 5 and Chapter 7, with particular emphasis on patient-level predictors of poorer
outcomes. OHS scores (0-48) identify hip specific pain and function outcomes higher values indicating positive
outcomes. WOMAC score (0-96) identifies more detailed function, stiffness and pain for osteoarthritis with an
aim for lower scores. VR-12 scores indicate health related quality of life in both physical and mental health
domains with population standardised score of 50 + 1SD for each. This analysis confirmed excellent PROMs
(OHS >41) in this earlier generation cemented THA up to 10 years and very good PROMs (OHS >34) up to 15
years based on OHS thresholds (Kalairajah et al., 2005). The findings from Chapter 4 indicate long-term,
consistent, and positive PROM outcomes from the earlier generation cemented THA (Pearce, Joshi, et al.,
2025b). Sex and funding source significantly influenced all preoperative scores (OHS, WOMAC, VR-12 physical,
VR-12 mental), with BMI also influencing preoperative OHS and WOMAC scores. Females, public funding, and
greater BMI were significant predictors of poorer preoperative PROMs. Preoperative PROMs were identified as
the most influential predictor of all postoperative scores. Older age at surgery and higher ASA rating also
significantly contributed to poorer postoperative physical function (WOMAC, VR-12). These findings reinforce
the importance of not only considering the effect of implant type on outcomes, but also the effect of patient
characteristics and funding source on preoperative scores, which significantly influence postoperative scores
(Appiah et al., 2023; Orr et al., 2022). Ethnicity was not identified as a predictor of PROMs; however, only 3.5%
and 4.5% of THA patients identified as Maori or of ‘Other’ ethnicity in the registry, reducing statistical power
and robust inferences. Considering Maori represents 29% of the Bay of Plenty region, and 17% of the NZ
population, uptake of surgery by Maori is relatively poor (Maori Population estimates: At 30 June 2022).
Patients with poorer preoperative PROMs may require additional preoperative support, encompassing both

functional and mental health strategies to improve postoperative outcomes. Patients presenting with older age
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at surgery and/or higher ASA ratings may require additional postoperative support. Further investigation into

mechanism for additional support in these identified groups are needed for this region of NZ.

In the third section of Part 2, Chapter 5 extended this work by using TOR registry data to compare 10-year THA
PROMs of the modern cemented THA with those of the early generation cemented THA, hence comparing the
successor cemented THA to its predecessor.-Only one study has previously directly compared outcomes of
these two cemented THA for osteoarthritis up to 5 years postoperatively, but with both THAs using a rim cutter
device. No significant differences in OHS and Harris hip scores between the two were noted (vanWinterswijk et
al., 2017). This identified a gap in long-term PROMSs comparison of the modern cemented THA and its early
generation predecessor. Rather than a 15-year observation, it was only possible to assess up to 10 years due to
the successor implant’s reduced time in circulation. Within each THA cohort, there were no significant
difference between 1, 5, and 10-year postoperative PROM scores, indicating stability of outcomes over 10 years
for both implants. Both THAs demonstrated excellent OHS PROMs based on established thresholds (Kalairajah
et al,, 2005), and no significant difference in physical PROMs (OHS, WOMAC, and VR-12 physical) between
implants up to 10 years. This finding indicates positive physical outcomes for both cemented THAs that are
sustained over a 10-year period, despite differing implantation eras. Significantly poorer mental quality of life
(VR-12 mental) preoperatively and at 1 and 5 years in the earlier generation cemented THA was noted. This
result may reflect differences in baseline psychological profiles or early postoperative experiences between
groups (Aspari & Lakshman, 2018). However, at 10 years, there was no longer any significant difference in
mental quality of life scores. In line with findings from Chapter 3, poorer baseline PROMs were again identified
as a significant predictor of poorer postoperative PROMs in both THA groups. The same patient and funding
factors identified in the 15-year predecessor study (female sex, public funding, and greater BMI) were also
associated with poorer outcomes in the successor implant. In addition, ASA 3 rating was identified as a
significant preoperative predictor of poorer baseline PROMs, suggesting that comorbidity burden may
significantly impact outcomes. The concordance across implants strengthens the evidence that patient factors,
in addition to implant design, play a central role in determining long-term outcomes following THA. With both
survival and PROMs of the earlier generation and modern cemented implants showing no significant
differences in long-term outcomes, the Thesis progressed to comparing the survival outcomes of the modern

cemented THA with a modern hybrid THA.

The first section of Part 3 (Chapter 6) analysed NZJR data to compare 10-year survival of the modern cemented
and hybrid THAs, expecting that hybrids would demonstrate superior outcomes given it now represents a
substantial proportion (45%) of THAs in NZ (McKie et al., 2024). Significant differences in patient characteristics
were observed at baseline between the cemented and hybrid THA groups, with the hybrid group exhibiting a
younger mean age at surgery, a greater BMI, and a higher proportion of male, Maori, and publicly funded
patients. While crude Kaplan-Meier analyses suggested superior survival in cemented (97.0%) than hybrid
(95.9%) reaching statistical significance, this difference was no longer significant after propensity-weighted Cox

regression was applied to account for the differences in patient characteristics.-These findings challenge
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assumptions that hybrid fixation results in better survival outcomes. There were no significant patient or
funding predictors of survival outcomes. Having explored survival outcomes between the modern cemented
and hybrid THAs, the Thesis moved to comparing PROMs between the implants as complementary indicators

of success in THA for OA.

The second section of Part 3 (Chapter 7) therefore evaluated PROMs up to 10 years for the modern cemented
and hybrid THAs from the TOR registry. Similar to the NZJR analysis, significant differences in patient
characteristics between the cohorts were identified. Hybrid patients were more likely to be funded publicly and
exhibited a younger mean age at surgery, greater mean BMI, and higher proportion of males and Maori
compared to the cemented THA patients. Hybrid THAs reported significantly poorer baseline PROMs across
tools, likely reflecting differences in underlying patient case-mix rather than implant-related factors. Hybrid
fixation was more frequently used in patients with higher BMI and in Maori, male, and younger patients.
Postoperatively, no significant differences in PROMs were noted between the cemented and hybrid cohorts at
1, 5, and 10 years, except where the hybrid VR-12 physical score at 1-year was significantly better than the
cemented, and the 10-year cemented VR-12 mental score was significantly better than the hybrid. The lack of
significant differences between implants over time may partly reflect ceiling effects of the PROM instruments
used, whereby postoperative scores approach the upper limits of the scale, limiting the ability to detect further
improvement or between-group differences. Nevertheless, the convergence of postoperative scores also
suggests that both the cemented and hybrid THA were effective in improving PROMs, even among patients
with poorer baseline PROM scores and health status. These findings reinforce the importance of considering
both baseline PROMs and change scores when interpreting postoperative outcomes in observational cohorts.
Regression analysis identified the same factors as significant predictors of baseline PROMs (funding, sex, and
ASA rating), with the addition of ethnicity for VR-12 mental preoperative PROMs. Public funding, female sex,
ASA 3 rating, and Maori were significant predictors of poorer preoperative PROMs, and poorer preoperative
PROMs, increased age at surgery, and greater BMI were significant predictors of poorer postoperative PROMs.
This Chapter, consistent with Chapters 4 and 5, demonstrated that postoperative outcomes in THA are
influenced predominantly by preoperative scores, health status, and funding source rather than fixation type.

The key findings from Part 2 and Part 3 that relied on the TOR and NZJR data are summarised in Table 36.
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Table 36. Summary of key findings per Thesis chapter

Thesis

Aims

Findings

Part 2, Chapter 3

Ten-year survival comparison
of two cemented implants in
primary total hip arthroplasty
for osteoarthritis (NZJR)

Compare survival outcomes of
an earlier generation and
modern cemented THA.

Identify if patient
characteristics, funding source
and/or implant type were

predictors of survival outcomes.

No significant difference in survival between modern (97.9% [95.9, 98.2]) and
early generation (95.6% [93.4, 97.9]) cemented THA for OA.

Both cemented THAs demonstrated superior survival than broad category
cemented implants in NZ (94.8%) recorded by NZJR.

No patient characteristics or funding factors investigated significantly predicted
survival outcome.

No significant difference in reasons for revision between cemented THA
implants.

Despite different eras, both cemented THAs provide lower revision risk than
the recommended benchmark of <5% at 10 y.

Part 2, Chapter 4

PROM outcomes up to 15
years of an early generation
cemented THA (TOR)

Determine a benchmark for
long-term cemented PROMs.

Identify if patient
characteristics and funding
source were predictors of long-
term PROMs.

Significant improvements in baseline PROMs noted 1-year postop, maintained
at 5, 10, and 15y.

Provided excellent PROMs (OHS >41) up to 10 years and very good scores (OHS
>35)upto 15y.

Significant predictors of poor baseline PROMs were public funding, female sex,
and greater BMI.

Poorer baseline PROMs, higher ASA rating, and greater age at surgery were
significant predictors of poorer postoperative PROM:s.

Low R? values indicated additional factors may influence PROMs.

Part 2, Chapter 5

PROM outcomes up to 10
years of early-generation and
modern cemented THAs (TOR)

Compare PROMs of the modern
cemented THA with its
predecessor to determine if it
represents a suitable
replacement.

Identify if patient
characteristics and funding

Significant improvement in baseline PROMs noted at 1y in modern cemented
THA that were maintained at 5 and 10 y.

No significant difference in physical function PROMs between cemented THAs
at any time point.

Modern cemented THA cohort exhibited superior mental health PROMs preop
and at 1 and 5 y postop, but no difference to early generation at 10y.

Predictors of poorer preop PROMS were consistent in both cemented THAs,
with the addition of ASA 3 rating in the modern cemented THA.
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source were predictors of long-
term PROMs

Predictors of poorer postop PROMs were consistent in the two cemented
THAs. Preop PROMs are the most influential predictor of postop PROMs.

In the modern cemented THA, Maori ethnicity was identified as an additional
significant predictor of poorer post PROMs.

Part 3, Chapter 6

Survival outcomes up to 10
years of modern cemented
and hybrid THAs (NZJR)

Compare survival outcomes of
an earlier generation and
modern cemented THA.

Identify if patient
characteristics, funding source
and/or implant type were

predictors of survival outcomes.

Hybrid THA survival (95.9% [94.7, 97.0]) was similar to the NZJR mean hybrid
(95.11%) survival rate at 10 y.

Crude analysis indicated significant survival differences, with superior survival
in hybrid than cemented THA.

After propensity weighting, no significant difference in survival between hybrid
and cemented was noted.

No significant patient characteristics or funding source predicted survival in
either the modern cemented or hybrid THA.

Part 3, Chapter 7

PROM outcomes up to 10
years of modern cemented
and hybrid THAs (TOR)

Compare PROMs between a
modern cemented and hybrid
THA.

Identify if patient
characteristics and funding
source were predictors of long-
term PROMs

Significant improvements in baseline PROMs were noted at 1y and maintained
to 10y postoperatively.

Baseline PROMs in the hybrid cohort were significantly poorer than the
modern cemented THA.

Physical HRQOL score was better in the hybrid cohortat 1y

Mental HRQOL scores were significantly better preoperatively and at 10y in
the cemented THA.

Predictors of poorer preoperative PROMS were consistent in both THA cohorts,
with the inclusion of ethnicity in mental preop scores in the hybrid THA.

Predictors of postoperative PROMs included baseline scores as the most
influential predictor, followed by greater age at surgery, and with the addition
of ethnicity in the hybrid THA.

Numbers in brackets represent 95% confidence intervals [95% Cl]

Abbreviations: HRQOL, health-related quality of life; NZJR, New Zealand Joint Registry; OHS, Oxford Hip score; postop, postoperatively; PROMs, patient-reported outcome measures; preop,

preoperatively; THA, total hip arthroplasty; TOR, Tauranga Orthopaedic Research Inc; y, years
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8.2. Synthesis

We hypothesised that hybrid THA would demonstrate superior implant survival and PROM outcomes
compared with cemented fixation, given it has become the predominant mode of THA in NZ, accounting for
approximately 45% of procedures, compared with fewer than 5% using fully cemented fixation (McKie et al.,

2024). Several important observations were identified throughout this Thesis.

8.2.1. Early generation and modern cemented outcomes

Comparing the early generation and modern cemented THA revealed no significant difference in 10-year
survival, with both implants exceeding the accepted 95% benchmark (Kandala et al., 2015). These findings
extend prior 5-year comparative outcomes (vanWinterswijk et al., 2017), which reported radiographic and
PROM results but did not evaluate survivorship, by demonstrating maintained performance at 10 years. To my
knowledge, this represents the only identified direct long-term survival comparison of these two cemented

implants in primary THA for OA.

The documentation of 15-year PROMs for the early generation cemented THA represents one of the first long-
term PROMs evaluations of this cemented implant, establishing a benchmark (Pearce, Joshi, et al., 2025b). This
implant demonstrated sustained excellent outcomes up to 10 years and very good outcomes up to 15 years
based on established OHS thresholds (Kalairajah et al., 2005). PROMs were stable across early, mid-, and long-
term follow-up, and predictors of both preoperative and postoperative scores were identified over time.
Furthermore, comparison with the modern cemented THA demonstrated no significant difference in 10-year
PROMs, with consistent predictors of outcome observed, supporting no functional difference between implant
generations. While derived from a single regional population, this study draws on a large cohort of over 1,600
patients treated within a consistent healthcare system, enhancing internal validity and supporting the

relevance of these findings to comparable settings.

8.2.2. Modern cemented and hybrid outcome comparison

Significant differences in baseline characteristics were observed between the hybrid and modern cemented
cohorts in the survival and PROMs analyses. These differences likely reflect both patient and system level
factors. The following section considers potential explanations for these disparities and their implications for

implant survival and long-term PROMs.

The composition of the hybrid cohort may in part reflect differences in surgeon decision-making and practice
patterns, which can influence both patient and implant selection. Such variation within orthopaedic practice
represents a recognised source of selection bias in observational cohort studies, as individual surgeons’
preferences and thresholds for operating may shape cohort composition beyond clinical indication alone
(Keding et al., 2019). For example, if one surgeon practices predominantly in the private sector and

preferentially uses cemented fixation, while others perform hybrid procedures primarily in public practices, the
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resulting cohorts may differ systematically according to surgeon practice rather than true differences in patient

characteristics.

In a UK national survey of 101 surgeons, 60% of surgeons surveyed would choose hybrid, 31% uncemented,
and 9% cemented THA implants. For patients 70 years or older, 55% of surgeons surveyed would choose
hybrid, 11% uncemented, 33% cemented, and 1% reverse hybrid. The most influential patient characteristics
involved in surgeon preference were patient age and activity level (Baji et al., 2025). The preferential use of
hybrid fixation in younger and male patients, as found in this Thesis, is commonly justified by assumptions
regarding superior bone stock, perceived biological advantages of osseointegration, and easier revision
(Lindgren et al., 2018). However, these rationales are largely based on biological constructs and surgical
convention rather than robust comparative evidence and have rarely been formally evaluated in long-term
outcomes studies (Howard et al., 2011; Lindgren et al., 2018). Clement et al. (2019) identified no significant
evidence to support the claim that younger patients benefitted from improved fixation using uncemented

acetabular cups.

Although the cohorts differed in baseline characteristics, no significant differences in implant survival or
postoperative PROMs were identified after adjusting for these differences using propensity weighting between
the hybrid and cemented cohorts in the Bay of Plenty region of NZ. The only significant difference was poorer
preoperative PROMs among patients receiving hybrid THAs, a finding that may be explained by the greater
representation of publicly funded patients in this cohort, who typically present with worse baseline PROMs

(Tynkkynen & Vrangbaek, 2018).

8.2.3. Survival outcomes

Although crude survival analysis identified differences between the hybrid and cemented THA cohorts, the
significance of this difference was no longer evident after propensity weighting. In weighted analysis, fixation
type did not drive meaningful differences in survival outcomes with both THAs demonstrating no significant
difference in long-term performance after accounting for patient characteristics and funding source. Despite
their proven durability, the use of fully cemented THA has declined to less than 5% in NZ (McKie et al., 2024),
Australia, UK, and USA (Paxton et al., 2019; Zhang, 2017). As differences between fixation types may emerge
beyond the first decade, examining outcomes beyond 10 years remains important to inform long-term implant

selection (Fowler et al., 2019; Pedersen et al., 2014).

Although uncemented acetabular fixation is often perceived to be easier to revise than cemented fixation,
largely because it does not require cement removal, there is limited empirical evidence directly comparing the
revision complexity between fixation methods (Fowler et al., 2019; Van Praet & Mulier, 2019). Cemented cups
are frequently described as technically demanding to revise when the cement mantle is well interlocked, with
removal potentially time-consuming and associated with additional bone loss (Stevens et al., 2018). Retained

cement fragments may complicate reaming and reconstruction, particularly when interdigitated with host
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bone. These factors contribute to a perception that cemented acetabular components may pose greater
technical challenges at revision. Conversely, others argue that cemented components may offer certain
advantages at revision. The cement-bone interface can be visualised and “debonded” facilitating controlled
removal (Maggs & Wilson, 2017). In cases where loosening has already occurred, polyethylene cemented cups
may occasionally be removed with the cement mantel, potentially limiting further bone loss (Judas et al.,
2015). In contrast, while some surgeons report that uncemented implants can be removed with minimal
collateral damage using appropriate techniques (Goplen & Munro, 2024), deep osseointegration, porous
coatings, and screw fixation may be associated with increased risk of bone loss (Goplen & Munro, 2024; Judas

etal., 2011).

In clinical practice, perceived revision difficulty appears to depend more on contextual factors than fixation
method alone, including bone quality, extent of osseointegration, prior surgical technique, and surgeon
experience(Chung et al., 2025; Zhang, 2017). Importantly, much of the available literature reflects surgeon-
reported experience rather than controlled comparative trials. Without robust evidence demonstrating
superior revision outcomes for either fixation type, shifts in utilisation patterns should not be driven solely by

perceptions of revision complexity.

8.2.4. Patient-reported outcomes

Extended survival, although an essential outcome, is not the only determinant of THA success. PROMs are an
important consideration in the overall success of THA. Poor quality of life, pain, and impaired function are also
indicators of poorer outcomes (Golinelli et al., 2022). Although observational studies are limited in their ability
to define causation, they can identify associations between risk factors and a response variable. This Thesis
identified significant improvements in PROMs at 1-year post surgery, and excellent scores based on OHS
thresholds (Kalairajah et al., 2005) consistent across the early generation, modern cemented, and hybrid THA
cohorts. These positive outcomes were maintained up to 10 years, reinforcing the value of these THA options
in Bay of Plenty OA populations. When comparing the modern constructs, preoperative PROMs were
significantly poorer in the hybrid compared to the modern cemented THA, yet postoperative PROMs in general
were not significantly different. As such, the improvement in PROM outcomes postoperatively can appear
superior if relying only on the change in scores from preoperative, but doing so may be misleading as does not

account for baseline differences and the ceiling effects inherent to PROM instruments (Harris et al., 2016).

8.2.4.1. Preoperative patient-reported outcomes
This Thesis identified that patient-specific factors and funding source influenced preoperative status. Public
funding, female sex, greater BMI, and higher ASA rating negatively influenced baseline PROM scores, consistent
with previous research (Onggo et al., 2020; Seddigh et al., 2021). These factors do not necessarily change the
revision risk or implant survival, but they set the trajectory for improvement by influencing where patients start
(Boyer et al., 2019). This finding recognises that disparities in PROMs begin before surgery, and not necessarily

after.
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Female sex was associated with poorer baseline functional and mental health scores, which may predispose
them to postoperative dissatisfaction (Jlni et al., 2010). Studies show that females are less likely to be referred
to a specialist, more likely to oppose surgery due to competing responsibility, and generally need more
information before deciding on surgery (Jini et al., 2010). Females are also likely to have higher rates of
depression, lower back pain, and comorbidities than males (Clement et al., 2020; Patel et al., 2020).
Consistent with our observations, Greene et al. (2021) identified that patients using public funding pathways
for THA report poorer PROMs than those in private settings. This observation may be due to increased wait
times; however, evidence is inconsistent (Hirvonen et al., 2009). Public patients may also be overweight with
higher comorbidity status (Tynkkynen & Vrangbaek, 2018). In NZ, Maori are more likely to be public patients
(Reid et al., 2022). Competing responsibility (prioritising work and family), disrupted mana?®, and systemic
abdication may explain their under-representation as THA patients (Bourke et al., 2023). Socioeconomic

deprivation may also represent potential sources of health inequity for Maori (Loring, 2022).

While indices such as ASA may be predictors of THA outcomes, they provide limited guidance for individualised
treatment as specific conditions influence recovery differently (Podmore et al., 2018). Several studies highlight
the value of documenting comorbidities in greater detail (Jamsen et al., 2013; Podmore et al., 2018; Reisinger
et al,, 2025). Hazard ratios are also affected by cardiac, endocrine, oncological, and mental health conditions in
both univariate and multivariate analysis (Jamsen et al., 2013). It may be beneficial for joint registries to record
more detailed comorbidity data and pursue future comorbidity data analysis to determine which specific

comorbidities may predict the poorest outcomes.

8.2.4.2. Postoperative patient-reported outcomes

In both cemented and hybrid THA cohorts across the Chapters of this Thesis, preoperative PROMs were the
single strongest predictor of postoperative PROMs, consistent with prior literature (Harris et al., 2022; Huber et
al., 2019; Kim et al., 2017). This finding holds for both physical (OHS, WOMAC, VR-12 physical) and VR-12
mental health scores and is consistent across the timepoints of 1, 5, and 10 years. This Thesis further
demonstrates that age at surgery and ethnicity are independent predictors of postoperative PROMs, with older
age and NZ Maori associated with lower postoperative scores. Collectively, these findings indicate that patient-
level factors, rather than implant characteristics alone, meaningfully shape patient outcomes following THA.
For clinical practice, this finding supports the use of preoperative PROMs and demographic factors to identify
patients at higher risk of poorer outcomes, enabling a more realistic expectation setting, culturally responsive
care, and targeted preoperative support. From a systems perspective, these results reinforce the need to
include quality improvement efforts before THA, such as optimisation of mental health, addressing comorbidity

burden, and considering social context prior to surgery (Rogers et al., 2022).

3 Mana- Power, authority, or prestige; spec. (in Polynesian and Melanesian religions) an impersonal
supernatural power which can be associated with people or objects, and which can be transmitted or
inherited.
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8.2.5. Equity

In this Thesis, equity emerged as a central consideration in evaluating outcomes following THA. Female sex,
public funding, and Maori ethnicity were independently associated with poorer PROMs, identifying groups at
risk of less favourable PROMs. Although THA is regarded as an effective procedure, women, publicly funded,
and non-white patients are more likely to present with greater comorbidity burden, higher rates of
periprosthetic joint infection, and increased revision risk (Tucker & Mont, 2023). Importantly, disparities in
outcomes persist even within insured or managed care populations, indicating that differences in sex and
ethnicity are not fully explained by socioeconomic status (Okike et al., 2022). Sex, funding, and ethnicity-based
inequities in healthcare utilisation therefore have wide-reaching implications for both individual patients and

health systems (Stone et al., 2019).

Public funding status reflects broader systemic inequalities within the NZ health system. Publicly funded
patients experience poorer pain, function, and quality of life outcomes compared with private patients (Pearce,
Joshi, et al., 2025b; Snell et al., 2019). Despite increasing procedure volumes, publicly funded THA rates have
not kept pace with population growth (Harcombe et al., 2016), potentially exacerbating existing inequities in
access and outcomes. Maori patients demonstrated lower uptake of THA in this region, consistent with
national data and patterns in knee arthroplasty (Gleeson, 2023; McKie et al., 2024). A large NZ registry study
(2019, using 2005—2017 data on >53,000 hip replacements) found Maori had the highest age-standardised rate
of hip replacements, followed by European/others and Pacific, with Asian having the lowest rate (Lao et al.,
2019). Despite the same risk of being diagnosed with osteoarthritis, Maori are less likely to undergo THA and
TKA (Gleeson, 2023). Evidence suggests that providing support to address transport and financial barriers,
including home-based rehabilitation programmes, can promote equitable outcomes for Maori (Cate et al.,
2023). Maori patients also frequently present with poorer preoperative general health (Singleton et al., 2013),
likely to influence postoperative PROMs. A recent scoping review highlighted the need for Maori led research

into surgical disease, care pathways, and preoperative experiences for Maori (Rahiri et al., 2025).

While area-level deprivation indices have been associated with increased healthcare utilisation following THA
(Grits et al., 2022), geographic or deprivation-based measures were not included in this Thesis. This decision
was made to prioritise individual-level characteristics and funding pathway variables. 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 surrogate for socioeconomic status. Nonetheless, deprivation, funding status and
ethnicity are interrelated and future analysis incorporating validated deprivation indices may further clarify the
structural drivers of inequity. Systematic collection of baseline PROMs provides an opportunity to identify

inequities early and support equitable models of care. Expanding routine PROMs collection to include
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preoperative baseline PROMs within the NZJR would enable more equitable risk stratification, targeted

intervention, and evaluation of efforts to reduce disparity of THA outcomes.

8.2.6. Patient-reported outcome model variance

Although patient characteristics and funding sources significantly influenced PROMs, the models explained
only a modest portion (between 7 and 34%) of the variance. There are many factors affecting long-term pain,
function, and satisfaction that were not quantified in this Thesis, such as smoking status (Ehnert et al., 2019;
Matharu et al., 2019; Yue et al., 2022), activity level (Reine et al., 2022), medication use (Nguyen et al., 2016),
postoperative rehabilitation, social determinants of health (Stisen et al., 2024), and deprivation index (Dubin et

al., 2024; Gordon et al., 2025).

Smokers are reported to exhibit lower preoperative scores compared to non-smokers (Khan et al., 2009;
Matharu et al., 2019), show a greater decline in PROMs (Hesseling et al., 2019) particularly between 6 months
and 1-year (Yue et al., 2022), and exhibit an increased postoperative use of painkillers and anti-inflammatories
(Khan et al., 2009). Patients who use narcotics prior to THA may be more likely to suffer from opioid-induced
hyperalgesia after surgery and have worse clinical outcomes. When possible, efforts should be made to use
other modes of analgesia or wean patients from their use prior to THA (Pivec et al., 2014). Patients with a
history of chronic opioid use who successfully decreased their use of opioids before surgery had substantially
improved clinical outcomes that were comparable to patients who did not use opioids at all (Nguyen et al.,
2016). Reine et al. (2022) noted both active and mildly active patients preoperatively achieved better absolute
outcomes following THA than non-active patients. Tailoring exercise rehabilitation for patients (Stisen et al.,
2024) and early rehabilitation lead to improvements in THA outcomes (Chojnowska et al., 2024). Education in
the perioperative period promotes guidance to perform rehabilitation exercises, improves hospitalisation
experience, increases participation in rehabilitation, allows early mobilisation, and increases functional
potential, altogether enabling faster reintegration into society (Nicolau et al., 2022). These preoperative factors
are important to document, as they influence both short- and long-term outcomes in THA. Collecting this
information allows for risk stratification, personalised rehabilitation and pain management, and more accurate

interpretation of baseline PROMs. PROMs are essential, not optional, for understanding outcomes.

8.2.7. Cost effectiveness

The lack of significant differences in survival and postoperative PROM outcomes raises questions about the
relative value of hybrid components in the context of cost effectiveness. Indeed, the absence of demonstrable
survival or PROM advantage for hybrid over cemented fixation has economic and policy implications,
particularly cost implications. Cemented prostheses often have the lowest upfront cost (Pennington, Grieve,
Sekhon, et al., 2013) and are less expensive than hybrid ones (Van Praet & Mulier, 2019). Many models show
lower lifetime costs for cemented THA when revision and utility outcomes are considered, although hybrid

implants may be more cost-effective in some age groups if they deliver superior quality-adjusted life years
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(Pennington et al., 2015). Implant survival alone is an incomplete measure of success, as patients may
experience persistent pain or functional limitation for years without undergoing revision, generating real but
often unmeasured costs to patients and health systems. In this context, higher implant cost cannot be justified
without corresponding improvements in patient-centred outcomes or reductions in downstream healthcare
utilisation. The widespread adoption of hybrid fixation appears to have preceded the availability of robust long-
term PROM data, highlighting how surgical practice may evolve in response to training norms (Ryan et al.,
2022), perceived innovations (Sharkey et al., 1999; Wasterlain et al., 2017), and market forces/vendors (Burns
et al., 2009) rather than outcome-based evidence. The Thesis findings support a more critical appraisal of
implant value and underscore the importance of integrating PROMs alongside survival when evaluating fixation

strategies at a population level.

Cemented THA is a highly mature technology with excellent long-term survival, leaving limited scope for
further measurable gains in pain, function, or quality of life. Any theoretical biological or biomechanical
advantages of hybrid constructs may therefore be insufficient to translate into meaningful patient-perceived
benefit, particularly given the ceiling effects observed in commonly used PROMs (Harris et al., 2016). In
addition, hybrid fixation was preferentially used in younger patients with poorer baseline PROMs in this Thesis,
creating the appearance of greater postoperative improvement despite similar end-state outcomes. Once
baseline status was accounted for using weighted analytic approaches, outcome trajectories converged,
reinforcing the conclusion that fixation method did not materially influence patient-reported recovery.

The results of the three PROMs studies (Chapter 4, 5, and 7) underscore the critical value of regional PROMs-
rich registries in identifying predictors of poorer PROMs to support more equitable, contextually informed
arthroplasty care. Collectively, these findings suggest that when specific implant constructs are examined and
patient characteristics appropriately accounted for, both cemented and hybrid THAs can deliver excellent long-
term survival and PROMs. Differences in outcomes appear more strongly driven by patient-level factors than by

fixation strategy alone.

Although this Thesis cannot conclude that cemented THA is superior to hybrid, the findings challenge the
assumption that modern hybrid THAs confer improved survival or PROMs compared with well-performing
cemented constructs. It is acknowledged that this Thesis did not test “cemented versus hybrid” as broad
categories but tested specific modern implant constructs. Furthermore, the population examined has distinct
patient selection, funding, and demographic patterns. Rather than limiting generalisability, the distinct
characteristics of the NZ population provide an opportunity to examine implant performance in patient groups

often under-represented in clinical trials.
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8.3. Implications

8.3.1. Patients and communities

For patients, the findings from this Thesis are important as revision surgery represents only one dimension of
success following THA. Many patients may live for years with persistent pain, functional limitation, or reduced
quality of life without undergoing revision (Cheng et al., 2025). Outcomes are invisible when implant survival is
the sole measure of success. No significant survival differences between implants does not necessarily equate
to equivalent patient experience. This work matters to patients because it focuses on outcomes that reflect
lived experience rather than technical success alone. Patients care about how they feel, not what implant they
have. Patients do not experience “hybrid fixation” or “cemented fixation”. They experience pain, mobility, and
ability to work, parent, sleep, and participate in life. More expensive and more commonly used implants do not
necessarily make patients feel better. Many patients may be labelled as “success” despite ongoing pain,

stiffness, or poor mental wellbeing when revision is the only outcome considered.

Implant choice can affect access and equity. Healthcare budgets are finite. If money is spent on more expensive
implants without clear benefit, it is not spent on reducing waiting times, rehabilitation, or support for high-risk
patients. Patients are often reassured with claims that “this is a better implant”, however, their sex, ethnicity,
baseline pain and function, comorbidities, mental health, and social context matter more than fixation strategy.
True informed consent requires honest discussion of likely outcomes based on evidence, not marketing
narratives. Patient characteristics, including baseline function, exert a greater influence on postoperative
experience than fixation strategy, underscoring the need for personalised decision-making and equitable
allocation of healthcare resources. Patients deserve treatments that improve how they live, not just how long
an implant lasts. The promotion of early engagement and education about OA management and surgical
pathways to reduce late presentation with more advanced disability may improve uptake (Nicolau et al., 2022).
Expanding culturally appropriate preoperative optimisation (both physical and mental) (Rahiri et al., 2022) and
shared decision-making resources (Rahiri et al., 2025), especially targeted to publicly funded, female, and

Maori patients, may begin to address the inequity seen in this Thesis.

8.3.2. Clinicians

For surgeons, survival is not the only outcome to determine success of primary THA for OA. Systematically
incorporating preoperative PROMs into clinical consultations may guide realistic expectations and assist in
tailoring prehabilitation (van Koningsveld-Couperus et al., 2025). Using preoperative PROMs to triage patients
and personalise care pathways (e.g., enhanced rehabilitation or psychosocial support for low baseline scores)
may address modifiable needs without compromising timely access to surgery (Kim et al., 2017). Although
informative, the reporting rate of PROMs within the NZJR is not powerful enough in terms of total THA
population representation to perform comprehensive subgroup or regional comparisons. Baseline PROMs are
currently not recorded in the registry, although the 2024 report mentions introducing their capture in the

future (McKie et al., 2024). Given that this Thesis demonstrates baseline PROMs predict postoperative PROMs,
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and that poor PROMs at 1 and 2 years are associated with increased revision risk (Ackerman et al., 2024;
Enequist et al., 2018), baseline PROM collection should be introduced to the NZJR as a matter of urgency.
Patient factors are important to consider when providing primary THA for OA. While no significant differences
in postoperative PROMs were identified between the hybrid and cemented THA cohorts in general, patient
characteristics and funding models are reported to influence timing of surgery, not captured in this Thesis.
Public patients (Pilc et al., 2025), females (Mannion et al., 2015), and individuals with greater BMI (Mukka et
al., 2020) and higher ASA present later, wait longer, and begin at worse baseline function (Golinelli et al., 2022).
These aspects contribute to prolonged pain and disability, reduced work participation, greater psychosocial
burden, and higher preoperative risk. The complexity and risk associated with THA surgeries increase with
higher BMI and ASA ratings, being associated with longer operative times, higher complication risks (Bonnefoy-
Mazure et al., 2025; Matar et al., 2020), and increased resource use, physiotherapy needs, and readmissions

(Girardi et al., 2019) postoperatively.

Higher BMI and comorbidity burden influence surgical complexity, affecting case planning, implant selection,
and preoperative optimisation strategies (Bonnefoy-Mazure et al., 2025). Funding and service delivery models
may also shape the extent to which preoperative optimisation is feasible, including weight management or
pharmacological modification. Although THA is clinically effective across diverse patient groups, access to
timely surgery is not always equitable. Implant selection alone cannot compensate for structural inequities in
access. When surgery is delayed, patients form disadvantaged groups may experience further functional
decline, increased pain, and worsening comorbidity before receiving treatment. While these challenges reflect
broader system-level factors, surgeons remain key stakeholders within this landscape, as their decision-making,

advocacy, and engagement with optimisation pathways influence outcomes of equity of care.

8.3.3. Health systems and policy makers

The Thesis findings that higher BMI, greater comorbidity burden, public funding status, and female sex predict
poorer preoperative PROMs has implications beyond individual patient outcomes. Firstly, these variables
reflect differences in baseline disease burden at the point of surgery, which in turn influence service
complexity, resource utilisation, and funding adequacy (Blashinsky et al., 2025; Orr et al., 2025). Patients
entering surgery with greater functional impairment may require more intensive preoperative support (Bills et
al., 2024), longer theatre time, more complex anaesthetic management, increased allied health input
(Bonnefoy-Mazure et al., 2025), and extended hospital stay (Hirani et al., 2025). Even where survival and
revision rates are not significantly different, the pathway to achieving these outcomes may be more resource
intensive. Hospitals serving higher proportions of these patients may therefore deliver comparable technical

outcomes at greater operational cost.

Secondly, the association between public funding status and poorer baseline function suggests structural rather

than biological drivers. This finding has policy relevance. If funding allocations are tied primarily to procedural
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volume or revision rates alone, they may fail to account for variation in baseline burden. Services treating
populations with higher preoperative disability risk being under-resourced relative to case complexity.

Thirdly, sex-based differences in baseline PROMs raise questions about symptom recognition, referral
pathways, and prioritisation processes. Female patients consistently presenting with poorer functional status at
surgery may reflect systemic differences in access and referral pathways (Borkhoff et al.; Chi et al., 2024),
biological differences (Call et al., 2025), or the threshold for decision making (Borkhoff et al.). These are
relevant considerations, as they point to upstream behaviour and understanding rather than implant
performance. For policy makers, the implication is that performance frameworks should consider incorporating
baseline PROM severity into benchmarking and funding models. Adjusting for preoperative burden may allow
more accurate assessment of service performance and fairer allocation of resources. Without this moderation,
hospitals serving higher-risk populations and communities may appear equivalent on paper while absorbing
greater hidden complexity. In summary baseline PROM disparity is not simply a clinical observation, it has
implications for funding equity, workforce planning, service design, and how health systems define and

measure fairness.

Another central finding of this Thesis is that preoperative PROMs are the strongest predictor of postoperative
PROMs. Baseline functional status is therefore not simply a descriptive characteristic; it is a determinant of
outcome trajectory. Patients who enter surgery with greater pain, disability, and functional limitation are less
likely to achieve equivalent postoperative scores, even when implant survival is comparable. If baseline PROM
severity drives postoperative PROM outcomes, then disparities present before surgery are likely to persist after
surgery. Incorporating PROM informed prioritisation, baseline adjusted performance metrics, and risk-adjusted
funding models may better align service planning with patient need. In this context, equity cannot be defined
solely by revision rates or implant longevity, it must also consider who reaches surgery, in what condition, and

how baseline status shapes achievable outcomes.

Some recommendations for improving disparity include developing integrated preoperative optimisation clinics
(multidisciplinary: physiotherapy, exercise physiology, weight and comorbidity management, mental health,
social work) prioritised by PROMs risk; as well as using regional PROMs dashboards within the NZJR to allow
hospitals and health boards to monitor equity and outcomes. This prioritisation may in turn inform service
planning, resource allocation, and consider funding models that incentivise outcome improvement (PROMs-

informed quality metrics) rather than procedure volume alone.

8.4. Recommendations

To improve THA equitably, emphasis should move toward a deeper understanding of the patient’s preoperative
context. This understanding requires support for enhanced data linkage between the NZJR and primary care,
mental health, pharmaceutical, and social service datasets to identify upstream drivers of outcome variations
and evaluate targeted interventions. Investment in population-level OA prevention and chronic disease

management is also needed to reduce inequities entering surgical pathways. Regional PROM-rich registries are
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uniquely positioned to support this shift by identifying local inequities, informing targeted care pathways, and
measuring the impact of upstream changes over time. However, translating registry insight into meaningful

action will require data enrichment, including greater comorbidity granularity, capture of social determinants
of health, and pain phenotype characterisation. It is also recommended to embed PROMs-triggered pathways

within clinical decision-making and funding systems.

The below proposed recommendations to the NZJR may address the key limitations identified in this research:

1. Sociodemographic, regional and access factors may meaningfully shape baseline status, but are not
routinely collected. Include baseline collection of PROMs as a standard.

2. Broad comorbidity categories obscure condition-specific influences on PROMs. Classify comorbidity
into specific categories, including but not limited to, cardiac, endocrine, neurological, mental health,

3. Mental health and socioeconomic factors can affect PROMs trajectories yet remain unmeasured.
Include NZ Individual Index of Deprivation as a marker of socioeconomic status.

4. Routine collection of additional predictors other than patient characteristics that may affect THA
outcomes to determine significance of these predictors to poorer outcomes, such as smoking, activity

level, and rehabilitation access/completion.

Together, these additions may substantially enhance the registry’s ability to interpret outcomes, identify
inequities, support regionally targeted interventions, and inform national policy. See appendix R for detailed

joint registry recommendations.

8.5. Strengths and limitations

Strengths and limitations have been addressed within each chapter of this Thesis; however, their implications
are best considered collectively in interpreting the findings. Table 37 provides a chapter-by-chapter summary,
highlighting how methodological decisions, data sources, and analytical approaches shaped the overall

interpretation of findings across the Thesis.

A major strength of this study is its population-based cohort design, capturing real-world regional data that
enhances external validity and relevance to community and health service planning. The inclusion of both
PROM s and survival outcomes within a single study provides comprehensive evaluation of THA from both
patient-centred and clinical perspectives. Statistical analyses were conducted with oversight from an
experienced biostatistician, enhancing methodological rigour and analytical transparency. Importantly, the
research was co-designed in partnership with the University of Waikato, the TOR group, and undertaken by an
interdisciplinary team comprising orthopaedic surgeons, allied health professionals (including a physiotherapist
and clinical exercise physiologist), statisticians, and academic researchers. This collaborative approach

strengthens clinical relevance, methodological robustness, and translational potential.
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For the specific implants investigated in this Thesis, over a 20-year period, ~83% of patients within the TOR
registry reported at least one PROM score in each of the three PROM s tools, reflecting high data integrity and
minimising response bias. The richness of the dataset enabled robust multivariable modelling and subgroup
analyses, including the exploration of equity-related differences. Comprehensive regional registry data offer
unique explanatory power in a PROMs context. A key thread of this Thesis is the importance of regional
context. Regional PROMs datasets give more meaningful interpretation of population disparities. National
registries often smooth over these nuances. Surgeons value hyper-local information that reflect their actual

patient mix.

This study was conducted using national registry data from the Bay of Plenty region of New Zealand, and
findings may not be directly generalisable to other healthcare systems or populations with different patient
characteristics, surgical indications, funding structures, or access to revision surgery. Differences in age
distribution, comorbidity burden, socioeconomic factors, and thresholds for revision may influence both
survival and PROMs internationally. The patterns observed in this study should be considered hypothesis-

generating rather than definitive for other settings.

Limitations include residual confounding, era effects, and ceiling effects in PROMs. Survival analysis is limited
due to the small number of events. Surgeons determine whether patients are suitable for surgery, which
introduces selection bias. Peer-reviewed evidence indicates that surgeons differ substantially in their decision-
making and practice patterns, leading to variation in which patients are selected for surgery and the types of

procedures performed (Keding et al., 2019).

A further limitation relates to potential surgeon-level decision bias in the choice of revision construct. Surgeons
may have preferentially selected cemented or cementless components for revision based on perceived case
complexity, bone stock quality, or familiarity with a given fixation method, rather than this choice being
randomly distributed across patients. This introduces the possibility that apparent differences, or lack thereof,
in revision outcomes between fixation types partly reflect surgeon preference and case selection rather than a
true effect of the implant itself. Relatedly, this study is limited by reliance on revision surgery as a proxy for
treatment failure. Not all complications meeting clinical or radiographic criteria for "failure" result in revision:
dislocations managed successfully with closed reduction alone, and periprosthetic fractures treated with
fixation rather than component exchange, would not appear in our revision-based outcome data. As a result,
our reported rates of dislocation and periprosthetic fracture likely underestimate the true incidence of these
complications, and the denominator used to calculate revision rates may not capture the full burden of

fixation-related morbidity in this cohort.

A potential source of bias relates to the asymmetry in revision options available for the two fixation modes
following dislocation. In the cementless cohort, a well-fixed but malpositioned or unstable shell can often be

managed with a comparatively minor procedure; isolated liner or head exchange without removal of the
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osseointegrated shell; whereas no equivalent minor revision option exists for a cemented cup, where
management of recurrent dislocation typically requires either non-operative measures or full cup revision with
cement removal. This asymmetry may have introduced a surgeon-level threshold bias, whereby dislocation in
the cemented cohort was more likely to be managed conservatively rather than surgically, potentially

underestimating the true revision rate for dislocation in this group relative to the cementless cohort.

Preoperative and postoperative PROMs values as categorical variables were not included as predictors of
implant survival meant categorising subgroups for comparison reducing degrees of freedom, increasing
possibility of overfitting, and reduction of the event to predictor ratio, thus increasing Type Il error probability.
Only OHS scores have published thresholds for categorisation; thus, further research is needed to establish
categorisation thresholds for other PROMs. Future research and the conclusion of this Thesis follow the final

table of strengths and limitations (Table 37).

Femoral head material and size were not evaluated as covariates in the survival analysis, and the distribution of
both varied between the cemented and hybrid cohorts. Cobalt-chromium was the predominant head material
in both hybrid and modern cemented cohorts; however, the proportion of ceramic heads differed, accounting
for 15% of cases in the hybrid cohort compared with 5% in the cemented cohort. This difference introduces a
potential confounding variable, as ceramic heads have been reported to produce modestly lower linear wear
rates on cross-linked polyethylene compared with cobalt-chromium heads, although this has not been shown
to translate into a significant difference in revision rate or functional outcome. The predominant head sizes

were 28 and 32 mm.
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Table 37. Chapter and Thesis strengths and limitations

Thesis

Strengths

Limitations

Part 1, Chapter 2

Outcomes of cemented and
hybrid primary total hip
arthroplasty for osteoarthritis: A
systematic review with narrative
synthesis.

Adhered to the structure and reporting
guidelines of PRISMA

Comprehensive systematic review of peer-
reviewed literature for hybrid and
cemented THA for OA outcome
comparison

Identified evidence gaps in outcome
comparison between hybrid and cemented
THA for OA

Quality is constrained by included studies.
Heterogeneity limited the interpretability

Studies with null or negative findings may be
unpublished

Evidence is dated and may not reflect current practice
Cannot account for residual confounding or selection

bias. Excluding non-English studies or grey literature
may introduce bias

Part 2, Chapter 3

Ten-year survival comparison of
two cemented implants in
primary total hip arthroplasty
for osteoarthritis (NZJR)

93% of both cohorts' surgeries were
performed by the same surgeon limiting
select confounding factors

Entire population analysed rather than a
subsample

First study of survival comparison between
the predecessor and its successor implant
outside of a design centre

Observational nature of the study precludes causal
inferences

Low number of revision events

Potential confounders were not fully accounted for,
such as surgical approach, intraoperative technique

Relatively small sample sizes made subgroup analyses
less powerful for Maori, other ethnicities, patients

<55years, and individuals with greater BMI

Femoral head size and material were not included as
covariates

Surgeon decision making may bias decision to revise
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Part 2, Chapter 4

Fifteen-year patient-reported o 90% of surgeries performed by one e Observational nature of the study precludes causal
outcomes of a cemented surgeon performed in the same three inferences
flanged cup and stem hospitals limiting select confounders
combination in primary total hip e Relatively small sample size due to extended time
arthroplasty for osteoarthritis o Population-based cohort (n = 263) period to 15 years, with smaller subgroups
(TOR)

. High PROMSs completeness and data e Residual and unmeasured confounding (surgical

richness (73%) approach, rehabilitation adherence)
. Explored four WOMAC subcategories ¢ Modest explanatory power of models

o First extended study of this implant outside e Broad comorbidity classification may not accurately
of a design centre reflect disease severity

e Missing funding and BMI data at the start of registry
establishment
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Part 2, Chapter 5

Ten-year patient-reported
outcome measure comparison
of two cemented primary total
hip arthroplasty implant
combinations for osteoarthritis
(TOR)

Population-based cohort rather than a
sample (n = 1365)

High PROMs completeness and data
richness (>80%)

Real-world regional data, relevance to
community and health service planning

Consistency of surgical practice, 90% THAs
by the same surgeons in three hospitals
limiting select confounders

Contemporary cohort, same implant era,
same surgical factors

Size of the dataset allowed exploration of
some subgroups

Observational nature of the study precludes causal
inferences

Low number of revision events

Residual and unmeasured confounding (surgical
approach, rehabilitation adherence)

Modest explanatory power of models

Broad comorbidity classification may not accurately
reflect disease severity

Femoral head size and material were not included as
covariates

Part 3, Chapter 6

Ten-year survival comparison of
a modern cemented and hybrid
primary total hip arthroplasty
for osteoarthritis (NZJR)

Population-based cohort (n = 2823)

Consistency of surgical practice, 90% THAs
by the same surgeons in three hospitals
limiting select confounders

First study of survival comparison between
the predecessor and its successor implant
outside of a design centre

Observational nature of the study precludes causal
inferences

Potential confounders were not fully accounted for
(surgical approach, intraoperative technique)

Small subgroup sizes and event numbers limit power
(Maori and other, <55 years, >40 BMI)

Femoral head size and material were not included as
covariates

Surgeon decision making may bias decision to revise
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Part 3, Chapter 7

Ten-year patient-reported
outcomes comparison of a
modern cemented and hybrid
primary total hip arthroplasty
(TOR)

Population-based cohort (n = 2331)

High PROMSs completeness and data
richness (>83%)

Real-world regional data, relevance to
community and health service planning

Consistency of surgical practice, 90% THAs
by the same surgeons in three hospitals

Contemporary cohort, same implant era,
same surgical factors

Size of the dataset allowed exploration of
subgroups

Heterogeneity between implant groups
Potential ceiling effects of PROMs

Residual and unmeasured confounding (surgical
approach, rehabilitation adherence)

Broad comorbidity classification may not accurately
reflect disease severity

Modest explanatory power of models, other factors of
influence

Femoral head size and material were not included as
covariates
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Overall Thesis

Outcomes of cemented and
hybrid primary total hip
arthroplasty for osteoarthritis: A
New Zealand regional study

Population-based cohort

Consideration of PROM and survival
outcomes in one study

High PROMs completeness and data
richness (>83%)

Real-world regional data, relevance to
community and health service planning

Consistency of surgical practice
Contemporary cohorts

Ability to examine equity and explore
subgroups

Statistician oversight of analyses
Co-design of research with TOR

Interdisciplinary team (orthopaedic

surgeons, allied health professionals i.e.

physiotherapist and clinical exercise
physiologist, statisticians, researchers)

Observational nature of the study precludes causal
inferences

Heterogeneity between implant groups
Potential ceiling effects of PROMs

Residual and unmeasured confounding (surgical
approach, rehabilitation adherence)

Broad comorbidity classification may not accurately
reflect disease severity

Modest explanatory power of models, other factors of
influence

Era differences

Missing patient involvement in the co-design of the
research

Femoral head size and material were not included as
covariates

Surgeon decision making regarding revision options
may be biased

Abbreviations:BMI, body mass index; NZJR, New Zealand Joint Registry; OA, osteoarthritis; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; PROMs,
patient-reported outcome measures; THA, total hip arthroplasty; TOR, Tauranga Orthopaedic Research Inc; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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8.6. Future research

Future research should expand upon this work by comparing commonly used uncemented THA implants with
hybrid and cemented constructs, incorporating both long-term survival and PROMs. Additional patient-level
predictors such as smoking status, physical activity and additional comorbidity detail should be included to
understand additional factors that may influence THA outcomes. Investigation of time from diagnosis to
surgery and disparity among publicly funded patients is warranted to clarify the impact of delayed access on
recovery, functional outcomes, and health equity. Dedicated research addressing lower utilisation among
Maori as well as gender-related differences in access and outcomes is needed to identify structural and cultural
barriers to care. Finally, future studies should move beyond revision as the sole indicator of success or failure,
incorporating broader surgical endpoints and patient-centred outcomes to more fully capture meaningful
failure following THA. Future studies would benefit from capturing all-cause complication data including non-
operatively managed dislocations and fracture fixations not requiring component exchange, rather than relying
solely on revision as the outcome of interest, in order to more accurately characterise the true burden of
fixation-related morbidity and reduce the influence of surgeon-level treatment selection on reported

outcomes.

8.7. Conclusion

This thesis evaluated implant survival and PROMs following a modern cemented and hybrid THA within a
regional NZ population. Across the two THA types studied, no significant difference was observed in survival or
PROMs. These finding challenge the assumption that hybrid constructs confer superior patient-centred benefit
and suggest that, within this context, fixation strategy does not independently determine functional recovery
of implant longevity. Importantly, while implant survival was not significantly different between the modern
cemented and hybrid THA and between patient subgroups, baseline PROMs consistently shaped postoperative
PROM trajectories. Preoperative PROMs were the strongest predictor of postoperative PROMs, and higher BMI,
greater comorbidity burden, female sex, and public funding status were associated with poorer baseline
PROMs. These findings indicate that functional outcomes after THA in this cohort, are influenced more strongly

by patient factors than by THA type.

The absence of survival or PROM advantage of the hybrid over the modern cemented THA, despite higher
utilisation and cost in many systems, raises questions about value-based decision making in arthroplasty. The
widespread adoption of hybrid THAs may reflect historical practice patterns, perceived technological
advantages, and selection effects rather than demonstrable superiority in patient-centred outcomes. In a high
performing cemented environment, the potential for measurable incremental benefit may also be limited.
This Thesis therefore demonstrates that, within this regional cohort, the modern cemented or hybrid THA did
not independently drive survival or PROMs, and that patient characteristics exerted a more substantial

influence on perceived recovery. Future work should prioritise national level baseline PROMs collection and
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interpretation, long-term PROM surveillance over 10 years, equity informed service planning and investigation

of possible additional outcome predictors.
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Supplementary tables

Supplementary Table 1. Detailed revision reasons and type of revision for the ECF (n = 17) in primary total hip
arthroplasty for osteoarthritis

Time period Revisions Revision reason g;)czf Revision type performed
Dislocation 2
Change of femoral head
0-1 year 3
Loosening Acetabulum (low grade infection) 1 Change of acetabulum
Periprosthetic fracture 2 Change of femoral stem
1-5 years 4 Dislocation 1 Change of acetabulum
Pain 1 Change of acetabulum and head
Change of acetabulum and head
Dislocation 3 Change of head
5-10 years 6
Infection ) Change of femur and acetabulum
Change of all
Pain 1 Change of all
Aseptic loosening- Acetabulum 2 Change of acetabulum and head
10-15 years 4 Aseptic loosening- Acetabulum and stem 1 Change of all
Periprosthetic fracture 1 Change of femur and head
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Supplementary Table 2. Descriptive statistics of preoperative patient characteristics for all observations of ECF primary total hip arthroplasty for osteoarthritis

Sex Funding Pathway Ethnicity
Men n =170 Women n =218 Public n=133 Private n = 255 NZEU n =350 Maorin =16 Othern =22
Variable Sample n= 388 (44%) (56%) (34%) (66%) (90%) (4%) (6%)

Age (years) mean + SD 71.30 £ 8.50 70.53 +8.09 71.91+8.79 71.58 £8.54 71.16 £ 8.51 71.65 +8.33 67.06 + 8.87 68.05 +10.25
BMI (kg/m?) mean + SD 28.09+4.78 28.21+3.46 28.00+5.61 28.59+4.21 27.91+4.97 28.03£4.89 30.72+£2.24 27.69 £3.55
ASA Grade T

| 59(15%) 25 (15%) 34 (16%) 14 (11%) 45 (17%) 54(16%) 2 (13%) 3(14%)

I 199 (51%) 82 (48%) 117 (54%) 57 (43%) 142 (56%) 183 (52%) 6 (37%) 10 (45%)

i 52 (14%) 26 (15%) 26 (12%) 27 (20%) 25 (10%) 46 (13%) 5(31%) 1 (5%)

\% 1(0%) - 1(0%) 1(0%) - 1(0%) - -

Not recorded 77 (20%) 37 (22%) 40 (18%) 34 (26%) 43 (17%) 66 (19%) 3(19%) 8(36%)

* Values are given as the number of patients, with percentage (number of patients divided by the total) in parentheses. Due to missing values, some categories do not equal the total number of patients for each column.

Abbreviations : ASA, American Society of Anesthesiologists Physical Status classification; BMI, Body Mass Index; NZEU, New Zealand European; SD, standard deviation.
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Supplementary Table 3. Poor Oxford Hip score (<27) Rimfit versus ECF in primary total hip arthroplasty for

osteoarthritis

Rimfit ECF p - value
Total 53 7 0.134
Age (years) mean + SD 71.6+8.3 749 +10.1 0.566
BMI (kg/m?) mean + SD 29.3+4.7 26.6+3.6 0.106
Sex, n
Male 20 3 1.00
Female 33 4
ASA, n
1 3 1 0.217
2 26 2
3&4 15 4
Missing® 9
Funding, n
Public 29 4 0.686
Private 14 3
Ethnicity, n
NZEU 44 7 0.580
Maori 9 0

Abbreviations: ASA, American Society of Anesthesiologists grading; BMI, body mass index; NZEU, New

Zealand European; SD, standard deviation

+ Missing values have not been included in proportion difference calculations

* Significance set at p < 0.05
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Supplementary Table 4. Poor Oxford hip scores (<27) Rimfit versus Trident in primary total hip arthroplasty for

osteoarthritis

Rimfit Trident p - value
Total 53 53 1
Age (years) mean = SD 71.6+8.3 68.09 +9.96 0.052
BMI (kg/m?) mean + SD 29.3+4.7 29.44 £5.84 0.892
Sex, n
Male 20 24 1
Female 33 29
ASA, n
1 3 4
2 26 28 0.825
3&4 15 21
Missing™ 9 -
Funding, n
Public 29 30
Private 14 5 0.037*
Missing™ - 18
Ethnicity, n
NZEU 44 41 0.649
Maori 9 12

Abbreviations: ASA, American Society of Anesthesiologists grading; BMI, body mass index; NZEU,

New Zealand European; SD, standard deviation

1 Missing values have not been included in proportion difference calculations

* Significance set at p < 0.05
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Abstract

Purpose To compare primary (implant survival and periprosthetic fracture rates, PPF) and secondary (patient reported out-
come measures, PROMs) outcomes of cemented and hybrid primary total hip arthroplasty (THA) for osteoarthritis.
Methods Four databases (PubMede, EBSCO, ScienceDirect”, and Scopuse) were searched (1 October 2023 and 15 Novem-
ber 2024) for original studies comparing cemented and hybrid primary THA for osteoarthritis. survival, PPF rates, and
PROM:. Included studies were assessed for risk of bias using the Quality in Prognostic Studies or RoB 2.0 tool, critically
appraised for strength of evidence using GRADE, and underwent a narrative synthesis. PROSPERO registration number
CRD42023462884.

Results Eight studies met criteria for review (7=357,748). Risk of bias was high for two, moderate for three, and low for
three studies. Quality of evidence was very low for both primary and secondary outcomes. Five studies met the criteria for
the primary outcome (survival) (»=257,756), two PPF rates (n=29,581), and three PROMSs (n=382). Three of five stud-
1es reported hybrid survival as not significantly different to cemented, and two identified cemented as superior. The three
PROMs studies reported no difference between cemented and hybrid THA. A lack of studies and comparative data made it
unfeasible to determine PPF outcomes.

Conclusion Few high-quality studies and methodological heterogeneity led to moderate to high bias and very low overall
evidence certainty. Eligible studies indicated no difference in short to medium term PROMs or 10-year survival between the
two fixations. Long-term studies indicated superior cemented survival outcomes. A substantial gap in long-term PROMs and
PPF rates is noted.

Keywords Hip replacement - Quality of life - Survival - Revision - Periprosthetic fracture

Introduction burden. As joint replacement surgeries increase, identifying

the most effective and durable treatment approach 1s essen-

Total hip arthroplasty (THA) is recommended for severe
primary osteoarthritis of the hip and 1s one of the most
frequent surgeries worldwide. Wang et al. [1] reported
606.5 million global osteoarthritis cases by 2021, highlight-
ing it as a major public health challenge due to its disability
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tial to ensuring quality of life. THA for osteoarthritis can be
performed with cemented (both femoral stem and acetabular
cup cemented), cementless (both stem and cup are cement-
less), hybrid (cemented femoral stem and cementless cup),
or reverse hybrid (cementless femoral stem and cemented
cup) implants. Controversy over fixation methods for THA
has been ongoing for decades, and there seems to be no con-
sensus on which fixation method provides optimal survival
and patient reported outcomes (PROMs) despite several
systematic reviews and meta-analyses on the topic [2-8].
Most of the reviews in this area exclusively focus on sur-
vival and revision rates [9-14], whereas it is recognised that
PROMs are an important consideration in establishing THA
success and promotion of patient-centred care [15, 16]. In
addition, certain of these reviews present methodological
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concerns where data from the same registry reported in dif-
ferent studies [4], systematic reviews or meta-analyses [4, 6,
8], and registry reports [4] alongside original research were
included in the analysis, biasing findings by duplicating data
analysed. Making inferences on the superionity of fixation
methods for THA outcomes specifically for osteoarthritis is
further challenged considering how several of these reviews
included additional hip pathologies as criteria for surgery
(e.g., lupus, systematic sclerosis, theumatoid arthritis) [2, 3,
5]; involved hemi-arthroplasty in addition to full THA [3];
limited their review to restricted age groups [5]; or failed
to specify whether stems were cemented or uncemented,
focusing only on acetabular fixation [2, 7, 8]. We identified
four reviews that included PROM comparisons as a second-
ary outcome to implant survival [2—4, 6], but only one of
these exclusively targeted osteoarthritis [4].

The use of cemented THA implants was first described
in 1891 and became more common from the 1950s [17].
Cemented THA has been identified as the most affordable
fixation method [2, 4, 18] and 1s often considered the “gold
standard™ [4], setting the bar that newer implants need to
surpass for widespread adoption. At the other end of the
spectrum, cementless THA is considered the most costly
fixation method [19] and 1s typically associated with poorer
outcomes [9, 10, 13] and higher revision and periprosthetic
fracture rates [20] than cemented. Hybrid THA, despite
costing more than cemented, may offer superior postopera-
tive quality of life [21] and function [22]. Consequently,
hybrid THA has been identified as the most cost-effective
replacement surgery [4] in all age groups and both sexes
[18], and hybrids with conventional polyethylene show a
survival advantage over cemented THA [23]. Consideration
of both surgical and patient-related measures in quantifying
success of THA, regardless of fixation method, 1s needed to
shift the focus from surgeon to patient-centred models of
care [24].

Given the identified gaps in the existing reviews com-
paring THA outcomes between fixation methods, this sys-
tematic review with narrative synthesis aimed to compare
both primary (revision and periprosthetic fracture rates)
and secondary (PROMs) outcomes between cemented and
hybrid primary THA for severe endpoint osteoarthritis. We
hypothesised hybrid THA would demonstrate potentially
superior primary and secondary outcomes to cemented THA
for patients with end stage osteoarthritis.

Methods
This systematic review with narrative synthesis forms part

of independent research supported by a PhD scholarship
award jomtly funded by Tauranga Orthopaedic Research

a Springer

and The Umiversity of Waikato. This review was designed
to meet the 2020 Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) reporting guidelines
[25] and was prospectively registered in the International
Prospective Register of Systematic Reviews (PROSPERO
identifier: CRD42023462884).

Review methods and inclusion criteria were specified in
advance. The primary outcomes of interest were survival
and/or revision rate and periprosthetic fracture (PPF) rate,
and secondary outcomes of interest included any physical
criteria PROMs, including but not limited to, the Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC), Oxford hip score, Harris hip score, Forgotten
hip score; as well as any mental health or lifestyle related
PROMs (HRQOL), such as Hospital Anxiety and Depres-
sion Scale, Short Form-36 item health survey (SF-36), and
Veterans Rand 12 item health survey (VR-12). Original,
peer-reviewed research articles published in English were
included, and spanned observational studies (prospective
and retrospective) and randomised control trials. We further
limited our inclusion criteria to studies evaluating outcomes
over a period of at least 1 year. Where multiple stud-
ies reported on the same/similar patient cohort, the study
with the longest follow-up was included to avoid duplica-
tion of data. Study population included adult patients with
end stage hip osteoarthritis who had been assigned a fully
cemented (cemented femoral stem and acetabular cup) or
hybrid (cemented femoral stem and cementless acetabular
cup) THA. Revision risk, hazard, mortality, and economic
evaluations; editorials; systematic reviews; meta-analyses;
joint registry reports; letters to the editor; and conference
abstracts were excluded. Studies including any condition
other than end stage osteoarthritis of the hip, revision out-
comes, hip resurfacing (henuarthroplasty) or bilateral THA
surgeries only were excluded. Studies that included fully
cementless (cementless femoral and cementless acetabu-
lar cup) or reverse hybrid (cementless femoral stem and
cemented acetabular cup) procedures were included when
comparisons were made between fully cemented and hybrid
THA within the study. A strength of our inclusion criteria
ensured that the same dataset was not featured multiple
times in different studies thereby inflating results.

Four electronic databases (PubMed's, EBSCO, Science-
Direct®, and Scopus®) were initially searched on 1 October
2023, with the search updated on 15 November 2024. The
search included articles from journal inception up to and
including the date of search. Broad syntax terms included
“primary hip replacement”, “primary hip arthroplasty™,
“osteoarthritis”, “cement*”, “hybrid” and “outcome”.
Detailed descriptions of the syntax used for each database 1s
provided as supplementary material (Supplementary 1). The
database search was complemented by searching reference
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lists, orthopaedic joint registries, and hip arthroplasty manu-
facturer websites for relevant articles. All records 1dentified
via the database search (AP) were imported to the review
software Rayyan [26] and duplicates removed. Two review-
ers applied eligibility criteria independently (AP, AB), and
then met to discuss conflicts. There was one unresolved
conflict that required input from a third reviewer (KHL).
The 1nitial screening for eligibility was performed on titles/
abstracts, and the process repeated for full-text articles by
the same two independent reviewers. A customised data col-
lection form was developed for this review (Supplementary
2) and data collated in Microsoft Excel (v2501, Microsoft
Corp., Redmond, WA, USA). Information extracted from
each study included study type, fixation method, country
of study, sample size, mean follow-up period, primary end-
point, statistical methods for survival calculation, predictors
of interest, and results. Missing data were 1dentified, and
corresponding authors of these studies were contacted. If
there was no response from the authors, data were reported
as “missing”. Data were summarised in table format to
facilitate narrative synthesis and interpretation (Supplemen-
tary 2). Studies were assessed for risk of bias and critically
appraised. Two reviewers assessed each study independently
(AP, AB), with a third (KHL) available for conflict resolu-
tion, but not required. Observational studies were assessed
for risk of bias using the Quality in Prognostic Studies
(QUIPS) tool [27] and randomised control trials with the
Cochrane RoB version 2.0 [28]. The QUIPS is considered a
useful and reliable tool for systematically assessing the risk
of bias in prognosis research across six key domains (study
participation, attrition, factor measurement, confounding,
outcome measurement and analysis/reporting). The RoB 2.0
provides a structured framework to evaluate potential bias
across five domains relevant to randomised controlled tri-
als (randomisation, deviations from intended intervention,
nussing outcome, measure of the outcome, selection of the
reported result) [28].

Although a meta-analysis was planned to provide a quan-
titative synthesis of the findings from aggregate data, the
decision to perform a narrative synthesis was motivated
by six factors: data availability and homogeneity, type of
data, study design, purpose of the synthesis, study quality
and reporting, and flexibility. As five or more studies using
simular statistical methods and reporting the same outcomes
from similar populations are needed to achieve reasonable
power from a random effect model meta-analysis [29], data
extracted as part of this review were deemed insufficient for
meta-analysis of primary and secondary outcomes. A narra-
tive synthesis systematically synthesises evidence to gener-
ate new insights by analysing and interpreting findings from
included studies. The process involves three steps: devel-
oping a preliminary synthesis, exploring data relationships,

and assessing the robustness of the synthesis [30]. These
steps were followed when undertaking our synthesis. The
overall quality of evidence for each gradable outcome was
assessed by one reviewer (AP) using the Grading of Rec-
ommendations, Assessment, Development, and Evaluation
(GRADE) working group system [31], and verified by a
second (KHL). This structured approach has four levels or
certainty of evidence ratings (very low, low, moderate, and
high) used to assess risk of bias, imprecision, inconsistency,
indirectness, and publication bias. Gradable outcomes were
survival/revision rate, PPF rate, and PROMs. Study design,
risk of bias assessment, and quality of evidence ratings did
not constitute study exclusion. Results were organised based
on primary and secondary outcomes. Comparison and syn-
thesis of results for each of these categories of outcome were
summarised and categorised as conclusive (either “there is
difference” or “there 1s no difference”) or nconclusive [32]
based on heterogeneity, statistical uncertainty, inconsistency
in treatment effects, and/or incomplete information.

This review focused specifically on studies reporting sur-
vival percentages and revision rates (absolute outcomes),
rather than those which modelled the risk of revision over
tume. We were interested in how many hips had been revised
or remained unrevised at a specific timepoint rather than
the statistical likelihood of revision. This focus on abso-
lute outcomes allows for clarity and accessibility of easily
interpretable data with concrete outcomes [33], relevant
for decision making, such as benchmarking (national reg-
istry reports use survival percentage at 5, 10 or 15 years to
compare models) [11] and clinical planning (surgeons want
information on likelthood of a revision, not just the rela-
tive risk). This approach also aligns with real-world clinical
goals, such as 1dentifying implants that consistently exceed
revision benchmarks [11].

Results

The 1nitial search identified 1095 studies, with 9 studies
identified from citation searches. After duplicate removal,
1027 studies were excluded at title and abstract screening
(Fig. 1). Ultimately, 8 studies met inclusion. Five of these
reported on the primary outcome (all observational), and
three these addressed the secondary outcome (two ran-
domised control trials and one observational). We attempted
to contact three authors [34—36] for further information, but
no replies were received.
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Identification of studies via other methods ]

*Excluded by automation t00ls.
** Excluded by human screening.

—_—
Records identified from
i Databases (n = 1095)
| PubMed® (n = 963) e e Racords identfied from:
Scopus® (n = 28) . . Registers (n = 0)
! EBSCO (n = 27) Duplicate recor 08 termoved Citation searching (n = 9)
ScienceDirect® (n = 77) (n=29)
—J
= :
Records -
(n =1006) (n=1027)
Full text lt:::‘; In';ulud for Reports not retrieved Reports sought for retieval Reports not retrieved
l (n=39) (n=0) (n=9) (n=0)
Reports assessed for eligibility Reports excluded**: Reports assessed for eligibility —
(n=39) Wrong population (n = 30) (n=9) Reports excluded ;-
Duplicate registry (n = 2) Wrong population (n = 6)
Wrong outcome (n =2)

)

; Swdies included in review

f Via database search (n = 5)
Via citation search (n = 3)

Fig. 1 PRISMA flow chart of the search strategy and study selection process

Table 1 Risk of bias assessment

Primary outcome (survival) Secondary outcomes (PROMs/HRQOL)
Bloem-  Jamsen Kan-  Makela Ped- Nilsdot- Norman-  Onsten
heuvelet etal dala etal ersen  teretal Tayloret  etal
al. (2022) (2014) etal.  (2008) etal.  (2003) al. (1997)  (1994)
9] [10] (2015) [12] (2014) [34] [35] [36]
[11] [13]
QUIPS* ROB 2**
Study participation + + + + + + Randomisation process  x +
Study attrition ! + + + + ! Deviations from the + +
intended intervention
Prognostic factor ! + + + ! ! Missing outcome data  + +
Outcome measurement + + + + + ! measure of the outcome + !
Study confounding X + + + ! ! Selection of the reported + +
result
Statistical analysis and reporting + + + + + + Overall ! !

Primary outcome: survival and PPF
Risk of bias

The five studies identified were assessed for risk of bias.
Direct comparison of sex ratios and mean age were pos-
sible in one of five studies, which indicated no difference
in proportion of male to female observations (»=0.610) or
mean age (p=0.464) [10]. All other studies reported adjust-
ing for age and sex within their statistical models to avoid

@ Springer

confounding [9, 11-13]. Three observational studies had
independent low risk of bias [10-12], and one indicated
moderate risk in prognostic factor measurement and study
confounding [13]. One study displayed a high-risk of bias
related to confounding and moderate bias in both study attri-
tion and prognostic factor measurement [9]. Detailed results
of the individual bias assessments can be found in Table 1.
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Overall quality of evidence

Due to the heterogenous nature of the observational survival
studies, both survival and PFF evidence was determined to
be of low quality and certainty. Four studies collected data
from participants of different age group categories. Data
were collected across multiple timepoints, spanning sev-
eral years, with studies capturing survival outcomes over
1-5 years, 5-10 years, or 10-16 years, making it difficult
determine a summary of primary outcomes. Only age and
fixation type consistently appeared as moderating factors.
GRADE quality of evidence for the outcome of survival and
PPF rate was low, with moderate-to-high risk of bias, ser-
ous indirectness, serious imprecision, and suspected publi-
cation bias (Table 2).

Study characteristics

The five observational studies included in the analysis
[9-14] represented 244,032 cemented and 39,068 hybrid
THA observations (Table 1). All studies reported on Euro-
pean national joint registry data (four Nordic studies, one
England and Wales), and included cemented, hybrid, and
cementless survival comparisons, with two studies also
exanuning reverse hybrid THA [9, 13]. There was notable

clinical heterogeneity in the age groups studied, with age
ranging from 18 to 102 years in the studies that reported
age. Two studies focused specifically on patients aged over
80 years [9, 10], one study included individuals aged 55
years and older [12], another targeted patients between 35
and 55 years [13], and one study did not specify the age or
age range of participants [11]. Two studies reported overall
male and female observations combined for all THA cat-
egories within the study [9, 13], while two others provided
separate implant observations by sex [10, 12]. One study
did not specify or report male and female observations [11].
Study observation periods spanned from 1980 to 2019 with
follow-up durations ranging from 1 to 16 years. Survival
outcomes were reported at different follow-up periods. Two
studies reported survival at 1, 3, and 5 years [9, 10], and one
study at 2 years [13]. Four studies reported survival at 10
years [10-13] and one at 16 years [13]. Three studies [9-11]
employed a competing-risk Kaplan-Meier approach, while
two used standard unadjusted Kaplan-Meier survival analy-
sis [12, 13], reflecting methodological heterogeneity. Two
studies reported PPF rates [9, 10]. Detailed characteristics
can be found 1n Table 3.

Table 2 Certainty of evidence GRADE* for primary and secondary outcomes

Certainty assessment Summary of findings
Outcome  Stud- Study  Riskofbias Indirectness Imprecision  Publication Included Results Quality of
ies  design bias in nar- evidence
n) rative (GRADE)
synthesis
Survival 5 Obser-  moderate-high serious® serious” suspected’  Hybrid:  No difference in survival +---
vational 39.068 rates heterogeneity in
studies® Cemented: population/samples
204.964
PROMs 3 2Ran- moderate- serious®® serious’ suspected™ Hybrid:  No significant differ- +---
domised high 138 ence between hybrid
Control Cemented: and cemented PROMs.
tri- 247 Old studies, poorly
als®s; 1 conducted with limited
Obser- results.
vational
study?
PPF . Obser-  moderate-high serious™ serious® suspected®  Hybrid:  Lowest in hybrid +om-
vational 3,745 compared to cemented.
studies® Cemented: Extremely limited study
25.836 number

*GRADE- grading of recommendation, assessment. Development and evaluation; RCT- randomised controlled trial.

*3/5 studies did not justify sample size, study attrition, prognostic factor measurement and study confounding; ® One study did not identify
the randomisation process and deviated from the intended intervention; © Studies did not effectively measure the intended outcome; ¢ The only
observational study did not clearly define study attrition, prognostic factor measurement. statistical analysis and reporting used a mean follow
up; ® Study designs were not specific to periprosthetic fracture rate, this was an additional outcome; f Differences in age categories of all studies;
£ Two studies used the same PROMs instrument but reported the results differently: ® Different HRQOL instruments; * Time point collection
for each study was different; ’ Studies had differing predictors of interest and varied between short, medium and long term net and cumulative
statistical survival calculation; ¥ Periprosthetic fracture rate only recorded if part of revision, not recorded if revision not required; ! National
registries represented, results may not be attri le to other populations; ™ Only two small samples represented in the RCTs, from the same
country; ® Only reported in 2/8 studies.

@ Springer

196



388 Page 6 of 16

Archives of Orthopaedic and Trauma Surgery (2025) 145:388

Table 3 Survival study characteristics between cemented and hybrid primary total hip arthroplasty for osteoarthritis

Authorand Study period Study design ~ Sample Age Mean follow up, Outcomes Predictors  Key findings
year and country size® group collection time of interest
(cemented; (years) points (years).
hybrid) collection end
Bloemheu- 2007-2019 Observational. 7=43.053 =80 Mean: 4.2 (0-13) Competing  Age.sex. No difference in
weletal  Netherlands'  Cemented, (22,025; Times: 1,3.5 risk Kaplan  ASA, survival at either 1, 3
2022 [9] hybrid, 3,243) End: Revision ~ Meier; Revi- fixation, or 5 years. PPF rates
cementless, sion rate (%) head size, cemented 6%, and
reverse hybrid approach  hybrid 3%.
Jamsenet  1998-2009 Observational. n=4.777 >80 Mean: 4 (1-13) Competing  Age.sex. No difference in
al. 2014 Finland® Cemented, (3.811; Times: 1.3.5.10 riskKaplan facil- survivalat 1. 3, 5 or
[10]F hybrid, 502) End: Revision ~ Meier % ity. year, 10 years. PPF 11%
cementless. survival. comorbid-  in cemented, 18%
ity type. cemented women vs.
popularity 0% hybrid.
of implant
Kandala 2003-2012 Observational. 7=239.089 Not Mean: not Competing  Age.sex, Conclusive. Reported
etal. 2015 England and 2 cemented, 2 (137.990:  reported reported risk Kaplan  fixation, new 5% benchmark
[11] Wales® cementless and 28.471) Times: 1,5.10  Meier; Bath- bearing for revision. Revision
1 hybrid. End: Revision  tub, Weibull, type rate of 1.88-2.11% in
Loglogistic, cemented and 2.42%
Flexible in hybrid.
Revision rate
(%) 1
Makelaet  1980-2004 Observational. 7=50968 55-64. Mean:4.5-92  Kaplan Implant No difference. All age
al. 2008 Finland® 2 cementless, 1 (34.296: 65-74,  Times: 10, 15,20 Meier groups, groups in both hybrid
[12] cemented and 1 3.784) >75 End: Revision  standard %  age. sex and cemented groups
hybrid. Survival had a survival of
>090% at 10 years.
Pedersen  1995-2011 Observational. 7=29.558 35-45& Mean: not Unadjusted  Age.sex, Conclusive. Cemented
etal 2014 Sweden, Den- Cemented, (6.842; 46-55  reported Kaplan fixation indicated higher
[13] mark, Finland, cementless, 3.068) Times: 2,10, 16 Meier % technique  survival percentage at
Norway* hybrid and End: Revision survivalat  and calen- 2, 10 and 16 years for
reverse hybrid. 2.10and 16 dar year any revision reason,
years revision for aseptic
loosening and revision
for any other cause.

ASA- American anesthesiologist physical status rating: PPF-Periprosthetic fracture rate.
All studies included cementless/uncemented and/or reverse hybrid fixation or more than one cemented/hybrid component for comparison.
*Total sample size includes all hip fixation methods within the study. including cementless and reverse hybrid, where applicable.

** Specified a loaded-taper or composite beam stem.
T These studies included periprosthetic fracture rates.

I Actual revision rates at 5 years and estimated 10-year rates for 70-year-old males and females only.

9 No data at 15 or 20 years for hybrid fixation. The fixation technique did not fulfil the proportional hazards assumption for Cox proportional
hazards calculation; therefore, the population was split into subgroups (1995-1999, 2000-2003, 2004-2007, 2008-2011).

* Dutch arthroplasty register: * Finnish Arthroplasty Registry; * National registry for England and Wales; * Nordic arthroplasty registry.

Narrative synthesis

Three survival studies with the lowest risk of bias [10-12]
1dentified no significant difference in survival between
cemented and hybrid THA at 1, 3, 5, and 10 years. All three
studies presented mean survival for each fixation method,
which ranged between 98.6 and 98.8% at 1 year, 98.1 to
98.3% at 3 years, 97.8 to 98.1% at 5 years, and 83 to 96% at
10 years. Due to heterogenous methodologies, these survival
percentages were not directly comparable. In an England
and Wales 10-year follow up study [11], after completing
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five different Kaplan-Meier model analyses, the cemented
prostheses with metal-on-polyethylene bearing surface had
the highest estimated mean survival rate of 98.02% at 10
years, with cemented ceramic-on-polyethylene survival
second with 97.5%, and hybrid metal-on-polyethylene
third with 97.32%. With similar 10-year estimates between
prostheses and a revision percentage below 5%, the authors
recommended the 10-year benchmark revision rate for all
THA 1n England and Wales be lowered from 10 to 5% [11].
No difference in survival between hybrid and cemented
THA was reported, although not assessed for statistical
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significance. Makela [12] identified that at 10 years, all age
groups in both hybrid and cemented THAs exceeded a sur-
vival of 90% with no significant difference between the two
fixation categories across age groups (p=0.22 to 0.80). A
moderate risk of bias study [13] reported survival compari-
son at 10 and 16 years for both cemented and hybrid THA
using three endpoints: revision for any reason, revision for
aseptic loosening, and revision for other causes. Cemented
THA was reported to show superior survival to hybrid THA
at 10 years when the endpoint was revision for any reason
(90.2+0.43% versus 86.6% = 0.69), for aseptic loosening
(92.8% = 0.38 versus 91.4% = 0.59) and for other reasons
other than aseptic loosening (97.3% = 0.23 versus 94.8%
= 0.44). The same pattern was reported at 16 years, with
cemented exhibiting higher survival than hybrid. Statistical
significance results were not reported. Synthesis of results
seems to indicate that at timepoints up to 10 years, survival
tends to be similar and that there 1s little, if any, difference
i survival between cemented and hybnid implants, but that
longer time frames may favour cemented THA. Two studies
reported PPF rates [9, 10], with one of these studies only
reporting cemented PPF rate and not the hybrid PPF rate.
The low risk of bias study [10] reported a 10-year cemented
PPF revision rate of 11%. The high risk of bias study [9]
reported a PPF rate of 6% in cemented and 3% in hybrid
THA at 5 years [10], thus it is not possible to defimtively
establish whether PPF rates are lower in cemented or hybrid
THA. Both studies showed no difference in survival between
hybrid and cemented THA [9, 10]. Detailed survival study
information can be found in Table 4.

Secondary outcome: patient reported outcome
measures

Risk of bias

Three studies [34-36] were identified as including PROMs
and evaluated for risk of bias. The only observational study
[34] was evaluated using the QUIPS tool [27], and the two
remaining RCTs [35, 36] evaluated using the ROB 2 [28].
Baseline comparisons showed no age or sex differences
between cemented and hybrid groups in the Swedish RCT
[36] (low nisk of confounding). In the UK RCT [35], the
hybrid group was significantly younger than the cemented
group (p<0.001, d=0.97), indicating possible age-related
confounding. The Swedish observational study [34] had
more females and older participants in the cemented group,
suggesting imbalance in key demographic variables. While
both RCTs showed comparable sex ratios (p>0.05) [35,
36], the observational study did not [34]. These differences
lower confidence in the observational findings due to risk of
confounding and contribute to downgrading the certainty of

evidence. The observational study [34] indicated a moderate
risk of bias 1n study attrition, prognostic factor and outcome
measurement, and study confounding, with all other factors
indicating a low risk of bias. Both RCTs scored moderate
risk of bias overall [35, 36]. Individual high-risk of bias was
1dentified in the randomusation process in one of the RCTs
where randomisation was not described [35]. Results can be
found in Table 1.

Overall quality of evidence

The overall certainty of evidence was very low based on
GRADE for secondary outcomes (PROMSs) when compar-
ing hybrid and cemented THA, with moderate-to-high risk
of bias, serious indirectness, serious imprecision, and sus-
pected publication bias (Table 2). All three studies indicated
methodological heterogeneity, using assorted and inconsis-
tently applied tools at varying follow-up points (1, 2, and
3.6 years), and across heterogenous populations with poorly
defined or non-existent subgroups. These factors severely
limited the validity, comparability, and applicability of find-
ings to clinical practice.

Study characteristics

Characteristics of individual studies can be found in Table 5.
The three studies [34-36] together compared PROMs scores
between 138 hybrid and 247 cemented primary THAs (186
males and 200 females) for osteoarthritis. Two RCTs (n=80
and n=60 respectively) [35, 36], and one observational
study (n=196) [34] were performed in Europe (two in Swe-
den [34, 36] and one in the UK [35]) and compared specific
hybrid and cemented implants rather than broad category
components. Observation periods ranged from 1988 to 1998
and reported short-term (1, 2, and 3.6-year) PROMs, with
two studies also reporting preoperative scores [34, 35]. Both
RCTs [35, 36] used the Harris hip score measurement tool,
however one RCT converted the original Harris score to
Rosser Index pain and disability values [35], and reported
Rosser Index quality of life results rather than Harris hip
score.

The results of the Swedish RCT study [36] indicated a
2-year mean Harris pain score of 42 out of 44 for each THA
group, and mean Harris hip score of 91 and 92 for hybrid
and cemented respectively, with no reporting of statistical
significance. In the UK RCT [35], there was no statistically
significant difference between the cemented and hybrid pre-
operative Rosser Index HRQOL scores (p=0.596); but at
1-year, hybrid THAs performed statistically significantly
better than cemented THAs (0.988+0.018, 0.995=0.006
respectively, p=0.015) with the cemented hip reporting
better Rosser Index HRQOL scores. The study determined
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Table 4 Survival and revision rate study outcomes

Study Sample Peripros- 1-ysur-  2-ysur- 3-ysurvival % 5-y sur- 10-y survival % 15-y survival 16-y survival
(Age size thetic frac- vival % vival % vival % % %
group) fure rates
Bloem- Cemented: 26/427 Net:98.7 - Net: 98.2 Net: 978 - - -
heuwelet 22,025 (6%) (98.6- (98.1-983)F  (97.7-
al. 2022 08 8) 97.9)
[Q]ab
=80 years CR:98.7 CR: 983 CR:98.0
(98.6- [98.1-984]%  (97.7-
08.0)2 08.2)2
Median
age: 83
(80-108)*
M:10.931; - = &
F:32,073¢
Net: - Net: 98.2 Net: 98.0
98.6 (9809842  (97.7-
(98.4- 98.3)gh
08.8)=
Median  Hybrid: 2/61(3%) CR:98.8 CR: 983 CR:98.1
FU:42y 3243 (98.3—- [078-987]%  [97.5-
00.1)2 98 612
Jimsenet Cemented: 5/46(11%) CR:988 - CR:98.1 CR:978 CR:974 - -
al. 2014 3811 1y (98.4- 97.7-98.6)®  (97.3- (96.9-98)2
[10]® 00.2)2 08.3)2
=80y M:1,143;  10/57(18%)
F:2.668 inF
Mean
age: 82y
(80-102)
Hybrid: /5(0%) CR:98.6 - CR:98.1 CR:98.1 CR:98.1 - -
502 inF (97.6— (96.9-99.4)=  (96.9- (96.9-99.4)2
00 7)2 90 42
Mean FU: M: 145; F:
4y 357
Mean
age: 82y
(80-95)
Kandala ~ Cemented: - - - - - CeCoP: 98.12° - -
etal. 2015 137990 (97.89-98.03y
[
Agenot M:-F:- CeMoP: 97.78°
specified (97.17-97.58)
Median
age:
70.4y*
Hybrid: - - - = . HyMoP: 97.58¢ - ~
28.471 (96.92-97.50y
Mean M:-F:-
FU:-

Aseptic
loosening!
55-64y: 85 (84—
86) n=2.138

65-74y: 91 (91—
92) n=5.899

>75y: 95 (95—
96) n=2.299

Aseptic
loosening!
55-64y:
71(69-73)
n=1,086
65-74y:
85(84-86)
n=2,049
=275y
93(92-94)
n=441
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Table 4 (continued)

Study Sample Peripros- l-ysur- 2-ysur- 3-ysurvival % 5-y sur- 10-y survival % 15-y survival 16-y survival
(Age size thetic frac- vival % vival % vival % % %
group) ture rates
All: 91 (91-91) Al
n=10335 83(82-84)
n=3575
Cemented: All reasons’ All reasons’
34,296
Makelaet M:12,004; - - - - - 55-64y: 83 (82— 55-64:
al. 2008  F:22292 85)n=2.140 68(66-70)
(124 n=1088
Mean 65-74y: 89 (89— 65-74: -
age: 70y 90) n=5,904 82(81-83)
(55-95) n=2,051
275y:93 (93- =75y:
94) n=2.300 91(90-92)
n=441
55->75y All: 89 (89-89) Al
n=10343 80(80-81)
n=3579
Aseptic
loosening!
Hybrid: - - - - - 55-64y: 90
3784 (85-95)n=77
M: 1,551; 65-74y: 93 - -
F:1.548 (91-95) n=194
mean FU: Mean =75y: 96
3.6-10.2y age: 72y (93-100) n=73
(55-96)
All: 93 (92-95)
n=343
All reasons!
55-64y: 83
(76-89) n=78
65-74y: 88 - -
(86-91) n=194
=>75y:92
(88-95)n=73
All: 88 (86-90)
n=344
Cemented: - - Any: - - All: 90.2=0.43" - All: _
6.842 98.6=0.14' 774=113"
Pedersen AL: AL: 928038 AL:
etal 2014 99.6=0.43" 80.5=1.13
[LE)
35-55y Other: Other: Other:
99.0=0.12 973023 96.1=0.39"
Mean
age: -
M: Any: All: 86.6=0.69 All:
15.391% 97.7=027 68.5=2.12
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Table 4 (continued)

Study Sample Peripros- l-ysur- 2-ysur- 3-ysurvival %  5-y sur- 10-y survival %  15-y survival 16-y survival

(Age size thetic frac- vival% vival % vival % % %

group) ture rates

F:14.167° - - AL: - - AL:914=0.59" - AL:759%2.17
99.3=0.15

Mean Hybrid: Other: Other: Other:

FU: - 3.068 98.4=0.23* 94.8+044 90.1=1.08!

AL- Aseptic loosening; CeCoP- Cemented ceramic on polyethylene; CeMoP- Cemented metal on polyethylene; CR- Competing risk (death);

F- Female; FU- Follow up; M- Male.

* Included other hip types (cementless and/or reverse hybrid) in the comparison; ® Only included specific makes of component: ¢ Included bear-
ing surface as a predictor of survival; ¢ Bilateral THR not mentioned; ® Of the entire sample only; { Crude survival rate - Competing risk survival
rate with death as a competing risk; £ Net survival rate- The estimated survival rate accounting for only those who survived long enough to
require revision potentially; ® Mean survival% [95%CI][low - high];  Mean survival% = standard deviation; } Range of survival percentages
between Bathtub, Weibull, Loglogistic and flexible Kaplan-Meier models.

Table 5 Characteristics of included studies comparing proms in cemented and hybrid total hip arthroplasty for osteoarthritis

Author Study Study design Sample Age  Outcomes Fol-  Col- Predictors Key findings
period and size group low-up lection of interest
country period time
points
Nilsdotteret  1995-1998 Observationalf »7=196 NR  HRQOL:SF-36 36y 1land  Age sex, No differencein
al. (2003) [34] Sweden C-139 PROM: WOMAC 3.6y fixation, PROMs between
H-57 PreOp: Yes follow cemented and hybrid
uptime. THR noted. Statistically
baseline  significant improvement
values in postoperative scores
for both fixation types.
Norman- Tay- 1992-1994 RCT n=80 <70 HRQOL:Rosser 1y ly Age sex Inconclusive. Harris hip
lor and Villar  United C-40 Index score used to determine
(1997)[35]  Kingdom H-40 PROM: Harris Hip Rosser index score
Score
PreOp: Yes
Onstenetal.  1988-1991 RCT n=60 40-70 HRQOL: No 2y 2y Fixation  No difference in
(1994) [36]  Sweden C-30 y PROM: Harris Hip PROMS between
H-30 Score cemented and hybrid
PreOp: No THA noted.

C- Cemented; H- Hybrid: THA- Total hip arthroplasty; NR- Not reported: PROMs- Patient reported outcome

. RCT- Randomised

Control Trial; SF-36- 36 Item Short Form Survey: WOMAC- Western Ontario and McMaster Universities Arthritis Index.

T Hospital sample

a hybnid prosthesis did not impair early quality of life
outcomes and although HRQOL scores increased in all
80 patients, the study identified that 60% of hybrid THA
patients achieved maximal HRQOL scores after 1 year. The
study, however, suggested improvement in quality of life
was not dependent on prosthesis type.

The observational study [34] included preoperative,
1-year, and 3.6-year WOMAC and SF-36 scores. No dif-
ference in WOMALC scores between the cemented or hybrid
groups at any timepoint was noted. The SF-36 subscales of
“role physical” and “general health” showed statistically
significant differences (p<0.05) preoperatively, and in all
but one subscale (1.e., “bodily pamn™) at 1-year, and two
subscales (i.e., “bodily pain” and “general health) at 3.6
years with hybrids indicating better scores. However, when
the scores were adjusted for age, sex, follow-up time and

@ Springer

baseline values, no statistically significant differences were
revealed. See Table 6 for detailed results of each study.

Narrative synthesis

With very low certainty of evidence, in three heterogenous
studies using assorted PROMs tools at inconsistent time-
points, drawing secondary outcome conclusions regarding
superiority 1s challenging. All three studies report PROM
improvements in both cemented and hybrid THAs at their
chosen follow-up periods, and no significant differences
in PROMs between the two THA options. Despite differ-
ences in instruments and follow-up durations, the consistent
direction of effect (1.e., no observed or statistically signifi-
cant difference) supports the conclusion that PROMs may
be similar between the two fixation types. While formal data
synthesis was not feasible, our narrative synthesis suggests
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that across different instruments and timepoints, PROMs
do not appear to differ meaningfully between cemented and
hybrid THA. However, due to high risk of bias and very low
certainty of evidence, these finding must be interpreted with
caution. The lack of observable difference may be due to
study limitations and imprecision.

3.6 years

1 year

Discussion

This review focused on studies comparing implant sur-
vival, PPF rate, and PROMs between hybrid and cemented
primary THA for end stage osteoarthritis. From the eight
retrieved studies [9-13, 34-36], five observational studies
[9-13] compared the primary outcomes of survival and two
studies compared PPF rate [9, 10]. Two RCTs [35, 36] and
one observational study [34] analysed PROMs.

HRQOL(mean + SD)

Sub  PreOp

level

Instrument

Survival

3.6 years

While the overall number of observations in the survival
studies was substantial (2=283,100), lack of clinical and
methodological homogeneity led to variability in find-
ings. Three studies [9, 10, 12] found no survival differ-
ence between hybrid and cemented THA over 1, 3, and 5
years, while two [11, 13] reported marginally better 10-year
cemented survival and one study [13] better 16-year
cemented survival. However, neither of the latter studies
confirmed whether the observed differences reached statis-
tical significance. Survival outcomes appeared to vary by
patient group, follow-up duration, and implant type. Studies
examined patients from under 55 years only [13] to those
over 80 years only [9, 10]. In some studies, survival seemed
to be better 1n specific cemented subgroups (e.g., ceramic-
on-polyethylene bearings) [11], suggesting that individual
implant characteristics may be more important than fixation
type alone.

Broad category classifications of THA fixation groups
include multiple implant brands (stems and acetabular
cups), designs (geometry), materials, and coatings, which
can behave differently in terms of longevity, wear, and com-
plications [37]. Examining broad categories can highlight
general trends, but lacks the detail needed to guide implant
selection. Research on specific implant comparison may
allow more accurate assessment of variability in patient out-
comes, improve implant selection for patients, provide more
clinically relevant outcomes, and avoid misleading conclu-
sions [38]. Focusing on specific implant comparisons risks
reduced sample sizes and statistical power, compromising
inference, but the continued use of regional or national reg-
1stry data could mitigate this limitation by leveraging access
to larger and more generalisable patient populations.

2
years
91

93

| year

PreOp

Sub level
Hip
Pain
Hip

PROM (mean+ SD)

Instrument
1 int
Harris Hip}

Mean age: 6363
Mean age: 62+ 63

*P <0.05 between hybrid and cemented mean outcome score.
BP-Bodily pain; GH-General health; HRQOL- Health related quality of life; MH- Mental health; PROM- Patient reported outcome measure; PF-Physical function; RE- Role emotional; RP-

Hybrid (7= 30)
M: 17;F: 13

Prosthesis type

M: 16; F: 14

¢ The Rosser index derives scores from the Harris hip Score, the matrix allocates scores from —1.486 to 1.000. A score of 1 indicates complete normality; death is given a score of 0.000. Num-

Role physical; SD- Standard deviation; SF- Social function; SF-36-36 Item Short Form Survey; VT- Vitality; WOMAC-Western Ontario and McMaster Universities Arthritis Index.
bers reported are the distribution of patients within each category with Al being the best score and DVI being the worst quality of life score.

1 Actual scores not reported, used to determine Rosser index.

Onsten et al. (1994) [36]
¢ No standard deviation provided.

n=60
1 Norange provided.

Table6 (continued)

Article
Age: 40-70y
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Only two studies reported PPF rates [9, 10], both in
patients 80 years and older but at different timepoints. One
study indicated higher PPF rates in cemented THA [9]. Stull,
this difference did not translate into poorer implant survival
m cemented THA overall. The available data do not sup-
port PPFs as the most common cause of revision in either
cemented or hybrid THA. More importantly, clinical fail-
ures that did not result m revision were not documented.
Since some PPFs are managed without revision (e.g., with
fixation), and these cases were not reported, the true mnci-
dence of PPFs may be underestimated in both fixation types.
Thus lack of reporting lowers the proportion outcome of PPF
in cemented and hybrid fixation in THA. A study analysing
data from the UK National Joint Registry found that 56% of
postoperative PPFs were not captured by the registry, as the
cases were treated without the replacement of components
[39]. Lamb et al. [39] noted PPF as the leading cause of
major reoperation (but not necessarily component replace-
ment) following THA and that the prevention and treat-
ment of PPF requires further research. It may be prudent to
include, at a minimum, PPFs requiring surgical intervention
within revision registry data collection.

All survival studies [9-13] used national registry derived
data for survival analysis. The lack of consistent reporting of
statistical significance, follow-up periods, and patient strati-
fication reduces the overall ability to determine meaning-
ful inferences from findings. While national joint registries
are invaluable for monitoring and improving the outcomes
of joint replacement surgeries, they do have some limita-
tions. National registries provide broad standardised data
that help 1dentify overall trends in outcomes, implant lon-
gevity, and patient demographics [40, 41]. However, they
mask regional disparities by averaging data across different
populations and may not capture variations, for example,
between wealthier and deprived regions or populations of
different ethnicities. Regional joint registries may offer
more detailed insights mto regional population character-
1stics, specific access barriers, rural versus urban areas, and
variations n surgical and funding outcomes (private versus
public) [42]. For surgeons, regional data analysis may be
more effective at determining the most successful THA for
a specific demographic of patient.

Methodological heterogeneity between the survival stud-
1es complicated comparison and inference. Standardising
survival analysis models, the handling of missing data, sta-
tistical adjustments, and definition of outcomes affected the
validity and comparison of results. Methodological homo-
geneity in registry data analysis would allow opportunity
for easier comparison and evaluation of survival outcomes.

Patient reported outcome measures

Although limited, all PROMs studies [34-36] reported
improvements in HRQOL following primary THA for
osteoarthritis, regardless of fixation type. One RCT [35]
found a statistically significant advantage for hybrid THA
at 1-year using the HRQOL Rosser Index. The observa-
tional study [34] reported differences in SF-36 subscales,
favouring hybrid THA at 1-year and 3.6-years, but these
differences were not statistically significant after adjusting
for age, sex, follow-up time, and baseline values. Overall,
both hybrid and cemented PROMSs improved substantially
and appeared similar between groups, but due to a small
number of studies and no follow-up beyond 3.6 years, no
difference in PROMs between hybrid and cemented THA
could be 1dentified in the medium-term to long-term. The
included studies spanned a 30-year period and dated time-
frame (1988-1998) and offer valuable historical perspec-
tives. However, their relevance to contemporary practice is
limited due to outdated measurement tools, evolving sur-
gical techniques, and shifting patient expectations. Inter-
pretation should be cautious, particularly when comparing
to modern cohorts. In all three studies [34-36] included in
our systematic review, younger, likely more active patients,
were selected for hybrid THA, possibly reflecting surgeon
preference rather than a truly random comparison. This bias
creates indirectness of evidence as outcomes may reflect
patient characteristics rather than implant design.

The absence of comparable PROM data of more than
3.6 years also highlights a major evidence gap. A seven-
year prospective international multicentre study observed
that while patients experienced significant improvements
in PROMs within the first-year post THA, certain factors
like obesity and postoperative difficulties in self-care were
associated with a gradual decline in outcomes over the sub-
sequent years [43]. This study highlights the importance of
continued monitoring to assess the sustainability of surgical
benefits. Research also indicates that PROMs tend to pla-
teau after 1-to-2 years post-surgery, but that attrition over
time may affect study sensitivity [44]. This attrition rate
could be mitigated by using prospective national or regional
population PROMs data rather than smaller sample groups
[45]. A longitudinal cohort study by Schwartz et al. [46]
emphasised that cognitive and mental health assessment
significantly influence recovery trajectories post THA and
suggested that long-term PROMs are essential for identi-
fying patients at risk of poorer outcomes and for tailoring
postoperative care accordingly. Such information is vital
for setting realistic patient expectations and facilitating
informed decision making regarding the procedures avail-
able. Although one RCT reported statistically significant
HRQOL differences at 1 year favouring hybrid THA [35],
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this finding was not consistently observed across other stud-
1es or timepoints.

There is a pressing need for contemporary, high-quality
research evaluating patient-centred outcomes across differ-
ent fixation types using standardised PROMs. Future stud-
1es should standardise the selection, collection and reporting
of PROMs ideally in alignment with internationally agreed
guidelines. While the Oxford hip score is one of the most
used hip-specific PROM tool for THA [47], valued for its
simplicity, validation and strong correlation with patient
satisfaction and outcomes, the WOMAC is considered the
highest quality PROMs tool for osteoarthritis [48]. The
authors propose the use of at least one of these tools as an
iternational standard. Transparency on missing data, loss
to follow-up, and selection bias is essential. Lack of stud-
1es could reflect a systematic under collecting and under-
reporting of PROMS in this area contributing to uncertainty
and limiting evidence-based decision making. Our recom-
mendations would be to collect PROMSs preoperatively, at 6
months to 1-year, and then at 5 yearly intervals, in line with
the New Zealand Joint Registry [49].

Although RCTs are the gold standard for evaluating the
efficacy and safety of medical interventions, Pakvis et al.
[7] argued that RCT studies are challenging to conduct
in THA and may not always reflect the complexities of
real-world orthopaedic care. These authors suggested that
well-designed non-randomised studies with adequate fol-
low-up and rigorous outcome measurement could serve as
a benchmark for high-quality evidence in orthopaedics [7].
These benchmark studies would involve comparing similar
populations, interventions and follow-up durations, using
consistent outcome tools, data collection timelines, method-
ologies, and standardised statistical analyses.

Both survival and PROMs studies suffered from common
limitations, including clinical and methodological homoge-
neity and inconsistent reporting. There are key limitations
1 the current literature, notably few published studies; het-
erogeneity in study design, outcome measures, and follow
up durations; and all studies conducted in European coun-
tries. The fact that all studies in our review were European,
limits the international generalizability of the findings due
to potential differences in healthcare systems, surgical tech-
niques, patient demographics, and ethnic variations in hip
anatomy [50,51]. Broadening the evidence base to include
studies from regions such as North America, Canada, Africa,
Asia and Oceania would promote more equitable and opti-
mal patient outcomes across diverse global populations.

Bias assessments identified moderate-to-high and high
risk of bias across studies, with concerns related to con-
founding, prognostic factor measurement, randomisation
and mussing outcome data. Additionally, publication bias 1s
suspected due to the low number of eligible studies. Taken

@ Springer

together, the evidence comparing hybrid and cemented THA
1s limited by study quality, short follow-up in PROM stud-
1es, and inconsistent methodology in survival studies. While
both fixation types appear to offer good early PROMs and
comparable implant longevity, further research is required—
particularly longer term PROMs studies and implant sur-
vival at the prosthesis level [52] rather than broad fixation
categories. Standardised methods, adjusted analyses, and
stratification by patient and implant characteristics are
essential for informed decision making.

Conclusion

Our review of the literature identified primary survival and
PPF rates and secondary PROMSs outcomes between hybrid
and cemented THA for patients with end stage osteoarthri-
tis from eight available studies. The studies do not clearly
demonstrate a superior fixation category between hybrid
and cemented THA. Both THA options showed improve-
ments in early PROMs, exceeding 98% survival at 1 and 2
years and at least 90% survival at 10-years. All studies iden-
tified were European and evaluated outcomes from 1980
to 2019, suggesting that earlier studies might not relate to
current surgical practices. Indeed, changes in practice over
time may influence the heterogeneity of this review. The
included studies were also inconsistent in reporting similar
patient demographics, particularly age, PROMs, study time
periods, length of follow up, statistical methods, and THA
implant components. European only studies are limited in
their ability to reflect outcomes in non-European settings,
due to regional varations in clinical practice and patient
demographics. The absence of longer-term PROM data 1s a
significant gap and likely the biproduct of short-term focus,
resource, and time constraints. Future research should focus
on product specific outcomes, standardized methodologies,
and longer PROMs follow up to provide clearer msights.
Regional joint registry data can enhance decision making
by considering demographic and socioeconomic factors for
more personalised treatment procedures. This review is the
first to attempt to summarise literature contrasting survival,
PPF, and PROM outcomes between cemented and hybrid
primary THA for osteoarthritis, identifying comparable out-
comes between methods when considering the few studies
available.
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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], Rumfit 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 Rumfit (p=0.611).

Conclusion Both implants exceeded 95% survival at 10-years, which 1s 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
ECF, 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,
NI, USA) (ECF), developed 1n 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
n cement mantle consistency [8]. New cemented compo-
nents, such as the highly crosslinked polyethylene Exeter”
X3% Rimfit™ (Stryker Orthopaedics, Mahwah, NJ, USA)
(Rumfit) 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
1s 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-
1es 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 1is 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 1deal 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

"; Springer

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 Commuttee
(HREC2023#12). The New Zealand Orthopaedic Associa-
tion (NZOA) supplied anonymuised 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.
THAS 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 varables, 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; Rumfit: » = 28) and were
combined with the 5664y 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: » = 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 (years)

<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

25-299 Overweight

30-349 Obese Class I

3540 Obese Class I

=40 Obese Class III

ASA rating

ASA1 Patient is a completely healthy. fit
patient.

ASA2 Patient has mild systemic disease.

ASA3 Patient has severe systemic disease
that is not incapacitating.

ASA4 Patient has incapacitating disease
that is a constant threat to life.

Ethnicity f

NZ European New Zealanders of European descent

Maiori A person of the M3ori 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
nussing data so that all available data were used m 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 1s less
likely to be a competing risk exceeded the older population

group of above 75 years. T tests were used to determune 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 (7=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=53 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 Rumfit reported a higher proportion of Maori,
ASA 3 rating, and publicly funded surgeries.

T Missing values have not been included in proportion
calculations.

Survival
A total number of 1630 implants for the observation period

were included m 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 y % Actual Expected ;o 7 p-value

Sex Male 158 144 13 490 504 037 257 0.095
Female 205 217 0.86 777 763 025

Age (years) =64 81 75 047 256 262 0.14 1.03 0.596
65-74 150 149.00 0 520 521 0
275 132 139 033 491 484 0.09

BMI (kg/m?) <25 61 65 0.24 306 302 0.05 3.01 0.555
25-299 120 109 1.02 498 509 0.22
30-34.9 53 57 0.28 269 265 0.06
35-39.9 13 17 08 81 7 0.17
=240 9 8.00 0.13 36 37.00 0.03

ASA 1 59 40 93 157 176 21 184 0.0001
2 175 174 0 77 ) 0
3&4 51 71.00 5.67 335 315.00 128

Funding Public 118 141 381 448 425 127 8.16 0.004
Private 231 208 2.59 602 625 0.86

Ethnicity NZEU 304 324 124 1151 1131 035 90.2 0.00001
Maori 14 25 45 96 855 129
Other 45 15 64.4 20 50.52 184

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 Rumfit: » = 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 i 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, Rumfit 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%) 1n males reflecting the overall cohort distribution. By
funding status, 24 (56%) were privately funded, 16 (37%)
publicly funded, and 3 (7%) had nussing 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%)
i 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 mussing 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 Maon) 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 mmplants 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% Rumfit 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
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Fig. 1 10-year Kaplan-Meier
survival for both implants
100%

= ECF ™ Rimfit

Survival %
8
2

&
*

p=033

ﬁ

0 25 5 75 10
Follow-up(Years)
Percentage at risk
ECF4 100 92 87 73 67
Rimfit1 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 3
(n=43) % total n=14) % total (n=29) % total P-value*
Dislocations 13 0.80% 6 1.65% ) 0.55% 0.08
Infection 10 0.61% 2 0.55% 8 0.63% 1
Periprosthetic fracture 8 0.49% 2 0.55% 6 047% 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,
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Rimfit

ECF

Both Implants
Coeff (OR)

0.

Table6 Cox multiple regression for both implants

Covariate

@ Springer

P-value

HR 95%C1 |

Coeff (OR)

0.

P-value

HR 95%CI §

Coeff (OR)
0.83

1.3

P-value
0.388
0.376
0.079

95% [C1]

[0.54,4.87]

HR

0.141
0.997
0451
0.65.

0.191
0.998
0.550

0.20, 1.25]
0.32, 1.84]

74
<0.001

45
146

44
077

0.5

1.56
135
273
0.62

37
0.38
-0.83
-0.69
-0.17

.44
0
1
-049
-029
-17.34
-027

0
0.3
1

0.461
0.303
0.999
2
0.987
0.999
0.404
0.999
0.999
0.613

0.25, 20.90]
0.31,44.06]

0.38, 11.00]

036

0
<0.001
2.04
<0.001

230
3.60
0.53

1

148

0
0.64
-0.12
-02
-1.03
0.01
-19.7
-18.3
-18.1
0.39

0.505
0.997
0.877
0.703

[0.49, 6.64]
[0.17, 1.10]
[0.19, 1.00]
[0.00, inf]

[0.43,2.72]
[0.44,3.42]

1.62
043
44
<0.001
092

07
2
1
0.79
0.63

o

48
0.83
7
8
2
20.46
-17.00
9

0.0

0.59
-0.81
-0.17
0

02
0

-0,

ASA2

ASA3
Age>75

Age 65-74
BMI=>40
BMI125.29.9
BMI 30-34.9
BMI 35-39.9
Sex Female
Ethnicity Maori
Ethnicity Other
Funding Public
Implant ECF

8.08 [0.36,1.08] 0.602

2.14

p=0.584

+ Log-rank test of model for Rimfit

p=0.658

1 Log-rank test of model for ECF

p=0.645

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 1s 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 promuse of biological ingrowth, anticipated simpler revi-
sion, and mfluence from training and industry [30-32]. But
registry evidence shows cementless fixation 1s 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
1s 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 nught 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 PROMs tools [40]. Pearce et al. [46]
identified excellent long-term PROMs up to 10 years for
this ECF cohort 1n a recent study with a mean Oxford Hip
score >41 and very good mean score >39 up to 15 years,
with no significant difference i 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 1dentify 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 1s positive. The favourable survival rate of the
Rumfit supports its continued use and justifies it as a replace-
ment of the ECF 1n 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 1dentify whether
Rimfit PROMs are at a minimum consistent with the ECF.
With the increased use of hybrid THA in NZ, a survival and
PROMs comparison of the Rimfit with a commonly used
hybrid implant; with the same V40 stem; analysing the same
patient predictors, 1s also recommended.

Limitations

Thus study 15 observational thus causal influences cannot be
made. While overall survival success i1s 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.
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Abstract

Methods: We investigated |5-year patient-reported outcomes (PROMs) and their predictors in primary total hip
arthroplasty (THA) for osteoarthritis using a cemented flanged cup and stem from a regional joint registry in New
Zealand. Regional data were collected for all primary THAs with this cemented combination from | January 2003 to
30 June 2023 who had recorded PROMs on at least | occasion (n=263). PROMs included Oxford Hip Score, Western
Ontario and McMaster Universities Arthritis Index and Veterans Rand- 12, evaluated against patient age, ethnicity, sex,
body mass index (BMI), funding pathway, and American Society of Anesthesiologists (ASA) rating.

Results: Significant improvements across preoperative PROMs were noted |-year post-surgery, with a mean change
above 23 in the Oxford Hip Score maintained at 5, 10, and |5years (p <0.001).

Conclusions: Regression analysis indicated that being female, public funding, and higher BMI were associated with worse
preoperative PROMs. Poorer preoperative scores, older age and ASA 3 rating correlated with poorer postoperative

outcomes.
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Introduction

Surgical success for joint replacement procedures has long
been evaluated using implant survivorship models.! With
current healthcare shifting focus to patient well-being and
quality of life,? patient-reported outcome measures
(PROMs) have become an important metric in quantifying
surgical success. PROMs allow surgeons to quantify
patients’ health-related quality of life and make decisions
regarding optimal patient care, shifting the focus from
surgeon-centred to patient-centred models of care.

The cemented, all-polyethylene flanged cup we chose to
examine in this study, the Exeter Contemporary Flanged
cup (Stryker Orthopaedics, Mahwah, NJ, USA), has been in
use since 1991 and was the cemented cup most used in New
Zealand (NZ) between 2003 and 2013.>* Schmitz et al.’

reported good results for this cup in THA patients under
S0years with a component survival rate of 90% after
10years. Furthermore, Maggs et al.® identified a 97.8%
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survivorship at 12.5years in patients 46years and above. In
environments where THAs are completed in high volumes,
the polished, stainless steel, tapered, and collarless cemented
stem, the Exeter V40 stem (Stryker Orthopaedics) we are
examining in this study, has demonstrated excellent func-
tional outcomes based Western Ontario and McMaster
Universities Arthritis Index (WOMAC) scores and 97.8%
survivorship at 10years.”* This stem has a reported 15-year
survivorship of 96.6% (confidence interval [CI] 95%, 98.3—
94.8) and rare periprosthetic fracture rates of 0.6% (CI1 95%,
0.3-0.9) at 15years,’ although this may be underestimated
in studies where periprosthetic fractures requiring alterna-
tive reoperations (such as open reduction and internal fixa-
tion, and where there is no stem exchange),'®'? have not
been reported. In NZ, over 54,000 of these particular stems
were used between 1999 and 2022 and currently represent
60% of all stems used in the UK.** This cemented combina-
tion maintained a top 10 position of all hip combinations
implanted in NZ between 2003 and 2013.

Although studies have reported survivorship of this
Exeter Contemporary Flanged cup with Exeter V40 stem
(Stryker Orthopaedics) combination,® few have examined
PROMs. A more thorough investigation of this cemented
cup-and-stem combination specific to osteoarthritis that
includes short-, medium- and long-term PROMs evaluated
against patient characteristics, comorbidities, and funding
pathways may identify specific predictors affecting
PROMs and populations susceptible to poorer outcomes.

Prospectively gathered data from a regional registry
were used to examine preoperative, l-year, S-year,
10-year, and 15-year PROMs in primary THA for osteo-
arthritis with this cup-and-stem cemented combination
against patient characteristics age, sex, and body mass
index (BMI); comorbidities based on American Society
of Anesthesiologists (ASA) rating; and funding path-
ways. Oxford Hip,"> WOMAC, and health-related quality
of life Veterans Rand 12-item (VR-12)'* scores were ana-
lysed. The VR-12 has been validated by cross-system
comparisons. "

We aimed to report PROMs for this implant combina-
tion up to 15 years, establish a benchmark methodology for
future studies of other implant combinations in this region,
and determine predictors of these PROMs to guide THA
management in this region of interest.

Method

Data source and collection

Tauranga Orthopaedic Research (TOR) is a non-profit
organisation in the Bay of Plenty region of NZ which
maintains a mandatory registry of all regional joint arthro-
plasty surgeries. The TOR registry is independent of the
NZ National Joint Registry and includes procedures from
2 public and | private hospital. Data are collected with

patient consent and entered into the Standardized
Orthopaedic Cartilage Repair and Treatment Evaluation
Software (SOCRATES version 3.5.8.26 10150).

The TOR registry collects Oxford, WOMAC, and
VR-12 as their routine standard of care for THA preopera-
tively, at 1 year postoperatively, at 5 years postoperatively,
and every Syears thereafter. The University of Waikato’s
Human Research Ethics Committee granted ethical
approval to analyse the database for this study
(HREC2023#12).

Anonymised prospective observational data from |
January 2003 to 30 June 2023 were retrieved in July 2023.
Data were eligible for analysis when patients underwent
primary THA for osteoarthritis and received an Exeter
Contemporary Flanged cup with Exeter V40 stem combi-
nation within the set observational period. Patient data
needed to contain at least 1 of the PROMs at any of the
timepoints of interest to meet inclusion. A pairwise dele-
tion approach was implemented to handle missing PROM
scores at any timepoint (questionnaires not returned,
incomplete questionnaires or withdrawal from the study at
that timepoint) so that all available data were used in sta-
tistical analysis (Figure 1).'

Outcomes

We considered preoperative PROM data as scores recorded
at any point preoperatively; 1-year data as scores recorded
from 10-14 months postoperatively; S-year data as scores
recorded from 4-6years postoperatively; 10-year data as
scores recorded from 9-1lyears postoperatively; and
15-year data as scores recorded from 14-16years postop-
eratively. Although 15-year data were available for some
patients, not all measures of interest had observations.
Consequently, comparison of PROMs up to 10years post-
operatively were included in subgroup analysis.

Predictors

The predictors extracted from the database included patient
age, sex, BMI, ethnicity, ASA rating, and funding pathway.
Age and BMI were treated as continuous variables. Other
predictors were treated as categorical or rank variables,
and included sex (female, male), funding pathway (public,
private), ethnicity (NZ European, Maori, Other), and ASA
rating (a single ASA 4 observation was recoded as ASA 3
for analysis). “Other” ethnicity included “undetermined”,
“undisclosed”, and any ethnicity not recorded as Maori or
NZ European.

Data analysis

Data were inspected and normality of distribution verified.
Descriptive statistics were computed for all variables,
including counts, means, standard deviations (SD), and
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Cemented THA population
n=388

No PROMS recorded
n=125

Atleast one PROM recorded
n=263

FreCp
Oxford =263
WOMAC =262
VAH2=263

1-Yeer
Oxord =238
WOMAC = 235
VR-12=240

Deceased = 10
Revisions = 3*

5-Years
Oxford =180
WOMAC =179
VA12=183

Revision =4*

15-Years
Qdord =66
WOMAC =67
VR12=66

Figure 1. Flow chart depicting sample sizes, deaths

and revisions at each follow-up period. All unaccounted
observations were those lost to follow-up (questionnaires
not returned, incomplete questionnaires or withdrawal from
the study at that timepoint). *See Supplemental Table 2 for
detailed reasons for revision and revision type.

ranges (minimum, maximum). Continuous numeric
dependent variables were compared using 2-sample #-tests
when normally distributed. Normal sampling mean distri-
bution was assumed in samples =30 according to central
limit theorem given parametric tests produce more accu-
rate and precise estimates with higher statistical powers."”
Where variances were unequal, Welch 2-sample t-tests
were performed. Analysis of variance (ANOVA) tests

were performed to compare predictors with more than 2
categories, dependent on ANOVA assumptions being
met.'® The Tukey method was used in post-hoc testing.

Multiple linear regression analyses were performed on
preoperative and postoperative PROMs to determine if
any of the predictors correlated to any of the PROMs. The
Bayesian Information Criterion was used to determine best
model fit.!” Estimates and coefficients of determination
(R?) were extracted from the regressions to quantify the
association between predictors and outcomes, as were
standard errors to quantify uncertainty of estimates.
Possible predictors of preoperative scores included age,
ethnicity, sex, funding pathway, BMI, and ASA rating.
Postoperative predictors included the same factors, but
also preoperative scores as these have been identified as
possible predictors of postoperative scores.? Collinearity
was investigated with variance inflation factor and condi-
tion index. Significance levels were set to p<0.05 and
confidence intervals to 95% (lower, upper). All statistical
tests were performed using RStudio 2023.09.1 build 494
“Desert Sunflower” statistical software.”!

Results

A total of 388 THA s met inclusion for the defined period.
Observations that did not have at least | PROM recorded
were excluded, leaving 263 THAs for analysis (Table 1),
with follow-up rates of 91%, 68%, 53%, and 26% at 1, 5,
10, and 15years, respectively. Of the 263 observations
with at least 1 PROM recorded, females accounted for
54.3% (n=143), ASA 2 rated patients for 62% (n=164)
and NZ Europeans for 92.1% (n=242). The mean age of
patients at surgery was 7 1.4 years (range 46-92) and mean
BMI 28.01 kg/m? (range 18.2-50.4). Five males and seven
females received bilateral THAs. The standard 150-mm
stem length accounted for 92.3% of all stems implanted,
with 125-mm accounting for 4.6% and 205-mm at 0.7%.
Stem length was not recorded in 2.4% of observations. No
statistically significant differences in mean age, BMI or
factor proportions between the total sample of 388 and the
evaluated 263 observations were noted (Supplemental
Table 1). Seventeen revisions during the observation
period were noted. (Supplemental Table 2).

Patient-reported outcome measures

Descriptive statistics of PROMs, including the subscales of
both WOMAC and VR-12, are reported in Table 1 for pre-
operative, 1-, 5-, 10-, and 15-year timepoints. l-way
ANOVA revealed statistically significant differences in
mean Ox ford, WOMAC, and VR-12 scores between at least
2 timepoints. Post-hoc testing revealed preoperative PROMs
were statistically significantly different to their respective
1-, 5-, 10-and 15-year postoperative PROMs. There were no
significant differences in postoperative PROMs between
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Table |. Descriptive statistics of preoperative patient characteristics for observations with at least | patient-reported outcome

measure.
Sex Funding pathway Ethnicity
Variable  Sample Male n=120 Female n=143 Public n=87 Private n=176 NZEU n=242 Maorin=9 Othern=12
n=263 (45.6%) (54.4%) (33.1%) (66.9%) (92.1%) (3.4%) (4.5%)

Age* 7138867 7084+835 7183+894 71.75+878 7120+864 71.90+840 66.00+-847 64831087
BMP 2801 =475 28.14+357 2790+558 2868+424 2775+492 2795+484 3095+254 27.62+377

ASA Grade®

| 49 (19%) 22 (18%) 27 (19%) 13 (15%) 36 (20.5%) 46 (19%) 2(2.2%) 1 (8.3%)
] 164 (62%) 72 (60%) 93 (65%) 46 (52.5%) 118 (67%) 151 (62%) 3(3.3%) 10 (83.4%)
1] 46 (18%) 26 (22%) 20 (14%) 24 (28%) 22 (12.5%) 41 (17%) 4 (4.5%) 1 (8.3%)
v - - - - - - - -

Not 4 (2%) 1 (0%) 3(2%) 4(35%) - 4 (2%) - -

recorded

ASA, American Society of Anesthesiologists Physical Status classification; BMI, body mass index; NZEU, New Zealand European.

*The values are given as the mean and the standard deviations.

"Values are given as the number of patients, with percentage (number of patients divided by the total) in parentheses. Due to missing values, some

categories do not equal the total number of patients for each column.

their respective 1-, 5-, 10-, and 15-year timepoints. Mean
postoperative VR-12-physical scores for the sample were
worse with scores less than the standardised T-score metric
mean of 50 (Standard deviation=10) across timepoints. In
contrast, mean postoperative VR-12-mental scores were
better, with scores greater than the standardised score of 50.

All mean preoperative PROMs were statistically sig-
nificantly poorer in females than males (p < 0.041) (Table
2). Postoperatively, WOMA C-total and function scores for
females were also statistically significantly poorer 1-year
and 5 years postoperatively, as were WOMAC-motion and
VR-12-physical scores 1-year postoperatively. Males and
females showed no statistically significant difference in
postoperative Oxford, WOMAC-pain, or VR-12-mental
scores at 1, 5, and 10 years postoperatively.

Publicly funded patients had statistically significantly
poorer preoperative PROMs and poorer postoperative
PROM s than privately funded patients across most outcomes.
Mean WOMAC-pain at 10years, VR-12-mental at 1-year,
and WOMAC-motion at 1, 5, and 10years postoperatively
were still poorer in publicly funded patients, although not
reaching statistical significance (p=0.053) (Table 3).

I-way ANOVA revealed no statistically significant differ-
ences in any preoperative PROMs, postoperative WOMAC-
pain, or postoperative VR-12-mental scores at any timepoint
between ASA ratings. However, postoperative Oxford,
WOMAC-function, WOMAC-motion, and VR-12-physical
scores were typically poorer with higher ASA ratings at vari-
ous timepoints. There were no statistically significant differ-
ences in any outcomes between ethnicities.

PROM predictors: preoperative

No statistically significant collinearity between predictors
was identified. Regression analysis indicated preoperative

Oxford and WOMAC scores were negatively influenced
when funding pathway was public, patients were females,
and BMI was greater (Table 5). Preoperative scores for
VR-12 were also negatively influenced when funding
pathway was public, and patients were females.

PROM bpredictors: postoperative

As ANOVA testing of PROMs revealed no statistically sig-
nificant difference in scores from l-year to 15years post-
operatively, 1-year scores were used as the main outcome
in regression analysis given the greater number of observa-
tions. As sex, funding pathway, and BMI were significant
predictors of preoperative scores, they were removed as
postoperative predictors. Therefore, regression models
considered preoperative score, age, ethnicity, and ASA rat-
ing. Preoperative score was a statistically significant pre-
dictor of postoperative score for all PROMs (Table 6).
Increased age and ASA 3 category were additional statisti-
cally significant predictors of poorer postoperative
WOMAC-function and VR-12-physical scores.

Discussion

Our results indicate that primary THA with the specified
cemented cup-and-stem combination for osteoarthritis
improves PROMs in patients at I-year postoperatively and
that improvement is maintained in those without revision
to 15 years post-surgery. Patients who were female, in the
public system, and who had greater BMIs presented with
poorer preoperative PROMs. Poorer preoperative PROMs
negatively influenced postoperative scores across time-
points. For some outcomes, postoperative PROMs were
negatively affected by higher comorbidity status (based on
ASA rating) and increased age at surgery.
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Table 2. Descriptive statistics of patient-reported outcomes.

PROM Sample Mean = SD Range ANOVA Mean diff (95% Cl) Post hoc
(n) (min-max) (p-value) (p-value)

Oxford (0-48)*

Pre-op 263 17.75+873 2-47 <0.001*

I-year 238 41.30+7.06 8-48 -23.38 (-25.35—21.42) <0.001*

S-year 180 41.62+7.48 1248 —0.49 (-2.66—1.68) 0.970

10-year 139 41.30+8.46 9-48 —0.13 (-2.64-2.39) 0.990

15-year 66 39.44+9.58 1348 -2.05 (-5.36-1.26) 0.440

WOMAC total (0-96)®

Pre-op 262 54.82+19.27 0-96 <0.001*

I-year 235 1236 +12.68 0-67 42.46 (38.41-46.52) <0.001*

S-year 179 13.18 = 14.47 0-68 0.82 (-3.66-5.30) 0.987

10-year 137 14.66 +16.32 0-78 1.47 (-3.65-6.60) 0.935

15-year 67 1891 +21.01 0-89 —4.25 (-10.98-2.48) 0417

WOMAC pain (0-20)°

Pre-op 262 11.02+4.01 0-20 <0.001*

I-year 235 1.69+2.49 0-14 9.33 (8.49-10.16) <0.001*

S-year 180 1.87 = 3.04 0-15 0.17 (-0.76-1.09) 0.990

10-year 139 2.45+3.58 0-14 0.59 (-0.47-1.64) 0.550

15-year 67 3.15+424 0-18 —0.70 (-2.09-0.69) 0.650

WOMAC function (0-68)®

Pre-op 262 39.05+14.35 29-68 <0.001*

I-year 235 9.30+9.68 0-48 29.74 (26.71-32.78) <0.001*

S-year 180 10.00+11.20 0-53 0.70 (-2.64-4.05) 0.980

10-year 138 10.88 + 12.07 0-58 0.87 (-2.95-4.69) 0.970

15-year 67 13.87 +15.39 0-63 -2.99 (-8.02-2.04) 0.480

WOMAC motion (0-8)®

Pre-op 262 476+ 1.71 0-8 <0.001*

I-year 235 1.36 % 1.43 0-6 3.39 (3.01-3.78) <0.001*

S-year 179 125+ 1.39 0-6 -0.12 (-0.54-0.31) 0.950

10-year 137 1.35+ 1.56 0-6 0.11 (-0.38-0.59) 0.980

15-year 67 1.90 = 1.96 0-8 —0.55 (-1.19-0.09) 0.140

VR-12 physical (x=50)¢

Pre-op 263 26.52+822 8.5-54.6 <0.001*

I-year 240 4336+ 1098 8.1-62.6 —-16.85 (-19.34—14.35) <0.001*

S-year 183 4355+ 11.76 7.6-60.3 0.18 (-2.56-2.93) 0.990

10-year 138 4351 +10.49 9.9-60.7 0.03 (-3.19-3.12) 0.990

15-year 66 41.59+9.46 17.8-56.4 1.92 (-2.26-6.11) 0.720

VR-12 mental (x=50)<

Pre-op 263 4382+ 1285 15.6-68.2 <0.001*

I-year 240 5191 +94I 14.6-67.4 -8.09 (-10.61—-5.57) <0.001*

S-year 183 51.78 =831 15.7-64.7 —0.13 (-2.90-2.64) 0.990

10-year 138 53.87+9.26 26.4-70.0 2.09 (-1.09-5.28) 0.376

15-year 66 5486 +9.31 18.8-71.0 0.98 (-5.21-3.24) 0.970

Diff, difference; PROM, patient-reported outcome measure; Cl, confidence interval; WOMAC, Western Ontario and McMaster Universities Arthri-

tis Index; VR-12, Veterans Rand 12-item heath survey.

*Oxford Hip Score minimum is 0 and the maximum score is 48 with poorer scores being closer to 0.
SWOMAC minimum scores are 0 with 0 being the better score.
“VR-12 ideal score is =50 and acceptable is within | standard deviation either side.

Note: Post hoc p-value represents the pairwise comparison of the previous timepoint to the current timepoint.

*Significance is set at p<0.05.

The substantial improvement in PROMs seen post-sur-
gery up to 15years with this cemented cup-and-stem com-
bination sets a benchmark against which PROMs from

other cemented or alternative implant combinations in the
same or similar populations can be measured. Mean 1-, 5-,
and 10-year Oxford scores were over 41, corresponding to
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Table 3. Male versus female patient-reported outcomes.

PROM Male Female Mean diff (95% CI) p-value
n Mean = SD n Mean = SD
Oxford (0-48)*
Pre-op 120 19.17 =8.70 143 16.55 = 8.62 —2.62 (—-4.73—0.50) 0.015*
|-year 114 41.97 =631 134 40.47 =7.56 -1.50 (-3.31-0.31) 0.104
S-year 83 4277 = 6.63 97 40.63 =8.02 -2.14 (—4.33-0.05) 0.055
10-year 72 4226+743 71 40.82+872 —1.44 (—-4.24-1.3¢) 0311
WOMAC total (0-96)°
Pre-op 120 51.77+19.20 142 57.40 = 19.02 5.63 (0.96-10.29) 0.018*
|-year 103 10.51 = 11.81 132 1381 +13.18 3.30 (0.04-6.57) 0.047*
S-year 82 10.66 = 13.01 97 1532+ 1581 4.66 (0.34-8.98) 0.034*
10-year 63 13.63=15.21 74 15.53+17.27 1.72 (-3.65-7.44) 0.501
WOMAC pain (0-20)®
Pre-op 120 10.38 =3.77 142 11.56=4.13 1.18 (0.21-2.15) 0.017*
I-year 103 1.46 229 132 1.88+2.62 0.42 (-0.23-1.06) 0.207
S-year 82 1.52+2.69 98 2.15+3.30 0.63 (-0.27-1.53) 0.168
10-year 63 229+3.37 76 259+375 0.3 (-0.90-1.51) 0617
WOMAC function (0-68)®
Pre-op 120 3692+ 1429 142 40.85 = 14.21 3.93 (0.45-7.41) 0.027*
I-year 103 7.90 £9.02 132 10.39 = 10.07 249 (-0.00-4.98) 0.050
S-year 82 799+9.62 98 11.69+12.17 3.70 (0.50-6.91) 0.023*
10-year 63 10.13 = 11.40 75 11.51 = 12.64 1.38 (-2.71-5.47) 0.505
WOMAC motion (0-8)°
Pre-op 120 475+1.80 142 499 = 1.6l 0.24 (0.10-0.93) 0.015*
|-year 103 1.14+1.28 132 1.54 = 151 0.40 (0.03-0.77) 0.032*
S-year 82 115+ 1.37 97 1.33+ 1.40 0.18 (-0.23-0.60) 0.380
10-year 63 122+ 1.46 74 1.46 = 1.63 0.24 (-0.29-0.77) 0.376
VR-12 physical (X =50)°
Pre-opt 120 28.13+8.56 143 25.16=7.70 -2.97 (-4.94—0.99) 0.003*
|-year 104 4598 +9.75 136 4136+ 11.47 —4.62 (-7.39—1.87) 0.001*
S-year 82 4497 = 11.61 101 4239+ 11.83 -2.58 (-6.02-0.86) 0.141
10-year 62 43.64+993 76 43.41=1099 -0.23 (-3.79-3.34) 0.901
VR-12 mental (X =50)°
Pre-op t 120 4559 + 12.68 143 4234+ 1286 —-3.25 (-6.36—0.13) 0.041*
|-year 104 52.85+7.52 136 5120+ 10.61 —1.65 (-3.96-0.66) 0.160
S-year 88 53.02+7.67 101 50.78 =8.70 -2.24 (-4.66-0.19) 0.070
10-year 6l 52.67 =894 76 54.85+9.46 2.18 (-0.95-5.30) 0.170

Diff, difference; PROM, patient-reported outcome measure; WOMAC, Western Ontario and McMaster Universities Arthritis Index; VR-12, Veter-
ans Rand 12-item heath survey.

*Oxford Hip Score minii is 0 and the maxi score is 48 with poorer scores being closer to 0.

BWOMAC minimum scores are 0 with 0 being the better score.

VR-12 ideal score is =50 and acceptable is within | standard deviation either side.

*Significance is set at p<<0.05.

Note: Post hoc p-value represents the pairwise comparison of the previous timepoint to the current timepoint.

a Kalairajah category 1 (excellent) rating.”> Mean 15-year  important change value of 11,2 suggestive of meaningful

Oxford scores were 39.44, corresponding to a category 2 improvements for patients.

(very good) rating.”> Poor 6-month Oxford scores have We identified preoperative PROMs as significantly
been identified as a risk factor for early revision within influencing postoperative PROMs, consistent with previ-
2years;” thus, our implant combination’s Oxford score  ous studies.>?* Poor preoperative scores across multiple
suggests low early-revision risk, which needs confirma-  PROMs increase likelihood of patient dissatisfaction post-
tion via survivorship analysis. The mean difference in pre-  operatively.”® Our regression models revealed patients

and postoperative Oxford scores (>>23) is substantially =~ who are female, in the public system, and have higher
higher for this implant than the estimated minimally BMIs were associated with poorer preoperative functional
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Table 4. Public versus private patient-reported outcomes.

PROM Public Private Mean diff (95% ClI) p-value
n Mean = SD n Mean = SD
Oxford (0-48)*
Pre-op 87 10.89 + 5.66 176 21.14+797 10.25 (8.57-11.93) <0.001*
|-year 73 38.60 = 8.46 165 4244 +6.05 3.84 (1.47-581) 0.001*
S-year 58 3943 +9.11 122 42.66+6.32 3.23 (0.586-5.86) 0.017*
10-year 32 37.53+9.56 101 4274+725 5.21 (1.502-8.920) 0.006*
WOMAC total (0-96)°
Pre-op 86 69.72+ 14.06 176 47.55+17.19 -22.17 (-26.38—17.97) <0.001*
I-year 70 16.69 = 1491 165 1053 =11.14 —6.16 (-10.093—2.224) 0.002*
S-year 56 18.11 £17.09 123 10.94 = 13.01 =7.17 (-12.27—2.06) 0.006*
10-year 32 21.56=17.20 105 12.55 = 15.53 -9.01 (-15.37—2.65) 0.005*
WOMAC pain (0-20)°
Pre-op 86 1381 +3.13 176 9.66 +3.68 —4.151 (-5.06—3.25) <0.001*
|-year 70 2.54+3.02 165 1.34+2.13 -1.20 (-1.99—0.42) 0.003*
S-year 57 2.63+3.75 123 1.51 £2.59 -1.12 (-2.21—0.03) 0.045*
10-year 32 341 =36l 107 2.17 £3.53) —1.24 (-2.65-0.18) 0.086
WOMAC function (0-68)
Pre-op 86 50.07 = 10.43 176 33.66=12.86 —16.41 (-19.34—13.48) <0.001*
|-year 70 1259+ 11.15 165 791 +8.65 —4.68 (-7.64—1.72) 0.002*
S-year 57 13.61 = 13.12 123 8.33+9.8I —-5.28 (-9.16—1.40) 0.008*
10-year 32 16.47 = 12.76 107 9.19+11.38 -7.28 (-11.95—261) 0.003*
WOMAC motion (0-8)®
Pre-op 86 584+ 1.54 176 423+ 1.54 -1.61 (-2.01—1.21) <0.001*
I-year 70 1.56 = 1.52 165 1.28+1.38 -0.278 (-0.68-0.12) 0.173
S-year 56 1.57 + 1.59 123 1.10=1.26 -0.473 (-0.95-0.01) 0.053
10-year 32 1.69 + 1.67 105 125151 —0.44 (-1.06-0.18) 0.162
VR-12 physical (x=50)c
Pre-op 87 23.04+5.74) 176 2823+8.72 5.19 (3.42-6.97) <0.001*
I-year 74 3992+ 11.06 166 4490 = 10.62) 498 (2.01-7.93) 0.001*
S-year 59 3897+ 13.18 124 4572+ 10.40 6.75 (2.88-10.63) 0.001*
10-year 32 37.19+10.82 106 4543 +9.65 8.24 (4.28-12.20) <0.001*
VR-12 mental (X =50)¢
Pre-op 87 3464+ 1153 176 4836+ 10.92 13.72 (10.85-16.59) <0.001*
|-year 74 50.27 = 10.76 166 52.64 ~8.68 2.37 (-0.44-5.18) 0.098
S-year 59 49.29+10.26 124 5297 +6.93 3.68 (0.74-6.60) 0.015*
10-year 32 4894 +8.85 106 55.36 =8.90 6.42 (2.88-9.97) <0.001*

Diff, difference; Cl, confidence interval; PROM, patient-reported outcome measure; WOMAC, Waestern Ontario and McMaster Universities Arthri-

tis Index; VR-12, Veterans Rand |2-item heath survey.

*Oxford Hip Score minimum is 0 and the maximum score is 48 with poorer scores being closer to 0.

SWOMAC minimum scores are 0 with 0 being the better score.

“VR-12 ideal score is =50 and acceptable is within | standard deviation either side.

*Significance is set at p << 0.05.

Note: Post hoc p-value represents the pairwise comparison of the previous timepoint to the current timepoint.

and mental scores, which may predispose them to postop-
erative dissatisfaction. Studies show that females are more
likely opposed to surgery due to competing responsibili-
ties, need more information before deciding, and are less
likely to be sent to a specialist; therefore, females drop to a
lower preoperative functional level than males.”’ These
observations align with our findings, wherein females’
preoperative scores were lower than males. Alongside
poorer functional and mental preoperative scores, females

also tend to have higher rates of depression, lower back
pain, and comorbidities than males.?® In the TOR registry,
there was a greater number of females undergoing surgery
than males, consistent with national THA surgery data
from NZ and other parts of the world.* In the USA, not
only are more females having THA surgeries,” they are
also more likely to be older, have higher BMIs, and need
preoperative support than males.” In a Korean study of
over 1.15million females, reproductive factors (e.g., later
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Table 5. Multiple linear regression results for preoperative patient-reported outcomes.

PROM n Model p-value R? Estimate STD Error p-value
Oxford pre-op 263 <0.001* 033

(intercept) 2691 294 <0.001*
BMI -0.25 0.10 0.015*
Sex (Male) 320 0.98 0.001*
Funding (Public) -10.46 1.10 <0.001*
WOMAC total pre-op 262 <0.001* 0.34

(intercept) 22.55 7.80 0.004*
BMI 0.95 0.28 <0.001*
Sex (Male) -7.80 245 0.002*
Funding (Public) 22.85 28I <0.001*
WOMAC pain pre-op 262 <0.001* 0.29

(intercept) 5.14 1.67 0.002*
BMI 0.17 0.06 0.005*
Sex (Male) -1.46 0.52 0.006*
Funding (Public) 437 0.60 <0.001*
WOMAC function pre-op 262 <0.001* 033

(intercept) 14.59 5.84 0.014*
BMI 0.73 0.21 <0.001*
Sex (Male) -5.67 1.83 0.002*
Funding (Public) 16.76 211 <0.001*
WOMAC motion pre-op 262 <0.001* 0.24

(intercept) 292 0.77 <0.001*
BMI 0.05 0.03 0.053
Sex (Male) -0.71 0.24 0.004*
Funding (Public) 1.79 0.28 <0.001*
VRI2 physical pre-op 263 <0.001* 0.12

(intercept) 27.30 0.88 <0.001*
Funding (Public) -5.82 1.33 <0.001*
Sex (Male) 292 119 0.015*
VRI2 Mental pre-op 263 <0.001* 0.30

(intercept) 47.18 1.18 <0.001*
Sex (Male) 5.50 1.60 <0.001*
Funding (Public) -14.48 1.79 <0.001*

ASA, American Society of Anesthesiologists physical status classification; PROM, patient-reported outcome measure; STD, standard; WOMAC,
Waestern Ontario and McMaster Universities; Arthritis Index; VR-12, Veterans Rand 12-item health survey.

*Significance set at p << 0.05.

onset of menarche, longer time breastfeeding, hormone
replacement treatment, and oral contraceptive use) were
associated with higher risk for severe osteoarthritis and
need for THA *® Further investigation into sex differences
in THA is required to improve patient care — particularly of
females — and may need to be considered in future risk-
stratification models,?® which should include more detailed
reproductive history notetaking. Sex disparity in referral
for surgery also warrants consideration.

Consistent with our observations, Greene et al.?! identi-
fied that patients using public funding pathways for THA
report poorer preoperative and postoperative PROMs than
those using private funding. Poorer public outcomes are
often attributed to longer wait times; however, literature
indicates the effect of increased waiting time on THA out-
come is unclear or inconsistent,’? and that sex, age, and

certain modifiable risk factors (e.g., BMI, income level,
and comorbidities) impact postoperative outcomes to a
greater extent.* Higher BMI has also been identified as a
risk factor for increased complications and poorer postop-
erative THA outcomes.** Taken together, our findings sup-
port existing literature that women, public patients, patients
with higher BMI, older patients, and patients with comor-
bidities (i.e., higher ASA ratings) are at greater risk of
poorer postoperative THA outcomes and require greater
preoperative and postoperative support. Specifically, these
patients may benefit from additional mental and functional
prehabilitation and rehabilitation support. Recording
comorbidities in more detail than relying on ASA ratings
within registry data may also help discern more specifi-
cally those conditions that may increase risk of poor THA
outcomes.
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Table 6. Multiple linear regression results for postoperative patient-reported outcomes.

PROM n Model p-value R* Estimate STD Error p-value
Oxford post-op 238 <0.001* 0.07

(intercept) 36.81 1.12 <0.001*
Oxford pre-op 0.22 0.05 <0.001*
WOMAC total post-op 235 <0.001* 0.15

(intercept) 329 274 0.232
WOMAC total pre-op -0.70 2.08 <0.001*
ASA Il =11 2.04 0.586
ASA I 7.66 285 0.008*
WOMAC pain post-op 235 <0.001* 0.07

(intercept) 0.12 0.46 0.796
WOMAC pain pre-op 0.15 0.04 <0.001*
WOMAC function post-op 235 <0.001* 0.20

(intercept) -10.77 5.97 0.073
WOMAC function pre-op 0.18 0.04 <0.001*
Age 0.19 0.08 0.024*
ASA Il -1.40 1.59 0.380
ASA I 5.67 223 0.012*
WOMAC motion post-op 235 0.005* 0.04

(intercept) 0.65 029 0.024*
WOMAC Motion pre-op 0.17 0.06 0.005*
VRI2 physical post-op 240 <0.001* 0.28

(intercept) 58.54 6.66 <0.001*
VRI2 Physical pre-op 0.53 0.08 <0.001*
Age -0.40 0.09 <0.001*
ASAll -0.66 1.82 0717
ASA I -5.56 252 0.029*
VRI12 mental post-op 240 <0.001* 0.11

(intercept) 40.77 248 <0.001*
VR 12 Mental pre-op 0.25 0.05 <0.001*

PROM, patient-reported outcome measure; VR-12, Veterans Rand 12-item health survey.

*Significance set at p <<0.05.

Although preoperative PROMs, ASA rating, and age
were identified as significant predictors of postoperative
PROMs, these factors only explained between 7 and 28%
of the variance (Table 5). Hence, other factors not included
in our analysis likely influence the variation in postopera-
tive scores within our population. One such factor may be
smoking status. Yue et al.*® identified 4 studies where
smoking negatively affected postoperative THA PROMs
between 6months and 1—year. Smokers are reported to
exhibit lower postoperative Oxford® and Harris hip”
scores and an increased use of painkillers and anti-inflam-
matories*® than non-smokers and ex-smokers. In smokers,
PROMs were more likely to stagnate initially, and decline
over time.*® It may be beneficial to record smoking status
in future THA studies and registries.

Few THA patients in the TOR registry were Maori
(4%), with a lower representation than the NZ joint regis-
try at 7%.* Considering Maori make up 29% of the Bay of
Plenty region, 17% of the NZ population, and 16% of
Maori are >5S5years, uptake of surgery by Maori is

relatively poor.’ Bourke et al.* identified competing
responsibilities (prioritising work and family), disrupted
mana' (feeling disempowered), and systemic abdication
(inconsistent information/diagnosis) as contributing fac-
tors to healthcare accessibility for Maori, which may
explain their under-representation as THA patients. Social
deprivation and socio-economic inequities are potential
sources of health inequity for Maori,*! which can extend to
THA. Low numbers of Maori and “Other” patients made it
challenging to discern differences based on ethnicity,
which is further complicated due to the diversity of “Other”
ethnicities.

Limitations

Observational studies are limited in their ability to define
causation; however, they can identify associations between
risk factors and a response variable. Additional variables,

such as smoking status, physical activity, analgesic and
anti-inflammatory use, rehabilitation programmes, and
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specific comorbidities were not documented in the registry
and therefore not analysed. Older age was identified as a
predictor of poorer health scores. However, health scores
also tend to deteriorate over time as age increases regard-
less of surgery and this was not noted most likely due to
small sample sizes at 1Syears. Two thirds (66%) of all sur-
geries within the TOR registry were privately funded,
which is higher than the 2023 NZ rate of 49%.% Hence,
generalisation of our findings is not ensured to regions
where the proportion of publicly funded surgeries is
greater. Further, PROMs recorded by patients are subjec-
tive, susceptible to bias, and dependent on accurate recall.

Conclusion

The cemented combination studied demonstrated excel-
lent PROMs out to 15 years with the association of poorer
preoperative PROMs in THASs that were publicly funded,
in females and those with higher BMIs, and association of
poorer preoperative PROMs, older age and ASA 3 rating
variables to poorer postoperative PROMs. Patients with
poorer preoperative PROMs may require additional pre-
operative support to improve their postoperative out-
comes, encompassing both functional and mental
strategies. These patients, as well as those who are older
and present with higher ASA ratings, may require addi-
tional postoperative support. These associated variables,
sex, ethnic disparity and accessibility to surgery need fur-
ther research in NZ.
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1. Mana- Power, authority, or prestige; spec. (in Polynesian
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and which can be transmitted or inherited.*
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Introduction

Todbmm)uvﬂymw
successfal, and significantly improves quality of Life i
Seats with advanced hip cthritis [1]. While Le-
mhnbnnybauduuﬂnmﬂnd
ndiogrphic cutcomes [2]. thare i a poming emphasis
ca patient-reported outcome measwes (PROM:) 23 aitical
success mdicators of hip artbroplasty (3, 4]. When 2ew or
wparaded mplants are introduced, they are often assumed
to performs at Jeast 23 well as their predecessors, ad stad-
mn@dyﬁmuwwxvﬂﬁw Howenwr, 2 rezmains to be
inod whether Sey offer ble patient-reported
chxalbcdxmmduymmnﬂm

The Exetnr® Coatecporary Flanged cup (ECF) was the
05t popular d cup in Now Zealand (NZ) w=ail the
introduction of the Exetar® X3 Rimfit cup (Rizfit) in 2010,
which was ixtended to improve wear [5] with the introduc-
tica of highly-crossizked polyethyless. A smgle ceatre
study (n=108) reported excelleat (=41) [6]) 10-year ECF
Oxxcford bip scores, with 3 median OFHS of 43 our of 45 [7]:
dalhw‘dnpuﬂpu study on the ECF

=263) repornd a good (34-41) [6] mean OHS score of
395*958[3](:»::50)1&@&:1»“
well in studies, exhibiting 3 good mean OHS [§] of 38.527 9
(n=178) at 6 meaths and an excellent [6] wcore of 424262
(n=44) at 5 years in a NZ regicaal joint regiswry study i
eldacly patients [9].

Oz recent study ideatified Do evidence of wgnificant dif-
forences m survival or reasons for revision betwesa these
two cemented mplants [10], and while van Wintersudjk ot
al [11] ideatify good-to-axcellent OHS based oz
peblished threcholds [12]. in both mplanm, comparisca
caly coxpared 6 moaths and 5 years (n=261). No &iffer-
m'nibﬂt-ndmmmnxm&ﬂm

dictors of or leag-term ware mves-
np.d.'l'oa&nshg.nmﬂoxlqnlo
yoars betwosa the implants using a relattvely large NZ joint
npwy&aw(u-l”?)udw\mpdbmd
six patient ¢k istics ca PROM

Materials and methods
Data source and collection

Azooymied ly colk ‘mxhdﬂ

b3

qm&sm:nprydmhyofﬂuy
Joimt arthroplasty surgeries weparate from the NZ Naticzal
Joizt registry. With consent, patient data are entersd o
SOCRATES software (version 3.5.8.26 10150). The OHS,
Woestsrn Ontario and McMaster Umiversities Osteoarthri-
€35 Index (WOMAC), 2nd Veterans RAND 12-Item Hoakh
Suvey (VR-12) physical and meatal swcores e romtinely
collocted precpenatively and at l-ysar, S-year, and every
5 yoars thereafter The Univenity of Wakao's Human
Resexrch Ethics Committes (HREC2023212) pranted othi-
cal approval for this study. All analyses ware conducted
= RSmdio (Vieama, Amstia) [13], with methodological
oversight from a specialist in public bealth and biostatis-
unmun“md:p‘unhnnymd-uhn
coe PROM was recorded for p who apo-
mary THA for riritis with 3 d Exeter® V40
stems and eithar 3 Righly crosslinked polystylene Exetar®
X3 Riméfs cp or a3 Exeter® Coatamporary Flanged cup
(Seyker Orthopaedics, Makwab, NJ) with cogveational
polysthylene. Follow-mp windows were secessanily broad
dus to the regisry-based 2atwe of PROM collection; bow~
over, gvea the saability of PROM: beyond 12 months fol-
window is unkikely to have "‘M

This seady was reported follows P S
mdammmm
(14}

Patient-reported outcome measures

Prooperative PROM data comprized scores recorded pricr
o surgery. Follow-up data were defined as: 1-year (10-14
mead; possparativaly). 5-year (4-6 years postoperatively),
xd 10-year (5-11 ysars postop Xy)- To aid mterp

toa of di¥erences betwean imsplant coborts and patient sub-
m(nmwmn&mmw

using the prooparative scores Som each cobort. Although
amchor-based MCID: for OHS and WOMAC have been
published, MCID vakes are knomm o be populatica and
context dependent. Given &ffersaces in popalason charac-
toristics, beald system structae, and baseling PROM dis-
mmmmmuum

cemented my 'l'HAs for rthrits  perd

mlmmsumumsacrms-ms
M’Ol@m})n&&yofhmdMM
sotrioved i Jazuary 2024 fom the T

spplicable t the New Zealand arth p
mwmmwummv
fxctica 20t avaihble = regisry dann. We thare-

fore used 2 distibusion-based approach (0.5 SD of basel:
scores) to derive intermally conmsistent MCID thresholds
X %o the study population. While MCID is primardly

Research (TOR) regional jomt regemy. T&rnmfdx

Q Springer

dezigned to 33503s within-patient changes over time [16], 2
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can offer comtexmual insight into whethar cbiarved, between-
mowp dfarences xre likely to be clinically - -“[1']

wsm:«w.uu-mnm

A clinically meaningful differsnce = wore was & d one

that excesded our established MCID thresbolds. Forpaticat
ware collected and recorded separately for eack hip and cor-

respeaded to the specific srmical spisods.
Patlent characteristics
Patientch 1stics inchuded sex (male, fomale), ethaicity

(NZ Exropean, NZ Moz, Other), ASA nating (1. 2, 3, 4).
and funding source (public, private) weated as categorical
ar:ﬁnn.tln.nsbmndmm-om
3 d 3 umall, beterog
wwbpvq(u S)-d-uh.smm‘d&mﬁnh'
asalysis. The small zumber of ASA 4 ob sons (n=10)
were coaverted 1o ASA 3 for amalywis. Funding somrce was
w»-m«m:«.mm
funding wowce may be and wih soci
facton, it does Dot capture the multidimensicnal nature of
30C306CoDOmEC s2tus and was not interpreted s 2 diwect sur-
Togate for socioeccnomnc statas.

Statistical analysis

Baselz gorical (sex, ethmicity, ASA, funding) and
mean comtinucus (age, BMI) pasient charactenistics; and
Feoopenative, 1-yex, S-year, and 10-yexr OHS, WOMAC,
VR-12 phyucal and mextal boalth scores were detsrmined
for each componsat Missing daty were handled mimg
pawise deloticn, meaning that all avaibsble observa-
plndnmm\mmiagdnmhhn
incomplete qt or
$ﬂylﬂhnllm=ﬂnmmwm

oé' q B 20t all pats hdbod:

Frecp and postoperative scores available, coxp

weas b peecp 3 d, PtV DA WY
ducsd 3 los rtosts rather than

paired anlyut lbnpuw l-ysar, S-yeax, and

10-ysar PROM: within sach cobort were coxpared muing

ANOVA and post-boc Tukey. Postoperative cbsarvations

mor!sd'lmudu'pou [6] wers exmacted 0
charactsnistics.

To determine infiacatial paticnt ch 15%iCs 0B precp-
erative and postoperative PROM: in each cobort, we per-
hmdnhphh:nmmm&pm&bcmﬂ
amalyss, infin S35 Mnd
Durbin-Watica. Precparative scores ware included as pre-
dictors of postoparative scores and thus significant predic-
mdmmmm‘dhymm
amalysds o po = ] sagficance was
mup~0°5-'¢h9$‘vcdd-un-\'ah(a)h1nd
for all testing.

Results

A ol of 1630 (Rfit #=1267; ECF n=363) prmary
THA: met the inchasion citeria. Follow- up occurred wp to
a period of 10 years. Of thess, 1365 patients (84%) (Rimée
n=1102; ECF n=263) bad 2t Jeast coe complennd PROM
ndmxhunhmﬂsbbl)hn\m-
abbblbrnp epleson and mg 2% data, the

mcinded differed b lyses and
mmﬁmmho&hmuw
= the spoadng tables. Assumpticas of mltple linear
repessica were chocked ad met Normality was evalu-
ated visually maing Q-Q plots of residuals. Initial models
using untamsformed cutcome data i the Rimfie cobost™s
OHS and WOMAC PROM: showed devia-

nured by calendar Sme, with the pred oo
Mmmmsumsumm
implant betwesa 2010 and 2023, the two coberts ware Dot
exchangeable in time. As a result, iuplant growp was highly
correlated with ena-related factor including patient selec-
ton, penopenatve care, rehabiltaton pathways, regsTy
completeness, aad PROM coliecson practices. To aveid

perfors 2 pooled reession with implint 2 2 single expo-
smmxmhsﬂimlymmmm
each implant era to evak 205 and prog-

mxmnhcbcdmn-t:hudqhs
wa wed We d bl

— .

m“mwnﬂ!uhim
muonap.Mndmmlmm
and 10-ysar PROM: b : were

- —r

wﬁumﬁryn&m&h Howover, the amaly-
mmkaMh:ﬂ.bm
Ppasent variables and PROM:. Resulns
xe comdered robust despe £33 noted deparnre from sor-
mality. The large sample size Zmproves the precision of the
umndmnulwwhdoummt
33l for residnal confounding or other sources of bias
Mnmnpwydn
There was 3 significantly higher proportion of ASA 2
(p=0.004), ASA3 (p=0.007), and publicly funded paseats
(p<0.001) in the Rzt than the ECF cobort. No significant
dffarence = mean age or BMI betwesa coborts or berwsen
amy of theer six subgroups (sex, age, BMI ethmicity, fanding,
or ASA nating) was soted, except for where the ECF mean
BMI was statissically higher in ASA 3 patieans (p=0.031).
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Tatio} Pusers characteristios betwom implart compurt b 1.5, 223 10 ysars, except whars the Oxford S-year
- p— s £ - mms@:ﬁmﬂyhﬂhhlq&mub
Towle(%) 1365 ne %3 -
Rimfie, supporting imited divergence i loager-term out-
ey, SO o B e Gévea the Emind 10 years and Inck of
NH2RED TIIRRN T1 V2867 091 gy smmple sies 3t 10 yours
(mean=SD) sugnificant d&fference betwsean 1, 5, and 10-year PROM:, we
BME 2002485 28002493 2R01=2475 09% used 1-ysar PROM: 23 the postopenathe score for frdher
(mewn=SD) op due %0 its substantial sample size.
Sex,n (W)
Maie 543 i) 120 0ol Poor postoperative scores
O978%) (3R38%) “583%)
Femule o2 679 143(5437) 0031 : " ,
©002%)  (6162%) Thare were §7 patieats with poor postoperative OHS (<27)
ASA, s (%) [6] scores (n=60, Rimfit n=33, 63%: ECF a=7, 3.4%).
1 195 146 H(IREIN) 0041 Mmmw&hnunpu-m
(452%)  (1346%) of poer p ive wores, mean age (ECF
: 24 &0 ey 001 74.9210.1; Rizfie 71 63&3mp-0 366) o BMI (ECF
st e oone 266236 kym®. Rimfit 293247 kgw’, p=0.106). eth-
QLI  (2565%) zic groups (p=0.550). ASA ratings (p=0217), or fending
Mssing » 18 " " (p=0.654) berwsen the coborts. The small mumber of obsar-
Funding » (%) vaticas in the ECF cobort made it challenging to analywe in
Public 553 0 £7(.08%) <0001* further detadl (Supplementxry Table 1).
@317%)  (4559%)
Prvax 74 % % <omi*  Unear 2 PROMS
(STEIN)  (S441%)  E69N%) I
:—‘-N; . ° . Fuading sowrce was the swongest predictor (Le., largest
. == o e Cosicess) of baeize PROM: in bod coborts. Poblicly
GLBM)  (4AI%)  202%) hdndpam_w nb;unaﬂymm
Maxi H4AR%) S5(S11%) 3% 035 scores than privamly funded patieats, including~8-10
Other S5038%) S5S(046%) O 0.1%0 lower OHS, ~16-23 highar WOMAC, ~ 56 lower VR-12
Maeng % % 0 - yky\nlnﬂd-ulon\l-nn-lm Thew &f-

ASA, Amaican Socicty of AssGhosdloghts grading BMI, Body
mua index, ECF, Excter Comtemporary Flngad cop, NZEU, New
Zesland Furopesn, Rimfit, Exster X3 Rimfe cup

TVidues represent e number and percentage of males and fomales,
ASA 1,2, 3 and 4, peliic and grivate fusding, snd NZ Ewropean,
Maoei wnd other cthnicity withis esch cobort
'Sqniba-::ul,ﬁ)ﬁs

Miwing valucs have nx been mcladed in Joulets

PP

PROMS comparison

PROM compariscns betwosa implants can be found =
Table 2. No significant difference in mem precperative,
1-yeaz, S-year, or 10-year OHS, WOMAC, or VR-12 phys-
cal famction wores betwesa mplaat was poted VR-12
meatal scores were significantly higher preopenatively (2.5
podats, p=0.003), at 1-year (1.4 points, p=0.042), and at
Seyear (2.1 points, p=0.004) in the Rimét Within implants,
there was 2 significant time efect across all PROM:
md@ =0.001). Post-boc Tukey revealed significant
from baseline PROM: compared ®o 1, S,
lo-gun(p«-OWl) Thare weee 20 statistically sig-
aificant differences in mean PROM: within muplant coborts

S Springer

d ouwr Satica-bazed MCID across all
PROM:. Sex was abo a significant predictor, with males
woring~2-3 point betsr in OHS and VR-12 meanl and
MM~H7@§~¢.WOMACW»
foxmles. BMI showed 2 small satistcally sigaificant effect
ca precpenatve scores (OHS x -0.25;: WOMAC0.5-0.9)
peor 1 BMI unit increase, in bod coborts. In $he Rimfie. other
=g (e, highar comorbidity burden) associated with ~2-8
worse WOMAC and ~ 3-6 worse VR-12 physical and mea-
ol scores, and MSeri ethaicity associated with ~6 poiats
lower preoperatve VR-12 meatal scores compared with NZ
Europeans.

Uinear regression: postoperative PROMs

using the 1-ysar poswpanative wcores for regression due
to it larger sample wze and lack of sigmificant difference
bonm 1-yeaz, S-yeaz, and 10- year postoperative scozes.

ive PROM: comsistently exiubaed the largest pre-
M‘Mwm‘mmtm:
= both coborts, with each 1-point worse preopenative score
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Tadle2 Prevp asd PROMS
FROM [ 53 sl
=  Mom SD DN [95% C1)' MCIDF »  Mom SD INT [95% C1)' MCID?
Onford (0-43)
Pre=yp 7 182 289% 448 2 1775 2873 43 04
Postop lyewr 842 4129 2742 2306[2225, 2382 28 4130 2706 2243[21.06,2)81) 0.985
Postop Syewr 490 4288 2655 1 4182 2846 0.074
Putop 10-yee 124 4164 2867 139 4130 2958 0763
WOMAC 1ot (0-96)
Pre—p £27 5423 218851 926 M2 4R 291 964 0483
Potop lycwr 810 1412 21409 &.15[3860,4171) 235 1236 21268 040[3745,4215) 0.06%
Pustop Syewr 433 1241 21429 ™M 18 2l 0.540
Postop 10yee 124 1538 21723 17 1466 2l6R 073
VR-12 plysical (3 = 50)
Pre—yp 06 261 282 &1l 2 2652 2822 &1l oo
Patoplyew 840 401 21057 17051612, 1797) 240 4336 21098 1637(1458,1757) 0.405
Postop Syewr 487 4443 2037 w055 2% 0.280
Postop 10-yor 125 4223 21134 1M a5 208 0344
VR-12 mental (% = 50)
Pre=y K36 4636 2127 638 M) AR 2128 643 0005
Potop lycwr 840 5331 2940 649[549,748) 20 5191 2941 723[541,904) 0082
Putop Syew 437 5397 21000 K SIR 283 0.004¢
Postop 10yee 125 5516 288 18 5187 2926 0.250
ECF, Fxster Comtemporary Flanged cup, MCID, Mimimsd clissclly difference (dotnbatinbeed) Rimft,

Excter X3 Rissfit cupy, SD, standand devistion, Wllml-‘l.ﬁd—hﬂtmm WOMAC, We-tnoundwu»

venitios Index

"Diffresce calculated between the mesn preoperative score and the mean | o postoper stive score
IMCID calculniod wing the distrilution method of 0.5 » SD of the procpenstive score
Ip-value represents the comparison of the Rimfe scoee 10 the ECF score for Gt periad

“Significance level st wt p<005

associated with a 0.18-0.53-poimt worie postoperative wore
depending ca the PROM and implast type. In the Rimfie
cobort, age 2 surgery was 2 additonsl sigmificant predictor
of pooser posteperative OHS, WOMAC, and VR-12 phyui-
cal sceres (2 -0.1 to = 0.3 per year). In the Riméit cobort, oth-
=scity was also a cizically meaningful predictor, with Mson
patients having uigmificantly worie postoperatve OHS (~ -5
poiats), WOMAC (~+6 points), and VR-12 physical (~~ §
points) scores compared with NZ Ewropean. In the Rimfie
cobort, BMI was sigmificant caly for postoperatve VR-12
operative outcomes. In the ECF cobort, age at surgery pre-
dcted worse postoperative VR-12 phiysical scores (x —0.40
per yoar). ASA 3 was alio 2ated with worse p
mWOMAC(‘Hpcm)ndVl-llﬂyxd(SGpum)
mm{ln&l The R? values (0.06-0.34) fem
amalyos indicate that the incladed prods
qluedylnebﬁmdmm

Discussion

Auqﬂdwmtynhm-:ynhym

This stady ad idence zap by evalu-
qblnﬁn lo'ywmahifyuamk
the ECF comented cup. Distibusion-based MCID estimates
provide a weful beachmark to mmspret the cimical mean-
mgfulness of obwerved PROM changes [16, 18]. The OHS,
WOMAC, and VR-12 piysical scores all demonstrased sub-

stantial and saatistically significant ixpr £rom pre-
cperative to postoperative PROM;, far exceeding o MCID
throsholds of ~4.5, ~9, and ~ 6 respectively in both cobort.
Provicus research by Yoo et al. [19] indicated improved
piysical funcicn after THA, with OHS and WOMAC
mprovements being good indicators of THA success. The
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VR-12 mennl wcores & cur study showsd more modest
clmical changes but alio excesded o MCID of ~6 nd ~ 7

in the Rizsfit and ECF, respectively.
Postoperative PROMs comparison

No smtistically sigmificant diffarences bon‘. l-yeaz,
S-yeaz, and 10-ysar mean physical postop scores

wx ba: Soquendy been ascciaed with poorer pre- and
postoperative PROM: in THA. Females tead % present for
bidity burden [27), which may partdy refiect differences in
pain perceptons, booe merpbology. and delyyed access o
surgery [28]. Aloagsids these factors, highar rates of obesity
ndmpavmc-nhusm[‘ﬂ.m-;d

within each cobort ware noted. All mean postoperative
O!’Em-ao&d&mﬂumumd-u
[6). These Exding: i P PROM e
achioved usimg both mmplants, whick are sustained over 2
10-year pariod This comsistency reixforces the implaat
occuring in two different 10-year immrvals. Significantly
better preoparative meatal health scores in the Rimfit cobort
suggest baseline d&iffersaces = psychological welbeing
betwosa groups that cannot be armibutable o ixplant char-
acteristics. The penistence of hizher mental bealth scores
at 1 and 5 years postoperatively iz therefore most plaus-
Ny-phmdbyhup&uu&nudmv
rather than an efect
ddnqh-:»lf[‘O}TbMoo{wulo
mmmhm nguug&u

prycholom-

sxly p
cdpﬁhuﬂwlyxmtyum'hdmvp

[30]). Fammales 2sed to be comsidered a
mnmu‘mws[n]mm
pocic poteatially bansficial [30]
an&ulm&mm‘
PROM: iz both coborts, and higher ASA ratings in the Rim-
£2 cobort, akio suggests St comorbidity burdea may signif-
:dynymm‘ywmahpquﬁw
that 3 higher sumber of
nik of postoparative «lqhm Sevenal mﬂu [23.
32, 33) highlighted the value of documenting comarbidities
= meater dotail While indices such as ASA comelas with
alised weatment. Podmore ot al. [32] noted St specific con-
dsons infimence recovery diffarcatly, and Jamsen ot al [33)
Sound that muplant survival bazard ratios are aected by car-
dac, eadocrine, oncologic, and meatal bealth conditicns in
both mxnvaniate and mnltivaniate amalysis. It may be prudent
for regional registries ke the ons amalywed bere % record
mwwhﬁuhpﬂwﬂﬁu‘m

over time 3s longer-term mental wellbeing bocomes increas-  bidity specific THA h to d which rbidi

ingly infiuenced by agag and broader psychosocial factons mmm&mm

[21] Regsmy-based literature Soms that rbadity ly. Msori pr d ugnificant and clini-

pwalnundpuﬂb:bmd-ch-pmvm uﬂymﬁlpﬂvm\’l-l"mlm
dby a=n: in cbadity rates and nis- evea before

ing prevaleace of specific coaditicns (e.5. dabetes amd
renal &a16) over recant decades in THA populasons [22].
The higher proportion of ASA 3 paseats within the Rimfie
cobert align: with documsated teaponal tends = arthro-
plasty populations [23), with the comerbidity diffreaces
betwosa cur coborts Ekely refiecting ovolving patient bealth
peodiles [22, 23]. The relatively small sample of poor OHS
scores (<27) mvestizated revealed no differsace berwesa
the coborts othar than the mareased propartion of ASA2
the Rimfir cobort, reaffirming no stark differences betwoea
coborts oher than comorbadities.

Linear regression preoperative PROMs

Funding source, a5 well as fomale sex and BMI appear to
paticats thowed worse precperative scores, likely dus to Joo-
e wait times [24), Emited supportive care, higher comor-
badities, barriers to bealth teracy, m[-i] =d

SRy Sﬂbpmmuhnhdwpt\wﬂ.
cultural, and systemxic factors [34). Results zmst be inter
prond with caution, bowerer, given the limited mumsber of
NZ Msce: in the ECF group (n=9) restraining our sbilisy 2o
robustly analyse preoparative PROM:.

Uinear regression postoperative PROMS

In both cobort, popm‘m&tumnﬂyhm-
swated the hugest prodi

with provi mbu[&”x]Oc-

wds of precpenathe scores, age 3t suwpery =fiuenced both
coborn while NZ MSori efxicity predicted poorer physi-
cal postoperative outcomes in the Rimfit cobort, and ASA 3
comorbidity status in the ECF cobort. The limited aumber of
Msori i our study hinders S robustness of asalyves, lim-
22 regression modeling, and prechudes duwesumant of et
wynamm highlighting Msori
2 in THA suwgery. kwmdyuxn

d< 5% of the cobert, a clear

systemic mequities that result in p ding meater
&mmﬁynb«mdﬂkhm[‘q Fozule
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Bay of Pleaty regica [37). Contributing factors for Mson
ﬂ-mmx&mwﬂ(m
) and 3

-ﬁ.mmhm)mmmu
200d 1o address upsTeam systemic and caltural bamierns, not
mmpulnwlm[}&”]

FTO0p by e postopsnasvely, all patent
hmn' igated infis ‘pua'- to a cer-
mmannbpvﬂbmwh
Jow coefficient of deterzuination of cur models (R* ~ 0.34
at best) indi St other p 32l infy =y affect
scores more readily or assist i explaining 3 greater propor-
tica of PROM variance, such as smsolng status [40), activ-
ity Jovels [41). postoperative rebabilitason, bealth literacy,
educasion, ad care [42]. Considering the ECF implantisno
hpmdnm&wohblnﬁbzm

Limitations

Our analysis included patients with at least coe completed
PROM, representing 1360 of 1630 (84%) sotal THA recipi-
mmmwm-mmm-mny
Som for Bealth, angage-
wmmcm‘mm&p
portica of missing PROM: was relatively small and similar
m;mmmqmwum
gonaralisability of our Endings to the full coboert.

As with all registy-based amalyves, &is study is subject
to selecticn bixs. Inclusion was Emind to patieats captaed
by the registy and to those with 2t least coe completed
PROM, which myy prefarsatially include more egaged or
higher-functioning paseats and lead to overestixation of
postoperative oucomes. Diferences in funding status and

sion models may be more ek to futwe comp ] changes = refarral parerns, swgical pracscs, and
studies with ofer specific implants. PROM collectica may alwo infia basek i
mmumzmmx‘m» tcs and ob d mdepend o(’uplnchda.
FTTTAY i = polyety Thewe factors should be sdered whea 3 tng the

denaz
Tansla o susthized patent-parceived bezefit over the
Jonger term. Grven the similanty in implant geomety and
fixation, large exrly difareaces were not saticipated: rathar,
azy potential difforeaces were bypothesised to exmarge
with longer follow-up, whare poly &anability may
lazubly =fiuasce pan, funcs um-uy[”]m

ically meamingfal &iffarsaces i 10-year PROM: tharsfore
suggests that both designs provids dumable and cozupanable
PROM:, complamenting existing surviverhip data.

Conclusion
From a patieat outcomes perspective, the Rizufit cup shows

unpﬁnﬂ&hmnﬂowndu!d'ulo;‘m
with both implxats

wummwummm
ton. While the large saxple size Zmproves precisicn and
statistical power, it does Dot olixxinate the posshility of bias
ot residaal confounding.

The width of follow-wp windows reflects the pragmatic
zatwre of registy-based PROM collection, where follow~
up timing & pot fxed but occurs within predefined inter-
vabk. To mizimite potential bias, l-year Sollowup was
Mahmwwoﬂhwbhy
et sample e
dl&kdmﬂyn@#ﬂ&mdmﬂ‘dn
mean PROM: across 1-, 5-, and 10-year follow-up, suggest-
ng that vaniation in follow-up timing did 20t meanigfully
mfineace comparatve conclusicns.

Supplomentary  Information The  oslise  venicn comteiss
sqplenenieny material available & Mips 8doi ong/10. 10075005900
26047 w.

daznonstrating
in PROM: and 20 statistically significant M o
piysical function outcomes over 10 years. The Rimfie
cobort preseated with supesior VR-12 mantal scores precp-
enatively, sustined at 1-year, and a S-year suggestng base-
line difsrences i mental wellbaing Socioeconomic status,
sex, and comorbidity statms (ie., Mmmn
significant climical predictors of poorer pr paysi-
wWammrwhxnnmm
ity was 3 predicter of pocrer precperative meatal bealth and
postoperative physical PROM scores. Postoperatively, older
age 2t swrgery was detrimental to PROM: outcomes in both
coberts. Finding: thould be m%urpreted withi the texxporal
and beakb-system comtext in which sach mplant was wied.

Maggie Dee Worthingion for her dofication W
M\de_-qkmm
werags Orthopaolic Resewrch for slilowing sccom 10 Ge des and
!ﬂu!anﬁﬂ:ﬁ-ﬂ:p Wiikato Ussivensity for Ge PED schol-
whp

Aumhoe comridutions All watbon buted W He concep

of the stuly and developed the methadalogy. OC, TL, SM aad AV
were ropaneble for dets soquistion and provided lockesced, slmin-
itrative, and mwicrial sgpoet Dt szady o and miopeiton woae
pofomal by AP sd CJ AP dfiod the mancnpt wilh critical

revisoss and scademic npat from KHL  TL md CJ Alluhn
real md spyroved fie Snal nlqu-b de for
sl wapects of the work

Fundng Opes Accew funding ensblod mnd orpanized by CAUL and
s Meamber Imtitutions. Thix work wis supportad by fie Universty of
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Appendix E. Wintec lightening talks presentation

Wintec Research Lightning Talks
On Tuesday 13 August, 2 Research Lightning Talks event was held in Events Room 1, with an excellent
range of short presentations and Q & A and was attended by about 45 staff from across the institution.

Our presenters were:

Adrian France C8&

The Accountability of Olympic Sport Organisations

Patricia McClunie-Trust CHASP

Graduate entry nursing students development of a sense of self as a nurse: An infographic
Amy Pearce CSSHP

How "hip® are you? Outcomes of Total Primary Hip replacement for Osteoarthritis
Matthew Bannister SOMA

Playing Aldous Harding - "The Jim Carrey of the indie world"

Sanaz Ghoreishi CASP/

Investigation of Liquid Smoke Applications from the Pyrolysis of Kanuka Woodchips
Mohammad AL-Rawi CEID

Investigation of Type A Aortic Dissection using Computational Modelling

David Williams CS54P

How can Pakeh3 authentically embed matauranga M3ori into their teaching practice

Our dynamic MC Ryan Overmayer (CSSHP) did a fantastic job of bringing the event to life, and very
generously sponsored the spot prize, which was won by an observant Anna Mischefski (CEFP).

A huge thank you to Ryan, Aimee, our attendees and our excellent presenters.
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Appendix F. Tauranga public lecture series presentation

University of Waikato - Tauranga
23 October 2023 - Q

& EVENT ALERT- Tauranga Public Lecture Series
v

Join Dr Kim Hébert-Losier and three of her PhD
candidates from The University of Waikato
Adams Centre for High Performance Sport for
‘Research Cafe’, where they will present talks on
their latest research.

Dr Kim Hébert-Losier - How strong are your

\ 5 3
T A U R A N G A ¥ R\ v 4 calves? There's an app for that!
P u B L I c "\‘ » X Anna Butcher - ACL injuries in growing
s \ y athletes: The link between maturation and
/ l E c T u R E f biomechanics
& Amy Pearce - How ‘hip’ are you? Joint
replacement outcomes in the Bay of Plenty

# Andrew Fife - To buy or not to buy: The
RESEARCH CAFE running shoe store dilemma.
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Appendix G. Tauranga Orthopaedic Research final presentation

(2025)

Comparing cemented and hybrid outcomes in
primary total hip replacement surgery for
osteoarthritis: A PhD research overview

An observational analysis of survival rates and patient-reported
outcomes in cemented and hybrid primary total hip arthroplasty. This
research provides a comprehensive comparison of two THA methods
with 6 patient specific factors.

Amy Pearce
Supervisors: Ass.Prof. Kim Hebert-Losier and Dr Chaitanya Joshi
University of Waikato, School of Health

ﬁ bbbl 50 Tauranga Orthopaedic
o A WAIKATO RESEARCH

$/3 Te Whare Wananga o Waikato Promoting surgical excellence
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Appendix H. Abstract submission (International Society of

Arthroplasty Registries, Lund, Sweden May 2026)

\"| International Society of
\ Arthroplasty Registries

January 14™, 2026

Dear Participant,

The ISAR Scientific Committee has now assessed all abstracts received for the 15* International
Congress of Arthroplasty Registries, which will be held in Lund, Sweden, May 30-June 1, 2026.

The overall calibre of abstracts received this year was very high, and the Committee noted that the
shortlisting process was particularly challenging. Following review of your submissions, we are pleased
to inform you that your abstract have been accepted for a Podium presentation.

No. 51 — 10-year outcomes of cemented and hybrid constructs in primary total hip arthroplasty
for osteoarthritis: a NZ regional registry population study

A provisional program, with session details and the allotted time and date for your presentation, will be
sent in March.

Each presentation is allocated 5-minute presentation time followed by a 5-minute discussion after every 3
presentations.

You will find further information regarding the meeting in the attached Invitation and General
Information as well as links for registration and hotel reservation on the ISAR website at
www.isarhome.org. Please note that the Early Bird rate expires March 31%. Regarding hotel
reservations our blocking expire April 30" and see the Invitation letter.

Acta Orthopaedica will be the official journal for abstracts presented at ISAR 2026 in Lund. Authors are welcome
to submit full manuscripts to Acta Orthopaedica after abstract submission to ISAR, either before or after the
presentation at the meeting. Manuscripts should be submitted online

at https://www.manuscriptmanager.net/ao. Please check the box if your scientific work is going to be or has
been presented during an ISAR 2026.

We are very much looking forward to welcoming you to Lund!
Maziar Mohaddes

Chairman of the Local Organizing Committee

Encl.

Invitation Letter — General Information
Info Workshop No. 1 and No. 2

Further Information:
For enquiries related to abstract submission/acceptance, program, registration and payment please
contact the ISAR team at info@isarhome.org
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No.51
10-year outcomes of cemented and hybrid constructs in primary total hip
arthroplasty for osteoarthritis: a NZ regional registry population study

Amy Pearce’?, Chaltarps Josbl", Georgina Chan®?, Tomy Lamberton®, Simon Meciean™, Andrew Vene™, Kim Hébers
Londer®

FUrdversity of Walkato, Te Mustall Wakors - School of Health, Walkato, New Zesland
Pwelkato Intitute of Technology, Centre for Sgort Sclence ard Maman Performance, Walkato, New Zeslend
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Appendix I. Ethical approval

The University of Walkato Human Research Ethics Committee e
Private Bag 3105 $ogetuo|_zen i ﬂﬂ THE UNIVERSITY OF
Gate 1, Knighton Road eiephone: +6402 *
rewhvgs. o Emal Aumanetnics @wakato ac 1z Ny WAIKATO
P T  1c Whare Wananga o Waikato
15 May 2023
Amy Pearce
Te Huataki Waiora School of Health
DHECS

By email: ap617@students waikato.ac.nz

Dear Amy

HREC(Health)2023%#12 : Longitudinal Analysis of Total Joint Arthroplasty Outcomes

Thank you for your clear and detailed responses to the Committee feedback.

We are now pleased to provide formal approval for your project.

Please contact the Committee by email (humanethics@waikato.ac.nz) if you wish to make
changes to your project as it unfolds, quoting your application number with your future
correspondence. Any minor changes or additions to the approved research activities can be
handled outside the monthly application cycle.

We wish you all the best with your research.

Regards,

G~

Emeritus Professor Roger Moltzen MNZM
Chairperson
University of Waikato Human Research Ethics Committee
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Appendix J. Supplementary information for systematic review

Pubmed pubmed quality RCTand Obsscopus
((((primary hip OR (primary hip ar )) AND (osteoarthritis)) AND (cement*)) AND (hybrid) 54 very good 6
((((hip ) OR (hip ar )) AND ( itis)) AND (cement*)) AND (hybrid) 107 very good 1
((((total hip re ) OR (total hip y)) AND (osteoarthritis)) AND (cement*)) AND (hybrid) 107 very good

((((primary hip OR (primary hip ar plasty)) AND (osteoarthritis)) AND (cement*)) OR (hybrid) 613 002 3022
((((primary hip ) OR (primary hip arthroplasty)) AND ( itis)) 3559 YUCK 398
(((primary hipr ) OR (primary hip arthroplasty)) AND (osteoarthritis)) AND (WOMAC) 299 MEH 52
(((primary hip replacement) OR (primary hip arthroplasty)) AND (osteoarthritis)) AND (OXFORD) 266 MEH 28
((hip r OR (hip ar )) AND itis)) AND (cement*) OR (uncemented) AND (hybrid) 280 very good 21
((primary total hip replacement OR primary total hip arthroplasty) AND (cement* OR hybrid) AND (Osteoarthritis)) 724 36
(primary total hip replacement OR primary total hip arthroplasty) AND (cement* AND hybrid) 165 very good 12
((primary total hip replacement OR primary total hip arthroplasty) AND (cement* OR hybrid)) 2838 very good 209
((primary total hip replacement OR primary total hip arthroplasty) AND (cement* OR hybrid) AND (Osteoarthritis) AND (OXFORD)) 33 very good 3
((primary hip OR primary hip ar ) AND AND (O itis)) 2162

((primary hip OR primary hip ar ) AND AND ( AND cement*))) 281 very good 35
((primary hip OR primary hip ar ) AND AND OR cement*)))

((("hip arthroplasty”) OR ("hip replacement")) AND (acetabul*)) AND (osteoarthritis) 1988

((("hip arthroplasty”) OR ("hip replacement")) AND (acetabul®)) AND (osteoarthritis) AND "WOMAC" 102

((("hip arthroplasty") OR ("hip replacement")) AND (acetabul*)) AND (osteoarthritis) AND "outcome™" 172

((("hip ar [Titl 1) OR ("hip " [Titl 1)) AND (acetabul*[Title/Abstract])) AND (osteoarthritis[Title/Abstract]) AND "outcome*"[Title/Abstract] 436

((("hip ) OR ("hip plasty")) AND ("cement*")) OR ("uncemented")) AND ("osteoarthritis") AND ("acetabul*") 745

((((("hip “[Titl t]) OR ("hip ar [Title/ t])) AND ("cement*"[Title/Abstract])) OR ("uncemented"[Title/Abstract])) AND ("osteoarthritis"[Title/Abstract]) AND ("acetabul *"[Title/Abstract])) 378

((((("hip " [Titl 1) OR ("hip ar "[Titl 1)) OR "THR" OR "THA"AND ("cement*"[Title/Abstract])) OR (" " [Titl 1)) AND ("osteoarthritis"[Title/ 1) AND ("acetabul*"[Title/Abstract]))

((({(((hip replacement) OR (hip arthroplasty)) OR (THR)) OR (THA)) AND (cement*)) OR (uncemented)) AND (osteoarthritis)) AND (acetabul®) 791

((((((hip Titl 1) OR (hip ar Titl 1)) OR (THR([Title/ 1)) OR (THA[Title/Ab: 1)) AND (cement*[Title/Ab: 1)) AND Title/Ab 1)) AND (osteoarthritis[Title/Abstract] 125

(((((((hip replacement) OR (hip arthroplasty)) OR (THR)) OR (THA)) AND (cement*)) OR (uncemented)) AND (osteoarthritis)) AND (acetabul* OR "cup") 961

total hip fixation methods in 579

butcomes of cemented versus hybrid primary total hip replacement for arthritis. A systematic
review and meta-analysis.

Inclusion Types of Study

Randomised control trials

Observational studies including Retrospective, joint registry.
Excluded types of study

Case studies

Reviews

Systematic reviews (should have already been removed)

Included Terminology

“TOTAL” Hip replacement (both acetabular cup and a femoral stem)

“PRIMARY” Hip Replacement (First time hip, NOT a revision)

“HIP REPLACEMENT” OR “HIP ARTHROPLASTY”

“OSTEOARTHRITIS” only

Studies comparing or including both FULLY CEMENTED (both acetabular cup AND femoral stem)
AND

HYBRID (Cementless/uncemented/press-fit/threaded acetabular cup AND cemented stem)
Included Outcomes

ANY Patient reported outcome measures (Oxford Hip score/OHS, HOOS, WOMAC, SF-36, VR12 etc)
up to at LEAST 1 YEAR.

Survivorship

Failure rate

Excluded terminology

Partial or “HEMIARTHROPLASTY”, OR_“RESURFACING” OR “BILATERAL”

MORTALITY

Studies on only one type of fixation (“CEMENTED” only, OR “CEMENTLESS” only, OR “HYBRID” only)
Studies that include/compare total “CEMENTED” and “CEMENTLESS” only

Studies that include only Cemented or Cementless acetabular cups with no info on the femoral
fixation method

Anything other than “OSTEOARTHRITIS” ie: dysplasia, rheumatoid arthritis, rapidly destructive
arthropathy, dislocation, fractures, Osteonecrosis, juvenile arthritis.
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Appendix K. Example data collection form for systematic review

Author Date Title info n i statistical analysis results bilateral subgroups include

sex, ASA and
incidence of revision at fixation method
1, 3and Syears- Kaplan

multivariable cox

only 1f the
Comparable mortality but higher revision rate after mortality and revision | > -
| Meier net revision rate ex, | regression for hips wa y>80 year
uncemented compared with cemented total ste and revi 50 | rskincemented, |\ Dutch register
4 | Bloemheuve " | with Cland competing nd | independent risk indludedin [ from malesand
arthroplasties in patients 80 years and older: report of er uncemented, hybrid, 2007- 2019,
tisk with mortality. Cox head size factors. Revisior bilateral | females and ASA
053 cases of the Dutch Arthroplasty Register. reverse hybrid g
regression. Hazard ratiol kaplan meier ry
withCl ompeting
adjustment
Stepwise introduction of 2 bone-conserving
osseointegrated hip arthroplasty using RSA and
5| Ccalsson | 2006 “ P anropiasty wsing RCT 52 patients, no hybrid here
arandomized study: I. Preliminary investigations-52
patients followed for 3years.
matched pair/ matched cohort cemented cups with
Matched pair analysis of cemented and cementless atched palr/ matched cohort cemented cups
cemented stems, uncemented stems and uncemented cups|
6| Clohisyc | 2001 acetabular reconstruction in primary total hip
and 39 hybrid (cup outcomes only with no direct stem
arthroplasty. J Arthroplasty 16:697-705
details)
does not
age and sex have no
directly state | varied diagnosis,
significant effect on revision
revision procedure in AR, hybridand |risk of revision due|  Australian
or dislocation, decreasing
Risk factors for revision for early dislocation i total hi which dislocation wi 20445 hybrid, [age sex femoral fully  |toearlydislocation |  Arthroplast
7| comoy | 2008 | MK TaCtorstorrevision foresry disiocation n totalhip observational 65 992 PTHA, 58109 PTHA osteo € s ocanion was v e SeX FMOrAl  logistic regression | head diameter is assocated ully o early dislocatio oplasty
arthroplasty listed as the reason for cemented 8345 | head size . e cemented | factors not general | Register 199
revison s scorabalm tigher|  Butthe | survivorship or 2004
comentiessace M resusare PROMS
ris
included
Perloperative, short, and longterm mortality (eated (o) 1iont survival analysis, mortalityrisk post surgery,
8| Dale,H | 2020 | fixationin primary total hip arthroplasty: astudy on g e
perioperative death
79,557 patients in the -Norwegian Arthroplasty Register.
Early postoperative mortality similar between cemented|
9| Ekman | 2019 |and uncemented hip arthroplasty: a register study based| observational study Mortality rates only not outcomes
on Finnish national data
Total hip arthroplasty for primary osteoarthrosis in
o2l hip arthroplastyfor primary osteoarthros Observational Finnish AR (risk of revision up to 22 years
10| eskelinen | 2005 | younger patients nthe Finish arthroplasty register:4. | @8 IR A
980 ups and stems analysed seperate
661 primary followed for 0-22 years " yredeeperatel
Risk of early mortality after cemented compared with
o early mortallty after cemented compare Matched cohort study. Subsequent analysis included hybrid
1| Gadand | 2017 |cementless total hip arthroplasty: a nationwide matched
and reverse hybrid mortality rate
cohort study
Foryoungwomen,
hybrid implants that employ
Summary statistics, Chi
adequate press-fit acetabular

Cemented or uncemented acetabular fixation 12ir long term observ hat occurred o neieetions for !
ompmatonw e ErerErunera s a vear hybrid 45 other than fracture 199¢ 5
‘
o sk andco
The Nordic Arthroplasty Register Association A unique ind revision risk 2006 Observational, ! gression analysi . o . ; Nordic
thehybrid
faststarers o et Dippers fsentass modeling o ol gt 75, obesity,Ash o
iy sgrouns
Tsectores of Patent Reported utcomes fterTotal | Observation!Dutch AR (v stesinsbsac | OHS pto yearpost repessionaent | W, lowerpreophal
lesseling " i upto lyearpost (OHS) Multivariable not stated | P Dutch
i Arhrotasty: Rest fom a utch Natioride | prospectivedata, OA,3months, 6 monthand 12 man o o model tra spprachand ot o, T3and o7
multinomial logistic
Database growth pattern in al reduced progress
regesson s .
a
cemented lowest rate of
mented and uncemented primary e of revision, by Jatated per 100 | hadlowesta
" Observa IR Rate of revision (1999 and De ber ’
‘ealand joint registry h nd age meier highest rate sof revision
75
(hav he s orlonger
ra blanc f oot eary
- ! ' ‘Jhxwvmr‘vw\r‘vwuvrv,\'\uu PRO t the but pet ! ! y; male and and and -
6 Jameson 2015-02 he medium-term results o ement ) Ny Survivorship data can nd hazard ratios, ementless and resurfaciny not stated wale: 03and |survivors
patients under 60 years of ag onmes R e ANCOVA for PROMS | components are more costly e 2010) hip data

op 86(1), 7-17 uncemented, hybrid, | be included. OA only

dditional benefit for
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Appendix L. Te Whatu Ora patient-reported outcomes request and

confidentiality

Ora

Te Whatu
Health New Zealand

PRIVACY STATEMENT/CONFIDENTIALITY

10" February 2023 The information collected from your survey is held securely ai
Orthopaedic Research Society Inc.

ce by the Tauranga

No material which could personally identify you will be used in any reports or scientific study,
except for information relating directly to your treatment which will be passed to your orthopaedic
Tauranga South surgeon.

TAURANGA 3112 You are entitled to request access to, or the correction of, personal information held about you. If
you wish to have access to that information, to have it corrected, or if you have any questions
about the information held about you, please contact:

oear [l

You have recently been seen by the orthopaedic team at Tauranga Hospital and added to

Tauranga Orthopaedic Research Coordinator

the waiting list for a Right Hip Joint Replacement. Private Bag 12-506
Tauranga 3143

Tauranga Orthopaedic Research is contacting you on behalf of the hospital, asking that you Telephone (07) 543 1861

complete the following questionnaires relating to the level of pain and disability that your Fax (07) 543 5287

effected joint causes you. Email: torsi@orthocentre.co.nz

By asking you now, and then again 1 year after the surgery, we can measure the benefit that If you have any questions or concerns about your rights as a participant, you can contact an

the surgery has hopefully achieved for you. independent health and disability advocate. This is a free service provided under the Health and

Disability Commissioner Act.

Your results are matched to your operation record and provide your personal follow-up.
Telephone: (NZ wide) 0800 555 050

Free Fax (NZ wide): 0800 2787 7678 (0800 2 SUPPORT)
Email: advocacy@hdc org.nz

By being completed personally, they offer the best indication of your outcome.

In the future, these surveys can also cl

your progress and give a clue if there is a
problem developing with the joint replacement.

Your guestionnaire results are also anonymously pooled with all the other people
undergoing joint replacement surgery in the Bay of Plenty region. This system gives us the
best long term monitoring program possible, to ensure the highest quality care and
outcomes. This benefits not just you, but also future patients.

Please be reassured that if you choose not to take part, you will receive the usual care and
treatment and you are free to withdraw at any time, without having to give a reason.

Thank you very much for your co-operation.
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Appendix M. Tauranga Orthopaedic Research Oxford Hip Score

questionnaire

$4 Oxford Hip Score

Patient Name ID Side [JRight [JLeft
Date of review: / /
Follow up period: PreOp  OR weeks/months/years (circle one)

Please answer the 12 questions below.

1. During the past 4 weeks...  How would you describe the pain you usually have from your hip?
[CINone [J very mild Cmild [[IModerate [JSevere

2. During the past 4 weeks...  Have you had any trouble washing and drying yourself (all over) because of your
hip?

[CINo trouble at all [JVery little trouble [[] Moderate trouble [[JExtreme difficulty [Jimpossible to do

3. During the past 4 weeks...  Have you had any trouble getting in and out of the car or using public transport
because of your hip? (whichever you would tend to use)

[CINo trouble at all [JVery little trouble [] Moderate trouble [JExtreme difficulty [Jimpossible to do

4. During the past 4 weeks... Have you been able to put on a pair of socks, stockings or tights?

[[] Yes, easily [Jwith little difficulty [] With moderate difficulty [] With extreme difficulty [JNo, Impossible

5. During the past 4 weeks... Could you do household shopping on your own?

[[] Yes, easily [JWith little difficulty [] With moderate difficulty [[] With extreme difficulty [JNo, Impossible

6. During the past 4 weeks... For how long have you been able to walk before pain from your hip becomes severe
(with or without a stick)

[CJNo pain — more than 30 minutes []16- 30 minutes [] 5-15 minutes

[JAround the house only [Jnot at all - pain severe on walking

S4 Oxford Hip Score.doc Page 1 of 2
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7. During the past 4 weeks... Have you been able to climb a flight of stairs?

[ Yes, easily [[Jwith little difficulty [[] With moderate difficulty [] With extreme difficulty [JNo, impossible

8. During the past 4 weeks... After a meal (sat at a table) how painful has it been for you to stand up from a chair
because of your hip?

[CINot at all painful [JSlightly painful [J Moderately painful (] Very painful [JUnbearable

9. During the past 4 weeks... Have you been limping when walking, because of your hip?

[CJRarely/Never [[JSometimes or just at first []Often, not just at first [[] Most of the time [_JAll of the time

10. During the past 4 weeks... Have you had any sudden, severe pain — shooting, stabbing or spasms from the
affected hip?

[ONodays [JOnly1or2days [[] Some days [[J Most days [CJEvery day

11. During the past 4 weeks... How much has pain from your hip interfered with your usual work (including
housework)?

[CINot at all [CJAlittle bit [IModerately [ Greatly [OTotally

12. During the past 4 weeks... Have you been troubled by pain from your hip in bed at night ?

[CINo nights [CJOnly one or two nights [[] Some nights [[J Most nights [CJEvery night

Finally, please check back that you have answered each question.

Thank you very much.

S4 Oxford Hip Score.doc Page 2 of 2
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Appendix N. Tauranga Orthopaedic Research WOMAC

questionnaire

S10 Womac

Patient Name ID side [JRright [JLeft

Date of review: / /

Follow up period: PreOp  OR weeks/months/years (circle one)

P: These questions concern the amount of pain you are currently experiencing in your hips or your knees , For each situation, please
ter the amount

1. Walking on a flat surface i : i [[JModerate
2. Going up or down stairs i [INone [CImild | [IModerate
! 3. At night while in bed { CINone | CImild | [JModerate
' 4. Sitting or lying i CINone | CImitd | [IModerate
! 5. Standing upright [“INone | [CImid [[IModerate

M: These questions concern the amount of joint stiffness (not pain) you are currently experiencing in your hips or your knees . Stiffness is
sensation of restriction or slowness in the area around which you move your ]omts

! 6. How severe is your stiffness after

first waking in the morning? i [INone DMild [:]Moderate DSevere DExtreme
7. How severe is your stiffness after sitting, !
lying or resting later in the day? 1 DNone [Imild i [JModerate | [[]Severe ! [JExtreme

F: These queshons concern your physical function. By this we mean your abillty to move around and to look after yourself. For each of the

{ i ‘ : i [JExtreme
9. Ascending stairs ' [INone [CImild [JModerate | [JSevere [[JExtreme
: 10. Rising from sitting ' [INone | Cmitd | [IModerate [[JSevere | [JExtreme
11. Standing ' [INone [CImild [JModerate | [JSevere [[JExtreme
12. Bending to floor [CINone Cmid [[IModerate [[Jsevere [[JExtreme
' 13. Walking on flat - [INone | [Imild | [Moderate | [JSevere | [JExtreme
| 14. Getting in/out of car i [INone | [mild | [IModerate | [JSevere | [JExtreme
i 15. Going shopping ' [INone { [Omild [Moderate | [JSevere | [JExtreme
16. Putting on socks/stockings ' [INone [CImild [JModerate | [JSevere [(JExtreme
i 17. Rising from bed i CINone [CImild ' [JModerate [[]Severe | [JExtreme
18. Taking off socks/stockings [“INone CImild [IModerate | [JSevere [[JExtreme
i 19. Lying in bed [(INone Cmid ' [Moderate [[JSevere [[JExtreme
' 20. Getting in/out bath ' [INone { Omild [[JModerate [[JSevere | [JExtreme
| 21. Sitting i [INone CImild [[IModerate [[JSevere [[JExtreme
| 22. Getting on/off toilet ' [INone | [mild | [Moderate | [JSevere | [JExtreme
23. Heavy domestic duties i [INone CImid [[IModerate [[JSevere [[JExtreme
| 24. Light domestic duties ! CINone | [mild | [JModerate [[]Severe [JExtreme

$10 Womac Page 1 0of 1
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Appendix N. Tauranga Orthopaedic Research VR-12 general health questionnaire

B

VR12 GENERAL HEALTH SURVEY

Patient Name ID side [JRright [JLeft

Date of review: / f Follow up period: PreOp  OR weeks/months/years (circle one)

1) In general, would you say your health is:
D 1. Excelient

E] 2. Very Good

[:] 3. Good

E] 4. Fair

D 5. Poor

2) The following questions are about activities you might do during a typical day.
Does your health now limit you in these activities? If so, how much?

| Yes,limited | Yes,limited | No,not |
alot § alitle | limited atall |
| Moderate activities, such as moving a table, pushing a é § § '
| ————— H H H
i vacuum cleaner, bowling, or playing golf i e g (a2 s
| Climbing several flights of stairs S I S 2 s

3) During the past 4 weeks, have you had any of the following problems with your work or other regular daily

No, none Yes, a Vi, B i Yes, | Yes,all
ofthe | little of of tl;e time | Most of | ofthe
: ' time | thetime ! ! thetime | time
¢ Accomplished less than you would like S I O T I - T s s ¢ Os
Were limited in the kind of work or other activities h 2 3 [(a s

4) During the past 4 weeks, have you had any of the following problems with your work or other regular daily

| No, none Yes,a | p— '\ Yes, | Yes,all !

ofthe | littleof | of the time | Mostof | ofthe
! . time | thetime ! ! thetime | time
Accomplished less than you would like [ 2 Os (a Os
Didn’t do work or other activities as carefully as usual [Th Y] s [(Ja Os

5) During the past 4 weeks, how much did pain interfere with your normal work (including both work outside the
home and housework)?

[[]1. Notatall
[[J2. Aittle Bit
[[J3. moderately
[(Ja. quite aBit
DS. Extremely

VR 12 General Health Survey.doc Page 1 0of 2
® Copyright - Centre for the Assessment of Pharmaceutical Practices (CAPP) Health Services Department MA, USA
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These questions are about how you feel and how things have been with you during the past 4 weeks.

For each question, please give the one answer that comes closest to the way you have been feeling.

A good

Mostof | bit of

time thetime | the

} H H

time

Some of |
the time |

| A little None ofg
of the !
time

the
time

H H

t t

O

O

O

O

O

O

+

H

O

O

a

+ i

O

H H

Have you felt calm and peaceful? ; O |
 Did you have a lot of energy? O
| Have you felt downhearted and blue? i O

O

O

O

O

O

Now, we'd like to ask you some questions about how your health may have changed.

7) During the past 4 weeks, how much of the time has your physical health or emotional problems interfered with

your social activities (like visiting with friends, relatives, etc.)?

|:|1. All of the time
[[J2. Most of the time
D3. Some of the time
[(Ja. alittle of the time
DS. None of the time

8) Compared to one year ago, how would you rate your physical health in general now?

Dl. Much better
[[Ja. slightly better
l:]a. About the same
a. Slightly worse
DS. Much worse

9) Compared to one year ago, how would you rate your emotional problems (such as feeling anxious, depressed or

irritable) now?

|:]1. Much better
. Slightly better
[[J3. About the same
D4. Slightly worse
DS. Much worse

The Veterans Health Study (SDR-91006.S VA Health Services Research and Development Service) The VR-12 Health Survey item

content was developed and modified from the Veterans RAND 36-item Health Survey.

VR12 General Health Survey.doc

© Copyright - Centre for the Assessment of Pharmaceutical Practices (CAPP) Health Services Department MA, USA

Page 2 of 2
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Appendix O. New Zealand joint registry primary hip arthroplasty

surgical data form

PRIMARY HIP REPLACEMENT
O TOTAL HIP ARTHROPLASTY (O RESURFACING ARTHROPLASTY (O HEMIARTHROPLASTY

NEW ZEALAND JOINT REGISTRY - DO NOT PLACE IN PATIENT NOTES - TO BE RETAINED IN THEATRE SUITE

HOSPITAL NAME

DATE THEATRE NO.

ASACLASS 1 2 3 4

CONSULTANT
IF DI RENT

FROM PATIENT LABEL |

O LEFT - SIDE - RIGHT O

IF BILATERAL THEN DO SEPARATE FORMS

STICK PATIENT LABEL HERE

PLEASE PLACE IMPLANT
LABELS ON THE REVERSE

SURGEON TO CHECK [EEREEIEE
& SIGN PLEASE —> [B'¢

O Private

FUNDING O acc

O DHB O DHB Outsourced

APPROACH [micx L twar appty

PREVIOUS OPERATION ON INDEX JOINT jricx aut tar appty
O None

) Hip Arthroscopy

() intemal fixation for juxtarticular fracture

\ Osteotomy

{_) Other (speary

(O Posterior
\ ) Anterior
) Superior
( Lateral

() Trans-trochanteric (osteotomy)

SURGICAL ADJUNCTS |ncki uso

DIAGNOSIS

) Osteoarthritis

Rh toid arthritis/other infl tory

Acute fracture NOF

0Old fracture NOF

Avascular necrosis

/

Developmental dysplasia / Congenital dislocation

Tumour

) Other [ speaFy

PRIMARY SURGEON

( § ) Computer Navigation

& ) Robotic assisted

SYSTEMIC ANTIBIOTIC PROPHYLAXIS

NAME:

OPERATING THEATRE OPERATING TIME

{(_J Conventional Start Skin Time:

N )
) Laminar Flow or similar Finish Skin Time:

SURGEON ATTIRE

( Space Suits/Helmet Fan: LI One-piece Toga or [ sterile Hood and Gown

\_J Conventional Gown

() Consultant () AdvTrainee Unsupervised

,/_ ) Adv Trainee Supervised \ _ Basic Trainee
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DO NOT PLACE IN PATIENT NOTES - TO BE RETAINED IN THEATRE SUITE

Cement |[iF ORE THAN ONE MIX IS USED ONLY ONE CEMENT STICKER IS REQUIRED |

Femur O ves O o
S N PLACE CEMENT STICKER OR COMPLETE
~

Acetabulum C,/ Yes (;\ No

Cement Name:

Cement Antibiotic (if present):

Femur

Acetabulum
Please do not fold placed stickers Please do not fold placed stickers
bar coded label bar coded label
Femoral head Augments
Please do not fold placed stickers Please do not fold placed stickers
bar coded label bar coded label

IF A BILATERAL PROCEDURE TWO COMPLETED FORMS ARE REQUIRED

254



Appendix P. New Zealand joint registry patient consent form

NEW ZEALAND JOINT REGISTRY
Established by the New Zealand Orthopaedic Association

Department of Orthopaedic Surgery and Musculoskeletal Medicine
Christchurch Hospital

Private Bag 4710

Christchurch 8140

E-mail: jinny.willis3@cdhb.health.nz

CONSENT FORM

TO BE FILED IN PATIENT NOTES

REQUEST FOR INTERPRETER
English | wish to have an interpreter Yes No
Maori E hiahia ana ahau ki tetahi kaiwhakamaori/kaiwhaka pakeha korero Ae Kao
Samoan Oute mana’o ia iai se fa’amatala upu loe Leai
Tongan Oku ou fiema’u ha fakatonulea lo Ikai
Cook Island Ka inangaro au | tetai tangata uri reo Ae Kare
Niuean Fia manako au ke fakaaoga e taha tagata fakahokohoko kupu E Nakai

The New Zealand Orthopaedic Association has a New Zealand Joint Registry which records the technical data on all
artificial joint replacement surgery performed in New Zealand, eg, the different types of artificial joints implanted,
whether cemented or not, how long the operation took, the need to use antibiotics. The Register will provide
independent data on the performance of these artificial joints over many years. The data will be used in the future for
an audit of joint replacement outcomes and will identify the factors which will provide the best long term surgical results
for New Zealanders.

You are asked for your consent to allow your name, address, date of birth, national health index number along with the
technical data on your joint surgery to be forwarded to the Registry.

We need this information in order to track the outcome over many years of your artificial joint replacement.

No other personal information will be entered without your written consent and it will not be possible to identify your
name from any information taken from the data base for audit purposes.

If you wish to withdraw from the Register, you may do so by writing to the New Zealand Joint Registry, Department of
Orthopaedic Surgery and Musculoskeletal Medicine, Christchurch Hospital. Withdrawing from the Register will not
affect your current or future health care in any way.

/

Ve

(>

Mr John McKie
Registry Supervisor

| consent to my name, address, date of birth, national health index number along with the technical data on my joint
surgery being forwarded to the New Zealand Joint Registry.

Slgneds s Date:
NAM! iiiiiisinssissesmssissasionsissisiniss, (Please print)
NJROOS
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Appendix Q. Co-author forms for Chapter 2, 3 and 4.

School of Graduate Research
The University of Waikato
Private Bag 3105
= Hamilton 3240, New Zealand
Co-Authorship Form Phone 647 838 50%
Emai: SCR@waikato.acnz
Website: http:/Awww.waikato ac.nz/students/research-degres

WAIKATO
1

This form is to accompany the submission of any PhD that contains research reported in published or
unpublished co-authored work. Please include one copy of this form for each co-authored work.
Completed forms should be included in your appendices for all the copies of your thesis submitted for
examination and library deposit (including digital deposit).

Please indicate the chapter/section/pages of this thesis that are extracted from a co-authored work and give the title

and publication details or details of submission of the co-authored work.
Chapter 2- Systematic Review: Pearce, A., Butcher, A. & Hébert-Losier, K. Outcomes of cemented ar
hybrid primary total hip arthroplasty for osteoarthritis: A systematic review with narrative synthesis
Orthop Trauma Surg 145, 388 (2025). https://doi.org/10.1007 /s00402-025-06007-3

Nature of contribution |Full responsibility for study design, review execution, data analysis, narrative synthesis,

by PhD candidate and writing the manuscript.

Extent of contribution o
by PhD candidate (%) 90%

CO-AUTHORS

Name Nature of Contribution
Anna Butcher Second, blinded abstract and title screening, full text screening ‘
Kim Hebert-Losier Methodology, supervision, writing review and editing

Certification by Co-Authors

The undersigned hereby certify that:

< the above statement correctly reflects the nature and extent of the PhD candidate’s contribution to this
work, and the nature of the contribution of each of the co-authors; and

< that the candidate wrote all or the majority of the text.

Name Signature Date
PRidee
Anna J Butcher Aoee B ot R RS 02/12/2025
Kim Hebert-Losier Kiﬂ‘ajf& 02/12/2025
Tuly 2015
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School of Graduate Research
The University of Waikato
Private 83922(1)05
H Hamilto , New Zealand
Co-Authorship Form Phone +64783850%
Emai: SGR@waikato.ac.nz

THE UNIVERSITY OF

WAIKATO

Website: http://www waikato ac nz/students/research-degres

This form is to accompany the submission of any PhD that contains research reported in published or
unpublished co-authored work. Please include one copy of this form for each co-authored work.
Completed forms should be included in your appendices for all the copies of your thesis submitted for
examination and library deposit (including digital deposit).

Please indicate the chapter/section/pages of this thesis that are extracted from a co-authored work and give the title
and publication details or details of submission of the co-authored work.

Chapter 3- Pearce, A., Joshi, C., Chan, G. et al. 10-year survival comparison of two cemented implants in
primary total hip arthroplasty for osteoarthritis: a New Zealand regional study. Arch Orthop Trauma Su
495 (2025). https.//doi.org/10.1007/s00402-025-06092-4

Nature of contribution |Full responsibility for study design, review execution, data analysis, narrative synthesis, and
by PhD candidate writing the manuscript.

Extent of contribution 50
by PhD candidate (%) °

CO-AUTHORS

Name Nature of Contribution
[ Chaitanya Josh |[ Methodology, formal analysis |
[ Kim Hebert-Losier [ Supervision, conceptualization, writing review and editing
[ Georgina Chan [ Conceptualization, data curation, resources, validat
[ Tony Lamberton [ Conceptualization, data curation, resources, validat
[ Simon MacLean [ Conceptualization, data curation, resources, validat
[ Andrew Vane | Conceptualization, data curation, resources, valida

Certification by Co-Authors

The undersigned hereby certify that:

< the above statement correctly reflects the nature and extent of the PhD candidate’s contribution to this
work, and the nature of the contribution of each of the co-authors; and

< that the candidate wrote all or the majority of the text.

Name Signature Date
Chaitanya Joshi Chaitanya Joshi 02/12/2025
Kim Hebert-Losier Kim Hebert-Losier 02/12/2025
Georgina Chan G. Chan 02/12/2025
Tony _amberton T. Lamberton 02/12/2025
Simon Madean S. MacLean 02/12/2025
ikl A. Vane 02/12/2025

Tuly 2015
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This form &5 to accompany the submission of any PhD that contains research reported In published or
unpublished co-authored work. Please include one copy of this form for each co-authored work.
Completed forms should be included in your appendices for all the copies of your thesis submitted for
examination and library deposit (Including digital deposit).

Pleaze Indicate the chapter/section/pages of this thesis that are extracted from 3 co-authored work and give the tie
and publication details or detals of submission of the co-authored work.

Chapter 4- Pearce A, Joshi C, Chan G, et 4l 15-year patientreported outcomes of 8 cemented

flanged cup and stem combination in primary total hip arthroplasty: 8 New Zesland study HIP
International 202500) doc101177/11207000251371132
Nature of contribution | Full resporaity for study design, review execuion dan anayss, Naratve syt
by PhD candicate MANE oL
Extent of contribution
by PhD candicate (%) | 0%

Name Nature of Contribution
| C'“'-""g Jozh " Memodaogy oma anaiyes I
SUDSVLON CON OO I ZITION Writing revew and ed 1ng
[ GoomgnaCran || Coxepmuaizton dan cuaton msouces, vaidation
m Conceptuaizaton, data crion, resoxrces widaton
Conceotlizaton data curaton, resowrces Wliditon
Andrew Vane CO@IRNIZITON 3R CURION resoxces vadaton

Certification by Co-Authors
The undersigned hereby certify that:
¢ the sbove statement correctly reflects the nature and extent of the PhD candidate’s contridution to this

work, and the nature of the contribution of each of the co-authors; and
< that the candidate wrote all or the majority of the text.

Name Signature Date
atany Josh C. Joshl 2510272026
Kin Hebert-Los s K. Hebert-Losier 25/02/2026
Geogna Cran G. Chan 25/02/2026
Tony Lamberton T. Lamderion 25/02/2026
Simon Maclean S MacLean 25/02/2026
Andrew Vane A.Vane 25/02/2026
ey 2015
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Appendix R. Proposed additions to the New Zealand joint registry

1. Enhanced Comorbidity Detail (Diagnosis-Level, Not Category-Level). Replace broad ASA-only
classifications with specific, clinically meaningful diagnostic fields. Use already existing ICD-10-AM
condition diagnostic coding
Include:

a. Musculoskeletal and pain-related conditions including but not limited to:
i. Chronic pain syndrome / central sensitisation
ii. Fibromyalgia
iii. Chronic low back pain (duration >3 months)
iv. Neuropathic pain conditions
v. Osteoarthritis severity in other major joints
b. Metabolic and cardiovascular conditions including but not limited to:
i. Type 1 and Type 2 diabetes (coded separately)
ii. Diabetes control markers (HbAlc)
iii. Obesity class (BMI numeric + class I/1I/Ill derived)
iv. Hypertension (treated/untreated)
v. Hyperlipidaemia
vi. Chronic kidney disease stage (1-5)
c. Mental health conditions including but not limited to:
i. Depression (treated/untreated; primary vs secondary)
ii. Anxiety disorders
iii. PTSD
iv. Bipolar disorder
v. Substance use disorders (alcohol, opioids, stimulants; with “active” vs “past” status)
d. Inflammatory and autoimmune Conditions including but not limited to:
i. Rheumatoid arthritis (disease activity categorical: low/moderate/high if available)
ii. Psoriatic arthritis
iii. Systemic lupus erythematosus
iv. Other inflammatory arthropathies
e. Other high-impact conditions including but not limited to:
i. COPD / asthma severity
ii. Chronic liver disease
iii. Dementia / mild cognitive impairment
iv. Frailty score (e.g., Clinical Frailty Scale categorical 1-9)
f.  Pain and functional status detail (preoperative) (WOMAC)
i. PROMs are useful, but more granular pain profiles improve predictive accuracy.

ii. Average opioid use (morphine-equivalent daily dose)
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g. Functional variables including
i. Use of walking aids (none, stick, frame)
ii. Non walking or wheelchair bound
iii. Fallsinlast 12 months (0, 1-2, >3)
iv. Preoperative physiotherapy utilisation (yes/no + weeks attended)
2. Access to care
a. Time from GP referral to orthopaedic clinic
b. Time from clinic to surgery
c. Distance travelled to surgical centre (km, categorical or numeric)
3. Social stability
a. Housing security (stable / temporary / unstable)
b. Employment status
c. Social support availability (lives alone / with whanau / supported living)
4. Perioperative and rehabilitation detail
a. Perioperative
i. Smoking status (current/former/never)
ii. Hazardous alcohol use (AUDIT-C categorical)
iii. Preoperative anaemia (yes/no + Hb value)
iv. Preoperative vitamin D deficiency (yes/no if tested)
b. Postoperative rehabilitation
i. Physiotherapy dose (number of sessions attended within first 3 months)
ii. Mode of rehabilitation (in-person, home-based, online)
iii. Early complications (wound issues, readmission within 90 days—specific ICD-10
codes)
5. PROMs-related enhancements
a. Collect PROMs at referral (baseline at system entry)
b. Add a mental health PROM (e.g., VR-12) to interpret EQ-5D anxiety/depression
c. Maori-specific wellbeing metric (e.g., culturally adapted EQ-5D extension). While the
standard EQ-5D is used, some researchers note that it may not fully capture the holistic,
indigenous, or spiritual dimensions of Maori health.
6. Data linkage fields
a. NHl-based linkage to primary care data
b. Linkage to pharmacy dispensing (opioids, antidepressants, NSAIDs)
c. Linkage to ACC history (previous musculoskeletal claims)

d. Linkage to social welfare datasets (for socioeconomic trajectory)
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