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Abstract 

IntroducƟon: Primary total hip arthroplasty (THA) for osteoarthriƟs (OA) success is typically assessed using 

implant survival as the primary outcome; however, revision surgery alone underesƟmates the true burden of 

subopƟmal outcomes (e.g., pain or poor funcƟon). Secondary outcomes, or paƟent-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 comparaƟve 

evidence. Although naƟonal 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 

fixaƟon strategy have translated into significant and meaningful improvements in implant survival and paƟent 

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 generaƟon cemented, modern 

cemented, and modern hybrid primary THA for OA, and idenƟfy paƟent factors or funding source associated 

with these outcomes. The work first synthesised exisƟng evidence comparing cemented and hybrid fixaƟon. It 

then compared survival between the earlier generaƟon THA and its modern cemented successor of the same 

lineage. ThereaŌer, the work idenƟfied long-term PROMs in earlier generaƟon cemented THA and then 

compared 10-year PROMs between the two cemented THA generaƟons. Finally, survival and PROM outcomes 

of the hybrid THA were compared with the modern cemented. InfluenƟal paƟent and funding factors of 

primary and secondary outcomes were idenƟfied across all studies. 

 

Methods: This Thesis comprised a systemaƟc literature review and linked retrospecƟve cohort studies using 

prospecƟvely collected arthroplasty survival and PROM data from the NZ joint registry (NZJR) and Tauranga 

Orthopaedic Research Inc. registry for the Bay of Plenty region. PaƟents undergoing primary THA for OA 

between 2003 to 2023 with earlier generaƟon cemented, modern cemented, or modern hybrid THAs were 

included. PROMs included the Oxford Hip Score (OHS), McMaster University OsteoarthriƟs index (WOMAC), 

and Veterans Rand 12-item health survey (VR-12). Baseline differences were addressed using propensity score 

weighƟng. Implant survival was analysed using Cox regression, and PROMs were analysed longitudinally 

including changes from baseline. MulƟvariable models examined the influence of sex, ethnicity, age at surgery, 

body mass index (BMI), American Anesthesiologist Society (ASA) raƟng, 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. 
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Across all registry analyses, a total of 3,186 THAs (early generaƟon cemented n = 363; modern cemented n = 

1,267; modern hybrid n = 1,556) were included. The 10-year survival esƟmates [95% confidence interval] were 

not significantly different between the modern cemented THA (95.6% [93.4, 97.9]) and its early generaƟon 

predecessor (97% [95.9, 98.2], p = 0.334). FiŌeen-year PROMs for the early generaƟon demonstrated sustained 

long-term improvements in pain and funcƟon. No significant differences in physical postoperaƟve PROMs 

(OHS, WOMAC, VR-12 physical) were observed between early generaƟon and modern cemented THA. Mental 

health scores were significantly beƩer in the modern cemented THA preoperaƟvely (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, aŌer propensity weighƟng, implants showed no significant difference in 

revision (hazard raƟo 1.40 [0.85, 2.31], p = 0.188). Hybrid THA demonstrated larger PROM change scores from 

baseline, aƩributable to poorer baseline status. There were no significant differences in postoperaƟve 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 beƩer across Ɵmepoints. 

 

Regression analyses did not idenƟfy paƟent factors as significant predictors of survival. PreoperaƟve PROMs 

were consistent predictors of poorer postoperaƟve PROMs in all THAs. Factors such as BMI, ASA, sex, and 

funding source were significant independent predictors of poorer preoperaƟve PROMs in all THAs. Ethnicity 

influenced modern cemented and hybrid preoperaƟve mental health, and all modern cemented postoperaƟve 

PROMs. Age at surgery was also a significant predictor of poorer postoperaƟve PROMs. Analyses indicated 

poorer outcomes when paƟents were female, Māori, had a higher BMI, greater ASA, public funding source, and 

older age at surgery. Although these factors were idenƟfied as significant PROM predictors, R² values between 

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

 

Discussion: This Thesis demonstrates that iteraƟve 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 

assumpƟon that newer fixaƟon strategies represent meaningful clinical advancements. In this cohort, PROMs 

were influenced more strongly by paƟent and funding characterisƟcs than by fixaƟon type. There are 

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

 

Conclusion: Modern cemented successor implants provide survival and PROMs that are comparable to their 

predecessors and to modern hybrid constructs. The widespread shiŌ 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. IntroducƟon and background 

1.1. OsteoarthriƟs 

OsteoarthriƟs (OA) is a degeneraƟve joint condiƟon where the protecƟve carƟlage cushioning the ends of 

bones wears down over Ɵme, leading to pain, sƟffness, 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 populaƟons age and obesity and sedentary behaviour 

increase, the prevalence of symptomaƟc hip OA conƟnues to rise (Wang et al., 2024). Consequences of 

untreated or inadequately treated OA include chronic pain, decreased mobility, loss of workforce parƟcipaƟon 

and producƟvity, increased reliance on health and social care services, and deterioraƟon in mental health and 

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

 

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

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

 

From a public perspecƟve, 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 

osteoarthriƟs cases by 2021, highlighƟng 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 ObstrucƟve 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 osteoarthriƟs (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 (InsƟtute for Health Metrics and EvaluaƟon, 2024) with a mean age of ~65 

years for men and ~68 years for women (McKie et al., 2024). It is esƟmated the NZ populaƟon aged over 65 will 

grow by 74% from 2018 to 2038 (Hogan, 2022), placing significant demand on clinical services for osteoarthriƟs 

and increasing costs exponenƟally. 

1.2. Total hip arthroplasty 

Total hip arthroplasty (THA) is widely regarded as one of the most successful surgical procedures for pain relief 

and funcƟonal improvement (Yamate et al., 2023) of hip OA where the affected hip joint is replaced with a 

prostheƟc implant. THA is effecƟve across a broad range of ages and disease severity and capable of restoring 

independence and quality of life when conservaƟve 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-effecƟve medical intervenƟons, even in older paƟents (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 convenƟonally evaluated on implant survival, but there is increasing recogniƟon 

that paƟent-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 respecƟvely. Implant survival reflects the mechanical and biological durability of the 

prosthesis used in THA and is expressed as Ɵme to revision for any cause or for specific reasons for revision, 

such as asepƟc (i.e., without infecƟon) loosening and periprostheƟc fracture (i.e., fracture aŌer inserƟon of a 

prosthesis) (Khan, 2017). Survival analysis provides an objecƟve indicator of implant performance and is 

sensiƟve to differences in fixaƟon method of the implant; implant design, such as material and shape; and 

paƟent factors, like sex or age (Clar et al., 2024). In contrast, PROMs capture the paƟent’s perspecƟve of 

treatment success, encompassing pain, funcƟon, quality of life, and saƟsfacƟon, 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 opƟmal paƟent experience (Varacallo et al., 2018). Although 

two implants may present similar survival rates, one can outperform the other in terms of PROMs. 

Comprehensive evaluaƟon of THA therefore requires concurrent assessment of both survival and PROMs to 

fully characterise the effecƟveness of compeƟng 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 aƩached with or without cement. In an 

uncemented cup, a liner (usually polyethylene or ceramic) is placed inside the cup, and the femoral head is 

aƩached to the stem (Figure 2). Furthermore, there are four implant fixaƟon opƟons: fully cemented, where 
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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 generaƟon 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. EvoluƟon of polyethylene bearing surfaces 

The history of bearing surface development in THA is a history of failure and material refinement, with each 

generaƟon of implant exposing a previously unrecognised mechanism of biological harm. The earliest aƩempts 

at THA were pioneered by Sir John Charnley, who in 1958 introduced the concept of low fricƟon arthroplasty. 

Central to this design was the use of polytetrafluoroethylene, commercially known as Teflon, as the acetabular 

bearing surface. Charnley was aƩracted to polytetrafluoroethylene because of its low coefficient of fricƟon, 

which he believed replicated the properƟes of arƟcular carƟlage. However, in vivo performance was poor 

(Charnley, 1961). 

 

Following implantaƟon in approximately 300 paƟents, two criƟcal 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 Ɵssue reacƟon characterised by periprostheƟc inflammaƟon (Gomez & 

Morcuende, 2005). By 1962, Charnley had abandoned polytetrafluoroethylene acknowledging the biological 

reacƟvity of the wear debris had underpinned its clinical failure (Charnley, 1972). This shiŌ in understanding, 

that implant debris biocompaƟbility was as criƟcal as bulk material compaƟbility, would define the trajectory of 

bearing surface research for the next six decades. In response to the polytetrafluoroethylene failures, Charnley 

transiƟoned to UHMWPE as the acetabular cup material, which established the dominant bearing in THA for 

the remainder of the twenƟeth century. The Charnley low fricƟon 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 substanƟal clinical improvement over polytetrafluoroethylene, it was not 

without its own failure mechanisms. Long-term data through the 1970s and 1980s idenƟfied wear debris as the 

principal mediator of periprostheƟc osteolysis, a destrucƟve biological cascade. Researchers have esƟmated 

that approximately 100 million microscopic UHMWPE parƟcles are released into the periprostheƟc Ɵssues for 

each day of paƟent acƟvity (Kurtz et al., 1999). These parƟcles iniƟate an inflammatory cascade including 

macrophage acƟvaƟon, cytokine release, and progressive bone resorpƟon. This process leads to asepƟc 

loosening and implant failure, iniƟally incorrectly aƩributed to the bone cement used for fixaƟon and described 

as “cement disease” (Harris, 2001). The idenƟficaƟon of these parƟcles represented an important diagnosƟc 

advance. Schmalzried et al. (1993) described the use of Oil Red O stain as a technique for idenƟfying UHMWPE 
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parƟcles within periprostheƟc Ɵssues, overcoming the limitaƟons of convenƟonal light microscopy for 

submicron parƟcles (Perino et al., 2018). The majority of UHMWPE parƟcles are submicron in size with 

parƟcles in the 0.1-1.0 μm range demonstraƟng the greatest potenƟal for macrophage acƟvaƟon and osteolyƟc 

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 osteolyƟc 

response that conƟnues to inform implant design and material selecƟon.  

1.2.2. Issues with sterilisaƟon, in-air oxidaƟon, and the shelf-ageing problem 

A second disƟnct mechanism of material degradaƟon arose from sterilisaƟon methods employed during the 

manufacture of UHMWPE constructs. From the early 1960s to the late 1990s, UHMWPE implants were almost 

always sterilised by gamma radiaƟon at doses of 25 to 40 kilorads (kGy), administered in ambient air. While 

effecƟve as a sterilisaƟon technique, gamma irradiaƟon in air iniƟates a complex chain of molecular 

degeneraƟon (Premnath et al., 1996). The clinically underappreciated factor of this process was the 

conƟnuaƟon of degeneraƟon aŌer sterilisaƟon, through the shelf life of the implant prior to use. The 

consequence was that an implant that appeared mechanically intact at the Ɵme of packaging could become 

significantly briƩle and predisposed to accelerated wear by the Ɵme of implantaƟon (Besong et al., 1998). 

Besong et al. (1998) provided quanƟtaƟve evidence that UHMWPE components aged for 10 years following 

gamma radiaƟon in air exhibited significantly increased wear and an altered submicron size compared to non-

irradiated controls. A landmark review summarised that gamma sterilisaƟon was effecƟve, but not in air 

(Bracco & Oral, 2011). This prompted a change in sterilisaƟon pracƟce in the 1990s where gamma radiaƟon 

was performed in an inert atmosphere, but this process sƟll did not fully eliminate reacƟve oxidaƟon.  

 

The introducƟon of HXLPE in 2005 represented the most significant advance in bearing material surface science 

since the adopƟon of UHMWPE and was triggered by the recogniƟon of wear debris-mediated osteolysis and 

gamma-in-air oxidaƟon as dominant mechanisms of convenƟonal polyethylene failure (Gomez-Barrena et al., 

2008; Oral & Muratoglu, 2007). The central principle of HXLPE is the creaƟon of covalent cross-links between 

polymer chains, which is achieved by exposing UHMWPE to high dose ionising radiaƟon (50 to 100 kGy) in an 

inert atmosphere. The result is a three-dimensional polymer network with increased resistance to plasƟc 

deformaƟon under force and reduced arƟculaƟng surface wear rates (McKellop et al., 2000).  

 

A criƟcal addiƟonal step in first generaƟon HXLPE manufacture was post-irradiaƟon thermal treatment, which 

was designed to reduce residual free radicals that remained following irradiaƟon. Two principal thermal 

approaches were developed: remelƟng, where the irradiated material is heated above its melƟng point (~155° 

C) removing all free radicals but reducing its hardness; and annealing, where the material is heated below its 

melƟng 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-generaƟon HXLPE bearing surfaces 

dramaƟcally reduced wear compared to convenƟonal gamma-sterilised UHMWPE, with reducƟons in wear of 

70 to 90% reported across laboratories and protocols (D'Antonio et al., 2016; Kurtz, 2016).  



24 
 

 

Despite the clinical success of the first-generaƟon HXLPE, residual concerns remained regarding oxidaƟve 

stability, parƟcularly for annealed formulaƟons where a small, but measurable free radical populaƟon persisted 

aŌer manufacture. Even though the free radicals were vastly reduced, oxidaƟon might sƟll contribute to late 

mechanical degeneraƟon, especially under high stress demands such as in knee arthroplasty. This limitaƟon 

provided the raƟonale for the development of second-generaƟon HXLPE formulaƟons (Brach Del Prever et al., 

2009).  

 

Stryker orthopaedics introduced X3™ bearing technology in 2005. The X3™ process employs a patented 

sequenƟal irradiaƟon and annealing protocol, where gamma irradiaƟon and sub-melt annealing are performed 

in three consecuƟve cycles rather than as a single high dose (D'Antonio et al., 2014; D'Antonio et al., 2012). The 

raƟonale is that by introducing an annealing step in between each irradiaƟon 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 properƟes are preserved avoiding the strength reducƟon associated with 

remelted HXLPE formulaƟons. Following the three cycles, the material is moulded and sterilised using non-

irradiaƟng gas plasma, thus ensuring no free radicals are introduced during final sterilisaƟon (D'Antonio et al., 

2012). Laboratory hip-simulator tesƟng demonstrated up to a 70% reducƟon in wear for X3™ compared with 

Crossfire®, Stryker's first-generaƟon highly crosslinked polyethylene (Campbell et al., 2010; Dumbleton et al., 

2009). Campbell and Callary (2022) reported 10-year radio isometric analysis wear data from paƟents with a 

Stryker Trident system and X3 liners, demonstraƟng a median three-dimensional wear rate of less than 0.01 

mm/year and no acceleraƟon of wear in between 5 and 10 years. NaƟonal joint registry data from England and 

Wales, encompassing 45,877 hips with this shell and liner combinaƟon, demonstrated improved bearing-

related revision surgery at six years for X3 compared to both convenƟonal polyethylene and ceramic-on-

ceramic bearings (Campbell & Callary, 2022; EpineƩe & 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 convenƟonal UHMWPE Contemporary 

Flanged cemented cups (0.109 mm/year) in young paƟents undergoing THA aŌer 10 years of follow-up.1  

1.2.3. Effect of the introducƟon 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 convenƟonal polyethylene, being 0.54 and 

0.77, respecƟvely. For those cases using a metal femoral head, the corresponding figures were 0.56 and 0.76, 

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

 
1 The term highly cross-linked polyethylene (HXLPE) is used throughout this thesis to refer to ultra-high molecular weight 
polyethylene subjected to deliberate high-dose irradiaƟon (≥50 kGy) followed by post-irradiaƟon thermal treatment, as 
disƟnct from convenƟonally gamma-sterilised UHMWPE. Where registry literature uses the term 'cross-linked polyethylene' 
(XLPE), this reflects the registry classificaƟon system and encompasses all formulaƟons marketed as cross-linked, including 
both first- and second-generaƟon HXLPE products. The X3 bearing material used in the Exeter RimFit cup examined in this 
study is a second-generaƟon sequenƟally irradiated and annealed HXLPE. 
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Williams et al. (2024) directly analysed NZJR revision data over 21 years and found a paƩern consistent with 

the XLPE transiƟon. There was a staƟsƟcally 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 dislocaƟon 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 reducƟon in revision for dislocaƟon, 

asepƟc femoral, and acetabular loosening can be linked to the changing paƩerns 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, accounƟng for more 

than 96.9% of all polyethylene used (McKie et al., 2024). The ceramic on polyethylene bearing surface 

conƟnued 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, reflecƟng increased confidence with XLPE when used to manufacture thinner 

liners (McKie et al., 2024). By 2020-2021, convenƟonal UHMWPE had been essenƟally eliminated from New 

Zealand pracƟce, with XLPE comprising virtually all polyethylene used. A summary of the evoluƟon of various 

polyethylene categories is provided in Table 1. 

 

Table 1. The polyethylene crosslinking spectrum and evoluƟon: categories, manufacturing characterisƟcs, and 
clinical examples. 

Category Time period Radiation dose Post-irradiation treatment Clinical examples 

Conventional 
UHMWPE 

Early 1960s - 
late 1990s 

25-40 kGy 
(sterilisation only) 

None (or air-packaged - 
oxidative degradation) Exeter ECF  

Moderately 
cross-linked PE 

Mid - late 
1990s 

25-40 kGy 
(deliberate) 

Gamma-in-nitrogen or EtO 
sterilisation; mild annealing 

Duration (DePuy); Enduron; 
some 1990s-era 'enhanced' 
products 

First-generation 
HXLPE 

1998 - 2005 
50-100 kGy (single 
high dose) 

Remelting (>155°C) or single 
annealing (<130°C); EtO/gas 
plasma sterilisation 

Crossfire (Stryker, 75 kGy 
annealed); Marathon (DePuy, 
remelted); Longevity (Zimmer, 
remelted) 

Second-
generation 
HXLPE 

2005 - present 
3 × 30 kGy = 90 kGy 
(sequential) 

Sequential annealing after 
each dose; gas plasma 
sterilisation; or vitamin E 
stabilisation 

X3 (Stryker, sequential 
irradiation/annealing); E1 
(Biomet, vitamin E) 

AbbreviaƟons: 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. CemenƟng of polyethylene acetabular cups 

Modern cemented acetabular cups are made with HXLPE and may have spacer beads that can be filled with 

anƟbioƟcs, 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 anƟbioƟcs, which can limit infecƟon rate. Bone 

cement implantaƟon 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 

systemaƟc evaluaƟon 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 paƟent-centred models of care. 

1.2.5. IntroducƟon of uncemented cups 

Concerns with asepƟc loosening of cemented acetabular components, which became apparent through the 

1970s and 1980s, provided the primary reason for the development and widespread adopƟon of cementless 

acetabular fixaƟon (Ries, 2008). Although cemented femoral fixaƟon has retained strong evidence and clinical 

longevity (Ries, 2008), the acetabular side proved more suscepƟble to loosening, and biological fixaƟon 

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

 

The transiƟon from cemented to cementless acetabular fixaƟon was driven primarily by asepƟc loosening of 

acetabular cups (Schmalzried et al., 1992) and three other concerns: biological osseointegraƟon, lower revision 

rates, and potenƟal for bone stock preservaƟon.  Biological osseointegraƟon was hypothesised to offer a more 

durable, self-renewing fixaƟon method for younger paƟents, a raƟonale supported by the Nordic arthroplasty 

register (Pedersen et al., 2014). Furthermore, populaƟon-level registry data consistently confirmed lower 

revision rates for cementless fixaƟon in paƟents under 75 years (Zhang, 2017). Thirdly, cementless fixaƟon is 

anecdotally believed to beƩer preserves acetabular bone stock for future revision, but this speculaƟon lacks 

direct acetabular-specific comparaƟve evidence and should be regarded as an unsubstanƟated assumpƟon 

rather than a proven outcome advantage. 

 

The longevity of uncemented THA depends fundamentally on the achievement and maintenance of a stable 

biological fixaƟon at the bone-implant interface, a process termed osseointegraƟon. Unlike cemented fixaƟon, 

cementless fixaƟon relies on an ordered biological sequence: iniƟal mechanical stability at surgery, progressive 

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

 

OsseointegraƟon of cementless acetabular implants can be achieved through two disƟnct, but related 

mechanisms, each dependent on the design and surface of the implant (Kim & Yoo, 2016). Bone ingrowth 

refers to the direct proliferaƟon 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 

contribuƟon of each of the two mechanisms depends on the surface preparaƟon of the implant (Kim et al., 

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

Stryker’s Tritanium™ technology. The addiƟon of hydroxyapaƟte to plasma-sprayed Ɵtanium surfaces provides 

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

observaƟonal studies and recent systemaƟc reviews suggest that 3D-printed porous Ɵtanium acetabular cups 

achieve promising early and mid-term clinical outcomes, high survivorship, and reliable radiographic 

osseointegraƟon (Castagnini et al., 2024; St John et al., 2024; Tigani et al., 2025); however, high-quality 

comparaƟve studies and long-term follow-up data remain limited (Almeida et al., 2025; St John et al., 2024). 

Higher manufacturing costs also requires consideraƟon. 

 

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 

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

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

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

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

Jones et al., 2017). 

 

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

Note. From Hip replacement – prosthesis components. By Blausen Medical CommunicaƟons, Inc., 2014, 
Wikimedia Commons (CC BY 3.0).  
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Figure 3. Components of a fully cemented total hip replacement prosthesis combinaƟon.  

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

 

1.2.6. Femoral head size and material selecƟon 

The selecƟon 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 proporƟonally greater polyethylene wear, and the wear 

resistance of UHMWPE was insufficient to tolerate larger arƟculaƟon diameters without clinically meaningful 

debris (Kurtz, 2016). With the introducƟon of HXLPE, the dramaƟcally reduced wear rate of bearing surface 
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rendered larger femoral heads clinically acceptable, enabling the adopƟon of 32 mm and 36 mm heads form 

the early 2000s onward, with the anƟcipated benefits of improved dislocaƟon reducƟon 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 arƟculaƟng 

head directly influences polyethylene wear rates. A metanalysis of 36 studies demonstrated a staƟsƟcally lower 

linear wear rate for ceramic heads compared to CoCr heads on HXLPE liners (Mertz et al., 2023). However, a 

systemaƟc review and metanalysis comparing ceramic-on-XLPE with metal-on-XLPE found no significant 

difference in wear rates when straƟfied 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 mulƟcentre 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, funcƟonal 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 generaƟon remains the dominant 

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

 

There is currently no consensus on whether cemented or uncemented acetabular fixaƟon is most opƟmal, with 

the controversy ongoing for decades (Abdulkarim et al., 2013; Hossain et al., 2017; Maggs & Wilson, 2017; 

NilsdoƩer & Lohmander, 2003; Onsten & Carlsson, 1994; Toci et al., 2022). Over the last five years, the fully 

cemented opƟon accounts for less than 5% of the THA in NZ, with hybrid THA represenƟng 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, parƟcularly for primary THA with the diagnosis of primary OA independent of 

other hip pathology (inflammatory arthriƟs, osteonecrosis, developmental dysplasia, tumours or trauma) (Van 

Praet & Mulier, 2019). Very few studies also invesƟgate paƟent and health system related factors relevant to 

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

1.3. Cost effecƟveness 

Although THA is cost effecƟve overall, it is a high-volume and resource-intensive intervenƟon (Mufarrih et al., 

2019). A New Zealand cost-effecƟveness analysis by Wilson et al. (2021) using data from 713 paƟents 

undergoing primary THA at a public hospital, informed by NZJR follow-up data, modelled to 15 years, 

demonstrated cumulaƟve health gains of 2.8 quality-adjusted life years (QALYs) per paƟent. Cost-effecƟveness 

improved markedly with follow-up duraƟon, with the incremental cost-effecƟveness raƟo falling from 

NZ$74,400 per QALY at one year to NZ$6,000 per QALY at 15 years. THA was cost-effecƟve aŌer two years and 

highly cost-effecƟve aŌer three years, well within the GDP per capita benchmark of approximately NZ$60,600 

used in that analysis as the cost-effecƟveness 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 substanƟal 

cumulaƟve costs at a populaƟon level. Implant survival alone is an incomplete marker of success and revision 

surgery an imperfect definiƟon of failure. Many paƟents may live for years with persistent pain, funcƟonal 

limitaƟon, and reduced quality of life without undergoing revision, generaƟng real but invisible costs to 

paƟents, families, and health systems (Singh et al., 2021). Poorly performing implants may therefore drive 

excess hospital admissions, rehabilitaƟon and outpaƟent needs, and long-term disability despite apparently 

acceptable survival, with inferior pain, funcƟon, or mental health outcomes emerging over Ɵme (Brauer et al., 

2005; Hesseling et al., 2019; Karachalios et al., 2018). Cost effecƟveness thus depends on outcomes rather than 

implant price alone. A lower cost implant is not necessarily more cost effecƟve if associated with worse 

PROMs, greater downstream healthcare use or increased risk in specific paƟent subgroups. Conversely, a more 

expensive implant cannot be jusƟfied without demonstrable improvements in survival, PROMs, or system-level 

costs. These effects are not distributed uniformly across the populaƟon. Older, frailer paƟents and those 

experiencing socioeconomic disadvantage or prolonged waiƟng Ɵmes are disproporƟonately 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 aƩribuƟng 

poorer outcomes to implant performance, thereby masking underlying inequiƟes in care. A mulƟvariable 

approach allows separaƟon of implant effects from paƟent characterisƟcs. 

 

Equity consideraƟons should be an integral part of research into THA outcomes. Publicly funded paƟents and 

those with greater comorbidity generally present later, have worse baseline PROMs, and experience poorer 

postoperaƟve outcomes (Lizcano et al., 2025; Mannion et al., 2020; Singh, 2024). If certain implants perform 

less well in these groups, conƟnued use without supporƟng evidence presents an equity and ethical issue, not 

just a clinical one. GeneraƟng evidence on which implants perform best, in which paƟents, under which health 

system condiƟons is essenƟal to delivering fair, evidence-based arthroplasty care. Cost effecƟveness therefore 

depends on comparaƟve efficacy, which requires implant level data, adjustment for paƟent and health system 

factors, and measurement of outcomes that maƩer to paƟents. 

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 populaƟons (Schnell-Inderst et al., 2017). NaƟonal arthroplasty registries therefore play a crucial role in 

monitoring survival and PROM outcomes at scale for primary and revision THA. These registries provide large, 

populaƟon-based, observaƟonal cohorts with longitudinal follow-up across the implant lifespan and real-world 

data reflecƟng clinical pracƟce rather than idealised trial condiƟons (Baker et al., 2023). Analyses of these 

registries enables assessment of survival, revision paƩerns, and PROM data in a way that aligns with health 

system realiƟes and cost pressures. The NZ naƟonal joint registry (NZJR) is a naƟonal database established in 

1999 by the NZ Orthopaedics AssociaƟon (NZOA) to collect data on joint replacements, track implant 



31 
 

performance, surgeon outcomes, and paƟent 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) postoperaƟvely for 

registered THAs at six months and then every five years following surgery. NaƟonal registries are oŌen 

restricted by capacity in the number of quesƟonnaires collected and seek the minimum sample size needed to 

saƟsfy staƟsƟcal power calculaƟons rather than using an enƟre populaƟon (Lazem & Sheikhtaheri, 2022). This 

limitaƟon 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 naƟonally (McKie et al., 2024), restricƟng the ability to determine detailed 

outcomes, parƟcularly in paƟent subgroups/regions. The distribuƟon of PROMs may also not be truly 

representaƟve of the populaƟon given the voluntary self-reporƟng of outcomes. 

 

Regional data offer several advantages over naƟonal registries. Benefits of regional data are the ability to 

detect emerging performance issues earlier, inform procurement and clinical guidance more rapidly, and 

support Ɵmely modificaƟon of implant use, which has clear implicaƟons for paƟent safety and cost 

containment. Regional registries are directly relevant to evaluate necessity, effecƟveness, and cost efficacy of 

THA by capturing outcomes in a defined healthcare system, in a relaƟvely 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 pracƟce and policy decision-making (Slingerland 

et al., 2024). Regional registries increase sensiƟvity to health system and equity factors, such as public versus 

private funding, access to rehabilitaƟon, socioeconomic deprivaƟon, rurality, and ethnicity, which are oŌen 

poorly captured or diluted in naƟonal datasets (Chami et al., 2021; Slingerland et al., 2024; Sorensen, 1997). 

Regional registries are beƩer posiƟoned to capture outcome dispariƟes, system-level predictors, and equity-

related differences in implant survival and PROMs. This posiƟoning is parƟcularly important in interpreƟng 

survival, as revision is influenced by access and eligibility (Lizcano et al., 2025). Regional registries benefit from 

standardised PROMs collecƟon for an enƟre populaƟon, reducing opportunity for heterogeneity which 

obscures true differences in implant performance or paƟent outcomes. One limitaƟon of regional registries, 

however, is their potenƟal for limited generalisaƟon to other regions, countries, healthcare systems, or 

populaƟons. However, this is a limitaƟon of scope, not validity, and reinforces the need for mulƟple high-

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

 

Tauranga Orthopaedic Research Inc. (TOR) is an independent non-profit organisaƟon that monitors the surgical 

outcomes from all orthopaedic paƟents 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, funcƟon, and quality of life preoperaƟvely, at 1-year, at 5 years, and every 5 years thereaŌer. 

Three PROM tools are sent to every paƟent on the register: the OHS, McMaster University OsteoarthriƟs index 

(WOMAC) (WOMAC, 2021) and Veterans Rand 12-item health survey (Iqbal et al., 2009). CompleƟon of the 
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quesƟonnaires is opƟonal, but highly recommended. The aim of the registry is to monitor individual paƟent’s 

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

1.5. PaƟent-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 paƟent compleƟon rates (Putman et al., 2021). The OHS assesses 

subscales of pain and funcƟon (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 funcƟon 

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 osteoarthriƟs research or management, like sƟffness and funcƟon, 

the WOMAC PROM tool provides richer data than the OHS (Garbuz et al., 2006), noƟng it is osteoarthriƟs 

rather than joint specific. The WOMAC is a 24-item PROM tool developed in 1982 and updated in 1988. It has 

three subscales: pain, sƟffness, and physical funcƟon (WOMAC, 2021). Scores range from a minimum of 0 and a 

maximum of 96. Lower scores indicate superior outcomes. Severity of symptoms classificaƟon 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 evaluaƟon, yet both PROMs 

tools are limited in their ability to predict paƟent saƟsfacƟon aŌer THA (Yeo et al., 2020). THA saƟsfacƟon has 

been directly linked to changes in health-related quality of life, is a valid paƟent-reported outcome, and should 

be included in the follow-up of paƟents aŌer THR surgery (Ray et al., 2020). TOR incorporates the VR-12, a brief 

12-quesƟon survey that assesses physical funcƟon, bodily pain, mental health, social funcƟoning, and general 

health percepƟons. Answers are summarised into physical and mental health scores, which evaluates the 

paƟent’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 funcƟon and pain, osteoarthriƟs-related sƟffness and funcƟonal limitaƟon, and wider physical and 

mental health-related quality of life. Considering all three PROM tools provides a comprehensive assessment of 

paƟent-reported outcomes. 

1.6. EvaluaƟng 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 appreciaƟon of implant type performance, generalizable principles such 

as benchmarking (WyaƩ et al., 2021), cost-effecƟveness, simplified decision making, and populaƟon-level 

safety. However, broad categorisaƟon assumes homogeneity of implants within each category. Implants within 

the same category may differ in geometry, surface coaƟngs, materials, and metallurgy (Kumar et al., 2025). 

These differences can meaningfully influence early and late survival results, failure mechanisms, and paƟent-

reported pain and funcƟon. EvaluaƟng at the category level risks diluƟng clinically important effects (Boyle et 

al., 2023). ComparaƟvely, assessment of individual components allows the idenƟficaƟon of underperforming 

implants that appear acceptable within a broad category, recogniƟon of high-performing implants that 
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outperform others, and a more accurate esƟmaƟon of implant-related risk independent of paƟent factors 

(Boyle et al., 2023; Boyle et al., 2022; Paxton et al., 2019; Sox & Goodman, 2012). This approach aligns with the 

principles of comparaƟve effecƟveness research (Sox & Goodman, 2012), which encourages head-to-head 

comparisons of treatments relevant to day-to-day clinical pracƟce to inform paƟent-centred models of care and 

support evidence-based implant selecƟon. 

 

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 markeƟng. Without implant-level 

evidence, procurement decisions risk being driven by cost alone or historical preferences rather than paƟent 

benefit. Certain implants may perform differently in older paƟents, women, paƟents with higher comorbidity 

status or greater body mass index (BMI), or publicly funded models of care. Implant-specific analysis allows 

idenƟficaƟon of differenƟal benefit or harm, subgroups at risk of poor outcomes, and opportuniƟes to tailor 

implant choice to paƟent characterisƟcs. 

1.7. Early generaƟon and modern implants in New Zealand 

This Thesis focuses on three acetabular cup implants with the same cemented stem to represent an early 

generaƟon cemented, a modern cemented, and a first-generaƟon modern hybrid THA. The acetabular 

components were selected to reflect successive design eras and fixaƟon strategies used in rouƟne clinical 

pracƟce 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 Ɵme periods (

 

Figure 4). The Thesis first sought to determine whether the modern HXLPE cemented acetabular cup 

performed at least as well as the early generaƟon UHMWPE cemented predecessor when paired with the same 

cemented femoral stem. Only aŌer 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 fixaƟon 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 generaƟon 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 generaƟon 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. 

 

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 conƟnued clinical use beyond the 

study period. 

 

(a) 

 

(b) 

(c) 
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 (d) 

Figure 5. Implants analysed in this Thesis (a) cemented Exeter V40 femoral stem, (b) early generaƟon 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 fixaƟon 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 fixaƟon method of the acetabular cup, reducing 

confounding that may occur when comparing uncemented stem and cup combinaƟons. This Thesis progressed 

from a systemaƟc review (Part 1) to cemented survival and PROMs analyses (Part 2) to cemented versus hybrid 

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

 

Figure 6. Thesis structure schemaƟc 
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AbbreviaƟons: ECF, Exeter Contemporary flanged cup; Rimfit, Exter X3 Rimfit cup; PROMs, PaƟent-reported outcome measure; THA, Total 

hip arthroplasty; Trident, Exeter Trident Series 1. 

Cemented THA represents the longest-established and most extensively evaluated fixaƟon strategy in modern 

hip replacement. It therefore provides the most methodologically stable and biologically understood reference 

standard against which newer fixaƟon 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 essenƟal context for subsequent PROMs analysis 

interpretaƟon (Chapter 3). Hybrid THA was introduced to solve a failure of cemented fixaƟon and emerged 

during a period of rapid expansion of cementless acetabular technology (Satalich et al., 2022). Concerns with 

asepƟc loosening of cemented acetabular components, which became apparent through the 1970s and 1980s, 

provided the primary reason for the development and widespread adopƟon of cementless acetabular fixaƟon 

(Ries, 2008). However, its widespread uptake occurred despite limited long-term comparaƟve PROM data, 

parƟcularly beyond early survivorship endpoints. ThereaŌer 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 pracƟce. Understanding whether it delivers any incremental 

paƟent-centred benefit is essenƟal to evaluaƟng the raƟonale for the broader shiŌ away from cemented 

fixaƟon. By comparing hybrid and cemented constructs that share the same cemented femoral stem, the 

analysis isolates the acetabular fixaƟon method as the primary exposure. This isolaƟon reduces implant 

heterogeneity and strengthens causal inference. Given the higher cost and complexity of hybrid systems, 

absence of paƟent-centred benefit challenges their cost-effecƟveness. Hybrid THA is not studied as a 

standalone innovaƟon, but as a hypothesis-driven extension of cemented THA; it directly tests whether the 

shiŌ in fixaƟon philosophy has translated into meaningful improvements in long-term paƟent outcomes. 

 

Together, the studies follow a deliberate progression by iniƟally 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 evaluaƟng long-term PROMs of the predecessor implant (Chapter 4), 

thirdly directly comparing PROMs between early generaƟon 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 evaluaƟon of both incremental design change and strategic shiŌs in fixaƟon 

philosophy, using paƟent-centred and system relevant outcomes derived from both naƟonal 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 osteoarthriƟs in a 

systemaƟc review.  
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2. Determine at the implant level, if the modern Rimfit cemented implant reports similar survival 

compared to its predecessor, the early generaƟon cemented ECF implant up to 10-years, considering 

paƟent characterisƟcs age, sex, BMI, ethnicity, ASA raƟng, and funding source, in a primary THA for OA 

populaƟon in the Bay of Plenty region. 

3. Determine the long-term PROMs (up to 15 years) of the early generaƟon ECF considering paƟent 

characterisƟcs age, sex, BMI, ethnicity, ASA raƟng, and funding source, in a primary THA for OA 

populaƟon in the Bay of Plenty region. 

4. Determine if the modern Rimfit cemented implant reports equivalent PROMs compared to the early 

generaƟon cemented ECF implant up to 10-years, considering paƟent characterisƟcs age, sex, BMI, 

ethnicity, ASA raƟng, and funding source, in a primary THA for OA populaƟon in the Bay of Plenty 

region. 

5. Determine whether the modern cemented Rimfit or first-generaƟon modern hybrid Trident, has 

superior survival outcomes considering paƟent characterisƟcs and funding source up to 10 years, in a 

primary THA for OA populaƟon in the Bay of Plenty region. 

6. Determine whether the cemented Rimfit or hybrid Trident, has superior PROMs considering paƟent 

characterisƟcs and funding source up to 10 years, in a primary THA for OA populaƟon in the Bay of 

Plenty region. 

7. IdenƟfy subgroups of paƟent characterisƟcs reporƟng poorer survival and/or PROMs in a primary THA 

for OA populaƟon 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. 

2. The modern cemented Rimfit implant has superior survival outcomes to the early generaƟon 

cemented ECF implant across paƟent characterisƟcs and funding source up to 10 years, in a primary 

THA populaƟon for osteoarthriƟs in the Bay of Plenty region. 

3. The early generaƟon cemented ECF implant in a primary THA populaƟon in the Bay of Plenty region, 

reports beƩer long-term PROMs than the broad cemented category of implants in NZ up to 15 years. 

4. The modern cemented Rimfit implant has superior PROMs to its predecessor, the early generaƟon 

cemented ECF implant, across paƟent characterisƟcs and funding source up to 10 years, in a primary 

THA for osteoarthriƟs populaƟon in the Bay of Plenty region. 

5. The modern hybrid Trident implant has superior survival outcomes to the cemented Rimfit implant 

across paƟent characterisƟcs and funding source up to 10 years, in a primary THA for OA populaƟon in 

the Bay of Plenty region. 

6. The hybrid Trident implant has superior PROMs to the cemented Rimfit implant across paƟent 

characterisƟcs and funding source in primary THA for OA up to 10 years. 
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7. Subgroups of paƟents (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 publicaƟon. 

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 publicaƟon, to be submiƩed aŌer submission of this Thesis. 

 

The Thesis begins with an introducƟon Chapter 1. Part 1 contains Chapter 2, which is a systemaƟc 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 shiŌ away from fully cemented THA towards hybrid 

fixaƟon is not supported by clear evidence of improved implant survival or superior PROM outcomes. The 

review determines cemented THA conƟnues to deliver excellent durability and equivalent paƟent-centred 

results, parƟcularly in older paƟents (Pearce, Butcher, et al., 2025). The raƟonale for hybrid use appears driven 

more by pracƟce trends than demonstrable paƟent 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 generaƟon 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 generaƟon on the bases of incremental design and material 

modificaƟon, 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 evaluaƟve evidence of this cemented implant’s PROMs beyond 12 years (Maggs et al., 2016) was 

idenƟfied, 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 evaluaƟon of outcomes well beyond the 

early postoperaƟve period. This analysis was necessary because long-term PROMs data following THA are 

scarce and survivorship alone does not capture persistent pain, funcƟonal limitaƟon, or quality of life in 

paƟents who never undergo revision. Older or more comorbid paƟents, who are less likely to be revised, may 

also sƟll experience substanƟal outcome burden. The analysis of the early generaƟon implant at 15 years 

provides insight into the durability of paƟent benefit, rather than simply implant retenƟon, and establishes a 

benchmark against which its successor, the modern Rimfit implant can be interpreted. AddiƟonally, the effect 

of six paƟent predictors was evaluated to determine those paƟent factors and/or subgroups which may exhibit 

poorer PROMs: age, sex, BMI, ethnicity, American anesthesiologist raƟng (ASA), and funding source. 
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Chapter 5 directly compares 10-year PROMs between the early generaƟon cemented THA and its successor the 

Rimfit (Pearce et al., 2026). This Ɵmeframe reflects the longest period over which comparable PROMs were 

available for both implants, allowing fair and methodologically sound comparison. This study addresses a 

criƟcal evidence gap. The Rimfit has been widely adopted with limited long-term PROMs evaluaƟon (Boyle et 

al., 2023; Boyle et al., 2022; Junnila et al., 2016) and there is no study evaluaƟng PROMs of the Rimfit in 

primary THA for OA independent of other hip pathologies. Assumed equivalence based on design and material 

evoluƟon does not guarantee equivalent paƟent experience. Differences in pain, funcƟon, or mental health 

outcomes may emerge even when survival may appear similar. By restricƟng the comparison to shared follow-

up periods and adjusƟng for paƟent and system factors (age, sex, BMI, ethnicity, ASA raƟng, and funding 

source), the study isolates implant specific effects on paƟent-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, 

incorporaƟng the same cemented femoral stem. This implant choice was intenƟonal and addresses the broader 

and increasingly relevant quesƟon in arthroplasty pracƟce whether hybrid or cemented THA offers beƩer 

outcomes. Over the past two decades, there has been a substanƟal global shiŌ away from fully cemented THA 

in favour of hybrid and cementless constructs, despite conƟnued evidence supporƟng the survival and cost 

effecƟveness of cemented fixaƟon. The drivers include perceived advantages of cementless fixaƟon (Moskal et 

al., 2022), training and generaƟonal changes in surgical pracƟce (Ryan et al., 2022), industry influence, and 

assumpƟons of superior long-term outcomes in younger paƟents (Veldman et al., 2021). However, whether this 

transiƟon has been accompanied by measurable improvements in survival or PROMs 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 fixaƟon types, the analysis isolated the effect of acetabular fixaƟon rather than stem design. 

This survival analysis was necessary to determine whether the move towards hybrid fixaƟon (with this implant 

in parƟcular) is associated with improved implant longevity, whether any observed differences reflect fixaƟon 

strategy and whether a hybrid implant demonstrates superior performance in real-world registry data. 

EvaluaƟng survival first ensured that any difference in PROMs is again interpreted in the context of implant 

durability and revision risk. The addiƟon of paƟent 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 adopƟon of hybrid fixaƟon results in beƩer PROMs 

compared with modern cemented THA, or if this pracƟce has shiŌed in the absence of clinical benefit. By 

controlling for paƟent and system level factors and holding the femoral stem constant, this analysis focuses on 

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

arthroplasty pracƟce. 

 

The final chapter (Chapter 8) summarises the findings, discusses clinical implicaƟons, and makes 

recommendaƟons to the NZJR and for future research. If modern cemented constructs demonstrate equivalent 

or superior survival and PROMs compared with hybrid THA, the raƟonale for the reducƟon of fully cemented 

fixaƟon in NZ, parƟcularly in publicly funded and higher risk populaƟons warrants reconsideraƟon. Conversely, 

if hybrid fixaƟon confers measurable advantages, this result would provide empirical jusƟficaƟon for current NZ 

pracƟce trends. Either outcome has significant implicaƟons for implant selecƟon, surgical training, 

procurement, cost effecƟveness, and equity of care. Outside of any measurable differences between the 

cemented and hybrid components, the idenƟficaƟon of paƟent subgroups that may present with poorer 

outcomes, either survival and/or PROMs, remains of criƟcal importance. Mean treatment effects may obscure 

clinically relevant heterogeneity, whereby specific demographics, clinical, or psychosocial characterisƟcs 

predispose individuals to inferior postoperaƟve recovery despite otherwise successful THA. RecogniƟon of 

these vulnerable subgroups enables more accurate preoperaƟve counselling, supports shared decision making, 

and facilitates the development of targeted perioperaƟve and rehabilitaƟve strategies aimed at improving 

outcomes for those at greatest risk of persistent pain, funcƟonal limitaƟon, or dissaƟsfacƟon (SƟsen et al., 

2024). 
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Chapter 2. SystemaƟc review with narraƟve 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 paƟent 

characterisƟcs and funding resource seƫngs. Specifically, the review sought to idenƟfy, synthesise, and 

criƟcally appraise the available evidence relaƟng to PROMs, implant survival, periprostheƟc fractures, and 

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

 

This review was undertaken to directly inform the raƟonale, outcome selecƟon, and analyƟcal framework of 

the present study. By systemaƟcally evaluaƟng both reported findings and study quality, the review enabled 

the idenƟficaƟon of clinically relevant outcomes with inconsistent or limited evidence, as well as key sources of 

heterogeneity related to paƟent characterisƟcs and healthcare seƫngs. These findings informed the selecƟon 

of primary and secondary outcomes, jusƟfied the comparaƟve focus of the current research, and highlighted 

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

Total hip arthroplasty (THA) is recommended for severe primary osteoarthriƟs of the hip and is one of the most 

frequent surgeries worldwide. Wang et al. (2024) reported 606.5 million global osteoarthriƟs cases by 2021, 

highlighƟng it as a major public health challenge due to its disability burden. As joint replacement surgeries 

increase, idenƟfying the most effecƟve and durable treatment approach is essenƟal to ensuring quality of life. 

THA for osteoarthriƟs 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 fixaƟon methods for 

THA has been ongoing for decades, and there seems to be no consensus on which fixaƟon method provides 

opƟmal survival and paƟent-reported outcomes (PROMs) despite several systemaƟc reviews and meta-

analyses on the topic (Abdulkarim et al., 2013; Clement et al., 2012; López-López 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; Jämsen et al., 2014; Kandala et al., 

2015; Mäkelä et al., 2008; Pedersen et al., 2014; Stea et al., 2014), whereas it is recognised that PROMs are an 

important consideraƟon in establishing THA success and promoƟon of paƟent-centred care (Baumhauer & 

Bozic, 2016; Lavallee et al., 2016). In addiƟon, certain of these reviews present methodological concerns where 

data from the same registry reported in different studies (Van Praet & Mulier, 2019), systemaƟc 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 

duplicaƟng data analysed. Making inferences on the superiority of fixaƟon methods for THA outcomes 

specifically for osteoarthriƟs is further challenged considering how several of these reviews included addiƟonal 

hip pathologies as criteria for surgery (e.g., lupus, systemaƟc sclerosis, rheumatoid arthriƟs) (Abdulkarim et al., 

2013; López-López et al., 2017; Mei et al., 2019); involved hemi-arthroplasty in addiƟon to full THA (López-

López 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 fixaƟon (Abdulkarim et al., 2013; Clement 

et al., 2012; Pakvis et al., 2011). This study idenƟfied four reviews that included PROM comparisons as a 

secondary outcome to implant survival (Abdulkarim et al., 2013; López-López et al., 2017; Tsertsvadze et al., 

2014; Van Praet & Mulier, 2019), but only one of these exclusively targeted osteoarthriƟs (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 idenƟfied as the most affordable fixaƟon method (Abdulkarim et al., 2013; Van Praet 

& Mulier, 2019; Veldman et al., 2021) and is oŌen considered the “gold standard” (Van Praet & Mulier, 2019), 

seƫng the bar that newer implants need to surpass for widespread adopƟon. At the other end of the 

spectrum, cementless THA is considered the most costly fixaƟon method (Jameson, Mason, Baker, Gregg, 

Porter, et al., 2015) and is typically associated with poorer outcomes (Bloemheuvel et al., 2022; Jämsen et al., 
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2014; Pedersen et al., 2014) and higher revision and periprostheƟc fracture rates (Sassoon et al., 2024) than 

cemented. Hybrid THA, despite cosƟng more than cemented, may however, offer superior postoperaƟve 

quality of life (Pennington, Grieve, Sekhon, et al., 2013) and funcƟon (Rolfson et al., 2016). Consequently, 

hybrid THA has been idenƟfied as the most cost-effecƟve replacement surgery (Van Praet & Mulier, 2019) in all 

age groups and both sexes (Veldman et al., 2021), and hybrids with convenƟonal polyethylene show a survival 

advantage over cemented THA (Fowler et al., 2019). ConsideraƟon of both surgical and paƟent-related 

measures in quanƟfying success of THA, regardless of fixaƟon method, is needed to shiŌ the focus from 

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

 

Given the idenƟfied gaps in the exisƟng reviews comparing THA outcomes between fixaƟon methods, this 

systemaƟc review with narraƟve synthesis aimed to compare both primary (revision and periprostheƟc fracture 

rates) and secondary (PROMs) outcomes between cemented and hybrid primary THA for severe endpoint 

osteoarthriƟs. The hypothesis was that cemented THA would demonstrate potenƟally superior primary and 

secondary outcomes to hybrid THA for paƟents with end stage osteoarthriƟs. 

2.2. Methods   

This systemaƟc review with narraƟve 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 ReporƟng Items for SystemaƟc Review and 

Meta-Analysis (PRISMA) reporƟng guidelines (Page et al., 2021) and was prospecƟvely registered in the 

InternaƟonal ProspecƟve Register of SystemaƟc Reviews (PROSPERO idenƟfier: CRD42023462884). 

 

Review methods and inclusion criteria were specified in advance. The primary outcomes of interest were 

survival and/or revision rate and periprostheƟc 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 UniversiƟes OsteoarthriƟs Index (WOMAC), Oxford hip score, Harris hip score, ForgoƩen 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 arƟcles published in English were included and spanned observaƟonal studies 

(prospecƟve and retrospecƟve) and randomised control trials. The study further limited the inclusion criteria to 

studies evaluaƟng outcomes over a period of at least 1 year. Where mulƟple studies reported on the 

same/similar paƟent cohort, the study with the longest follow-up was included to avoid duplicaƟon of data. 

Study populaƟon included adult paƟents with end stage hip osteoarthriƟs 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 evaluaƟons; editorials; systemaƟc reviews; 

meta-analyses; joint registry reports; leƩers to the editor; and conference abstracts were excluded. Studies 

including any condiƟon other than end stage osteoarthriƟs 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 mulƟple Ɵmes in different studies 

thereby inflaƟng results. 

 

Four electronic databases (PubMed®, EBSCO, ScienceDirect®, and Scopus®) were iniƟally searched on 1 

October 2023, with the search updated on 15 November 2024. The search included arƟcles from journal 

incepƟon up to and including the date of search. Broad syntax terms included “primary hip replacement”, 

“primary hip arthroplasty”, “osteoarthriƟs”, “cement*”, “hybrid” and “outcome”. Detailed descripƟons 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 arƟcles. All records idenƟfied via the database search (AP) were imported to the review 

soŌware 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 iniƟal screening for eligibility was performed on Ɵtles/abstracts, and the 

process repeated for full-text arƟcles by the same two independent reviewers. A customised data collecƟon 

form was developed for this review (Appendix K) and data collated in MicrosoŌ Excel (v2501, MicrosoŌ Corp., 

Redmond, WA, USA). InformaƟon extracted from each study included study type, fixaƟon method, country of 

study, sample size, mean follow-up period, primary endpoint, staƟsƟcal methods for survival calculaƟon, 

predictors of interest, and results. Missing data were idenƟfied, 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 narraƟve synthesis and interpretaƟon (Appendix K). Studies were 

assessed for risk of bias and criƟcally appraised. Two reviewers assessed each study independently (AP, AB), 

with a third (KHL) available for conflict resoluƟon, but not required. ObservaƟonal studies were assessed for 

risk of bias using the Quality in PrognosƟc 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 systemaƟcally assessing the risk of bias in prognosis research across six key domains (study parƟcipaƟon, 

aƩriƟon, factor measurement, confounding, outcome measurement and analysis/reporƟng). The ROB 2.0 

provides a structured framework to evaluate potenƟal bias across five domains relevant to randomised 

controlled trials (randomisaƟon, deviaƟons from intended intervenƟon, missing outcome, measure of the 

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

 

Although a meta-analysis was planned to provide a quanƟtaƟve synthesis of the findings from aggregate data, 

the decision to perform a narraƟve synthesis was moƟvated by six factors: data availability and homogeneity, 

type of data, study design, purpose of the synthesis, study quality and reporƟng, and flexibility. As five or more 

studies using similar staƟsƟcal methods and reporƟng the same outcomes from similar populaƟons 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 narraƟve synthesis systemaƟcally synthesises evidence to generate new insights by analysing and 

interpreƟng findings from included studies. The process involves three steps: developing a preliminary 

synthesis, exploring data relaƟonships, 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 RecommendaƟons, Assessment, 

Development, and EvaluaƟon (GRADE) working group system (Brennan & Johnston, 2023), and verified by a 

second (KHL). This structured approach has four levels or certainty of evidence raƟngs (very low, low, 

moderate, and high) used to assess risk of bias, imprecision, inconsistency, indirectness, and publicaƟon bias. 

Gradable outcomes were survival/revision rate, PPF rate, and PROMs. Study design, risk of bias assessment, 

and quality of evidence raƟngs did not consƟtute 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, staƟsƟcal uncertainty, inconsistency in treatment effects, and/or 

incomplete informaƟon. 

 

This review focused specifically on studies reporƟng survival percentages and revision rates (absolute 

outcomes), rather than those which modelled the risk of revision over Ɵme. The study aimed to determine how 

many hips had been revised or remained unrevised at a specific Ɵmepoint rather than the staƟsƟcal 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 (naƟonal 

registry reports use survival percentage at 5, 10 or 15 years to compare models) (Kandala et al., 2015) and 

clinical planning (surgeons want informaƟon on likelihood of a revision, not just the relaƟve risk). This approach 

also aligns with real-world clinical goals, such as idenƟfying implants that consistently exceed revision 

benchmarks (Kandala et al., 2015). 

2.3. Results 

The iniƟal search idenƟfied 1095 studies, with nine studies idenƟfied from citaƟon searches. AŌer duplicate 

removal, 1027 studies were excluded at Ɵtle and abstract screening (Figure 7). UlƟmately, eight studies met 

inclusion. Five of these reported on the primary outcome (all observaƟonal), and three of these addressed the 

secondary outcome (two randomised control trials and one observaƟonal). The author aƩempted to contact 

three authors (NilsdoƩer & Lohmander, 2003; Norman-Taylor & Villar, 1997; Onsten & Carlsson, 1994) for 

further informaƟon, but no replies were received. 
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Figure 7. PRISMA flow chart of the search strategy and study selecƟon process 

2.3.2. Primary outcome: Survival and periprostheƟc fracture rate 

2.3.2.1. Risk of bias 

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

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

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

their staƟsƟcal models to avoid confounding (Bloemheuvel et al., 2022; Kandala et al., 2015; Mäkelä et al., 

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

Kandala et al., 2015; Mäkelä et al., 2008), and one indicated moderate risk in prognosƟc 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 aƩriƟon and prognosƟc 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 

et al. (2022) 

Jämsen et 

al. (2014) 

Kandala et 

al. (2015) 

Mäkelä et 

al. (2008) 

Pedersen 

et al. 

(2014) 

 
NilsdoƩer 

and 

Lohmander 

(2003) 

 

Norman-

Taylor and 

Villar 

(1997) 

Onsten 

and 

Carlsson 

(1994) 

QUIPS*        ROB 2**   

Study parƟcipaƟon + + + + + 
 

+ RandomisaƟon process x + 

Study aƩriƟon ! + + + + 
 

! DeviaƟons from the intended 

intervenƟon 

+ + 

PrognosƟc factor 

measurement 

! + + + ! 
 

! Missing outcome data + + 

Outcome measurement + + + + + 
 

! measure of the outcome + ! 

Study confounding x + + + ! 
 

! SelecƟon of the reported result + + 

StaƟsƟcal analysis and 

reporƟng 

+ + + + + 
 

+ Overall ! ! 

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

domains that should be criƟcally appraised when evaluaƟng validity and bias in studies of prognosƟc factors (Hayden et al., 2013).  * * Cochrane risk-of-bias tool for randomized trials (Higgins et al., 2024)  

        



49 
 

2.3.2.2. Overall quality of evidence 

Due to the heterogenous nature of the observaƟonal survival studies, both survival and PFF evidence was 

determined to be of low quality and certainty. Four studies collected data from parƟcipants of different age 

group categories. Data were collected across mulƟple Ɵmepoints, 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 fixaƟon type consistently appeared as moderaƟng 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 publicaƟon bias (Table 3). 

2.3.2.3. Study characterisƟcs 

The five observaƟonal studies included in the analysis (Bloemheuvel et al., 2022; Jämsen et al., 2014; Kandala 

et al., 2015; Mäkelä et al., 2008; Pedersen et al., 2014; Stea et al., 2014) represented 244,032 cemented and 

39,068 hybrid THA observaƟons (Table 2). All studies reported on European naƟonal 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 paƟents aged over 80 years (Bloemheuvel et al., 

2022; Jämsen et al., 2014), one study included individuals aged 55 years and older (Mäkelä et al., 2008), 

another targeted paƟents between 35 and 55 years (Pedersen et al., 2014), and one study did not specify the 

age or age range of parƟcipants (Kandala et al., 2015). Two studies reported overall male and female 

observaƟons combined for all THA categories within the study (Bloemheuvel et al., 2022; Pedersen et al., 

2014), while two others provided separate implant observaƟons by sex (Jämsen et al., 2014; Mäkelä et al., 

2008). One study did not specify or report male and female observaƟons (Kandala et al., 2015). Study 

observaƟon periods spanned from 1980-2019 with follow-up duraƟons 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; Jämsen et al., 2014), and one study at 2 years (Pedersen et al., 2014). Four studies 

reported survival at 10 years (Jämsen et al., 2014; Kandala et al., 2015; Mäkelä et al., 2008; Pedersen et al., 

2014) and one at 16 years (Pedersen et al., 2014). Three studies (Bloemheuvel et al., 2022; Jämsen et al., 2014; 

Kandala et al., 2015) employed a compeƟng-risk Kaplan-Meier approach, while two used standard unadjusted 

Kaplan-Meier survival analysis (Mäkelä et al., 2008; Pedersen et al., 2014), reflecƟng methodological 

heterogeneity. Two studies reported PPF rates (Bloemheuvel et al., 2022; Jämsen et al., 2014). Detailed 

characterisƟcs can be found in Table 4. 



50 
 

Table 3. Certainty of evidence GRADE* for primary and secondary outcomes in the included studies 

 
Certainty assessment  Summary of findings 

Outcome Studies (n) Study design Risk of bias Indirectness Imprecision PublicaƟon bias 

 Included in 

narraƟve 

synthesis 

Results 

Quality of 

evidence 

(GRADE) 

Survival 5 ObservaƟonal studiesa moderate-high seriousf seriousij suspectedl 

 Hybrid: 

39,068 

Cemented: 

204,964 

No difference in survival 

rates heterogeneity in 

populaƟon/samples 

+ - - - 

PROMs 3 2 Randomised Control trialsb c; 1 ObservaƟonal studyd moderate- high seriousfgh seriousi suspectedm 

 

Hybrid: 138 

Cemented: 

247 

No significant difference 

between hybrid and 

cemented PROMs. Old 

studies, poorly 

conducted with limited 

results. 

+ - - - 

PPF 2 ObservaƟonal studiese moderate-high seriousfe seriousk suspectedn 

 Hybrid: 

3,745 

Cemented: 

25,836 

Lowest in hybrid 

compared to cemented. 

Extremely limited study 

number 

+ - - -  

*GRADE, grading of recommendaƟon, assessment, development and evaluaƟon; RCT, randomised controlled trial. a 3/5 studies did not jusƟfy sample size, study aƩriƟon, prognosƟc factor measurement and study confounding; b One study did not 

idenƟfy the randomisaƟon process and deviated from the intended intervenƟon; c Studies did not effecƟvely measure the intended outcome; d The only observaƟonal study did not clearly define study aƩriƟon, prognosƟc factor measurement, 

staƟsƟcal analysis and reporƟng used a mean follow-up; e Study designs were not specific to periprostheƟc fracture rate, this was an addiƟonal outcome; f Differences in age categories of  all studies; g Two studies used the same PROMs instrument 

but reported the results differently; h Different HRQOL instruments; i Time point collecƟon for each study was different; j Studies had differing predictors of interest and varied between short, medium and long-term net and cumulaƟve staƟsƟcal 

survival calculaƟon; k PeriprostheƟc fracture rate only recorded if part of revision, not recorded if revision not required; l NaƟonal registries represented, results may not be aƩributable to other populaƟons; m Only two small samples represented in 

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

Author and year 
Study period and 

country 
Study design 

Sample size* 

(cemented; hybrid) 

Age 

group 

(years) 

Mean follow-up, 

collecƟon Ɵme 

points (years), 

collecƟon end  

Outcomes 
Predictors of 

interest 
Key findings 

Bloemheuvel et al. (2022)† 
2007-2019 

Netherlands¹  

ObservaƟonal.  

Cemented, 

hybrid, 

cementless, 

reverse hybrid 

n = 43,053 (22,025; 

3,243) 
≥80 

Mean: 4.2 (0-13) 

Times: 1, 3, 5 

End: Revision 

CompeƟng risk 

Kaplan-Meier; 

Revision rate (%) 

Age, sex, ASA, 

fixaƟon, head 

size, approach 

No difference in survival at either 1, 3 

or 5 years. PPF rates cemented 6%, 

and hybrid 3%.  

Jämsen et al. (2014)† 
1998- 2009 

Finland² 

ObservaƟonal.  

Cemented, 

hybrid, 

cementless. 

n = 4,777 (3,811; 

502) 
≥ 80 

Mean: 4 (1-13) 

Times: 1, 3, 5, 10 

End: Revision 

CompeƟng risk 

Kaplan-Meier % 

survival.  

Age, sex, 

facility, year, 

comorbidity 

type, 

popularity of 

implant 

No difference in survival at 1, 3, 5 or 

10 years. PPF 11% in cemented, 18% 

cemented women vs 0% hybrid. 

Kandala et al. (2015) 
2003-2012 

England and Wales³ 

ObservaƟonal. 

2 cemented, 2 

cementless and 

1 hybrid. 

n = 239,089 

(137,990; 28,471) 

Not 

reported 

Mean: not 

reported 

Times: 1, 5, 10 

End: Revision 

CompeƟng risk 

Kaplan-Meier; 

Bathtub, 

Weibull, 

LoglogisƟc, 

Flexible Revision 

rate (%) ‡ 

Age, sex, 

fixaƟon, 

bearing type 

Conclusive. Reported new 5% 

benchmark for revision. Revision rate 

of 1.88-2.11% in cemented and 

2.42% in hybrid. 

Mäkelä et al. (2008) 
1980-2004 

Finland² 

ObservaƟonal. 

2 cementless, 1 

cemented and 

1 hybrid. 

n = 50,968 (34,296; 

3,784) 

55-64, 

65-74, 

>75 

Mean: 4.5-9.2 

Times: 10, 15, 20 

End: Revision 

Kaplan-Meier 

standard % 

Survival 

Implant 

groups, age, 

sex 

No difference. All age groups in both 

hybrid and cemented groups had a 

survival of >90% at 10 years.  

Pedersen et al. (2014) 

1995-2011 

Sweden, Denmark, 

Finland, Norway⁴ 

ObservaƟonal. 

Cemented, 

cementless, 

hybrid and 

reverse hybrid. 

n =29,558 (6,842; 

3,068) 

35-45 & 

46-55 

Mean: not 

reported 

Times:  2, 10, 16 

End: Revision 

Unadjusted 

Kaplan- Meier % 

survival at 2, 10 

and 16 years 

Age, sex, 

fixaƟon 

technique and 

calendar year 

Conclusive. Cemented indicated 

higher survival percentage at 2, 10 

and 16 years for any revision reason, 

revision for asepƟc loosening and 

revision for any other cause. 
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AbbreviaƟons: ASA, American anesthesiologist physical status raƟng; PPF, periprostheƟc fracture rate. 

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

* Total sample size includes all hip fixaƟon methods within the study, including cementless and reverse hybrid, where applicable. ** Specified a loaded-taper or composite beam stem. † These studies included periprostheƟc 

fracture rates. ‡ Actual revision rates at 5 years and esƟmated 10-year rates for 70-year-old males and females only. ¶ No data at 15 or 20 years for hybrid fixaƟon. The fixaƟon technique did not fulfil the proporƟonal hazards 

assumpƟon for Cox proporƟonal hazards calculaƟon; therefore, the populaƟon was split into subgroups (1995-1999, 2000-2003, 2004-2007, 2008-2011). ¹ Dutch arthroplasty register; ² Finnish Arthroplasty Registry; ³ NaƟonal 

registry for England and Wales; ⁴ Nordic arthroplasty registry. 



53 
 

2.3.2.4. NarraƟve synthesis 

Three survival studies with the lowest risk of bias (Jämsen et al., 2014; Kandala et al., 2015; Mäkelä et al., 2008) 

idenƟfied 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 fixaƟon 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), aŌer compleƟng five different Kaplan-Meier model analyses, the 

cemented prostheses with metal-on-polyethylene bearing surface had the highest esƟmated 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 esƟmates 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 staƟsƟcal significance. Mäkelä et al. (2008) idenƟfied 

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 fixaƟon 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 asepƟc 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 asepƟc loosening (92.8% ± 0.38 versus 

91.4% ± 0.59) and for other reasons other than asepƟc loosening (97.3% ± 0.23 versus 94.8% ± 0.44). The same 

paƩern was reported at 16 years, with cemented exhibiƟng higher survival than hybrid. StaƟsƟcal significance 

results were not reported. Synthesis of results seems to indicate that at Ɵmepoints up to 10 years, survival 

tends to be similar and that there is liƩle, if any, difference in survival between cemented and hybrid implants, 

but that longer Ɵme 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; Jämsen et al., 2014), with one of these studies only 

reporƟng cemented PPF rate and not the hybrid PPF rate. The low risk of bias study (Jämsen 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 (Jämsen et al., 2014), thus it is not 

possible to definiƟvely 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; Jämsen et al., 2014). 

Detailed survival study informaƟon can be found in Table 5. 



54 
 

Table 5. Survival and revision rate outcomes for the included studies in hybrid and cemented primary total hip arthroplasty for osteoarthriƟs 

Study (Age group) Sample size 
PeriprostheƟc 

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)ab  Cemented: 22,025 26/427 (6%) Net:98.7 (98.6-98.8)gh - Net: 98.2 (98.1-98.3)gh Net: 97.8 (97.7-97.9)gh - - - 

≥ 80 years    CR: 98.7 (98.6-98.9)Ĭ  CR: 98.3 [98.1-98.4]Ĭ CR: 98.0 (97.7-98.2)Ĭ    

Median age: 83 (80-108)e          

M:10,931; F: 32,073e       - - - 

   Net: 98.6 (98.4-98.8)gh - Net: 98.2 (98.0-98.4)gh Net: 98.0 (97.7-98.3)gh    

Median FU: 4.2y Hybrid: 3,243 2/61(3%) CR: 98.8 (98.3-99.1)Ĭ  CR: 98.3 [97.8-98.7]Ĭ CR: 98.1 [97.5-98.6]Ĭ    

Jämsen et al. (2014)ab Cemented: 3,811  5/46 (11%) 1y CR:98.8 (98.4-99.2)Ĭ - CR: 98.1 (97.7-98.6)Ĭ CR: 97.8 (97.3-98.3)Ĭ CR: 97.4 (96.9-98)Ĭ - - 

≥80y M: 1,143; F: 2,668 
10/57(18%) 

in F 
       

 Mean age: 82y (80-102)         

          

 Hybrid: 502  0/5(0%) in F CR: 98.6 (97.6-99.7)Ĭ - CR: 98.1 (96.9-99.4)Ĭ CR: 98.1 (96.9-99.4)Ĭ CR: 98.1 (96.9-99.4)Ĭ - - 

Mean FU: 4y M: 145; F: 357         

 Mean age: 82y (80-95)         

Kandala et al. (2015)abcd Cemented: 137,990 - - - - - CeCoP:  98.12f (97.89-98.03)j - - 

Age not specified M: -; F: -      CeMoP: 97.78f (97.17-97.58)j   

Median age: 70.4ye          

 Hybrid: 28,471 - - - - - HyMoP: 97.58f (96.92-97.50)j - - 

Mean FU: - M: -; F: -         

       AsepƟc looseningj AsepƟc looseningj  

       55-64y: 85 (84-86) n = 2,138 55-64y: 71(69-73) n = 1,086  

       65-74y: 91 (91-92) n = 5,899 65-74y: 85(84-86) n = 2,049 - 

       ≥75y: 95 (95-96) n = 2,299 ≥75y 93(92-94) n = 441  

       All: 91 (91-91) n = 10,335 All: 83(82-84) n = 3,575  

 Cemented: 34,296      All reasonsj All reasonsj  

Mäkelä et al. (2008)ad M: 12,004; F: 22 292 - - - - - 55-64y: 83 (82-85) n = 2,140 55-64: 68(66-70) n =1,088  

55- >75y 

Mean age: 70y (55-95)      65-74y: 89 (89-90) n = 5,904 65-74: 82(81-83) n = 2,051 - 

      ≥75y: 93 (93-94) n = 2,300 ≥75y: 91(90-92) n = 441  

      All: 89 (89-89) n = 10,343 All: 80(80-81) n = 3,579  

      AsepƟc looseningj   

Hybrid: 3784 - - - - - 55-64y: 90 (85-95) n = 77   

M: 1,551; F: 1,548      65-74y: 93 (91-95) n = 194 - - 

mean FU: 3.6-10.2y Mean age: 72y (55-96)      ≥75y: 96 (93-100) n = 73   

       All: 93 (92-95) n = 343   

       All reasonsj   
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Study (Age group) Sample size 
PeriprostheƟc 

fracture rates 
1-y survival % 2-y survival % 3-y survival % 5-y survival % 10-y survival % 15-y survival % 16-y survival %  

       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: 6,842 - - Any: 98.6 ± 0.14i - - All: 90.2 ± 0.43i - All: 77.4 ± 1.13i 

Pedersen et al. (2014)a    AL: 99.6 ± 0.43i   AL: 92.8 ± 0.38i  AL: 80.5 ± 1.13i 

35-55y    Other: 99.0 ± 0.12i   Other: 97.3 ± 0.23i  Other: 96.1 ± 0.39i 

Mean age: -          

M: 15,391e    Any: 97.7 ± 0.27i   All: 86.6 ± 0.69i  All: 68.5 ± 2.12i 

F: 14,167e  - - AL: 99.3 ± 0.15i - - AL: 91.4 ± 0.59i - AL:75.9 ±2.17i 

Mean FU: - Hybrid: 3,068   Other: 98.4 ± 0.23i   Other: 94.8 ± 0.44i  Other: 90.1 ± 1.08i 

AbbreviaƟons: AL, asepƟc loosening; CeCoP, cemented ceramic on polyethylene; CeMoP, cemented metal on polyethylene; CR, compeƟng risk (death); F, female; FU, follow-up; M, male. a Included other hip types (cementless and/or reverse hybrid) in the comparison; b Only included specific makes of component; 

c Included bearing surface as a predictor of survival; d Bilateral THR not menƟoned; e Of the enƟre sample only; f Crude survival rate - CompeƟng risk survival rate with death as a compeƟng risk; g Net survival rate- The esƟmated survival rate accounƟng for only those who survived long enough to require revision 

potenƟally; h Mean survival% [95%CI][low - high]; i Mean survival% ± standard deviaƟon; j Range of survival percentages between Bathtub, Weibull, LoglogisƟc and flexible Kaplan-Meier models. 
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2.3.3. Secondary outcome: PaƟent-reported outcome measures 

2.3.3.1. Risk of bias 

Three studies (NilsdoƩer & Lohmander, 2003; Norman-Taylor & Villar, 1997; Onsten & Carlsson, 1994) were 

idenƟfied as including PROMs and evaluated for risk of bias. The only observaƟonal study (NilsdoƩer & 

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), indicaƟng possible age-

related confounding. The Swedish observaƟonal study  (NilsdoƩer & Lohmander, 2003) had more females and 

older parƟcipants in the cemented group, suggesƟng imbalance in key demographic variables. While both RCTs 

showed comparable sex raƟos (p>0.05) (Norman-Taylor & Villar, 1997; Onsten & Carlsson, 1994), the 

observaƟonal study did not  (NilsdoƩer & Lohmander, 2003). These differences lower confidence in the 

observaƟonal findings due to risk of confounding and contribute to downgrading the certainty of evidence. The 

observaƟonal study (NilsdoƩer & Lohmander, 2003) indicated a moderate risk of bias in study aƩriƟon, 

prognosƟc factor and outcome measurement, and study confounding, with all other factors indicaƟng 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 idenƟfied in the randomisaƟon process in one of the RCTs where 

randomisaƟon 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 publicaƟon 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 populaƟons with poorly defined or non-existent subgroups. These factors severely limited the 

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

 

2.3.3.3. Study characterisƟcs 

CharacterisƟcs of individual studies can be found in Table 6. The three studies (NilsdoƩer & 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 osteoarthriƟs. Two RCTs (n = 80 and n = 60 

respecƟvely) (Norman-Taylor & Villar, 1997; Onsten & Carlsson, 1994), and one observaƟonal study (n = 196) 

(NilsdoƩer & Lohmander, 2003) were performed in Europe (two in Sweden (NilsdoƩer & 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. ObservaƟon periods ranged from 1988 to 1998 

and reported short-term (1, 2, and 3.6-year) PROMs, with two studies also reporƟng preoperaƟve scores 
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(NilsdoƩer & 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. CharacterisƟcs of included studies comparing PROMs in cemented and hybrid total hip arthroplasty for osteoarthriƟs 

Author 
Study period and 

country 
Study design 

Sample 

size 
Age group Outcomes 

Follow-up 

period 

CollecƟon 

Ɵme points 
Predictors of interest Key findings 

NilsdoƩer and Lohmander 

(2003) 

1995-1998 

Sweden 
ObservaƟonal† 

n = 196 

C-139 

H- 57 

NR 

HRQOL: SF-36 

PROM: WOMAC 

Preop: Yes 

3.6 y 1 and 3.6y 

Age, sex, fixaƟon, 

follow-up Ɵme, 

baseline values 

No difference in PROMs between cemented 

and hybrid THR noted. StaƟsƟcally significant 

improvement in postoperaƟve scores for both 

fixaƟon types. 

Norman-Taylor and Villar 

(1997) 

1992-1994 

United Kingdom 
RCT 

n = 80 

C- 40 

H- 40 

<70 

HRQOL: Rosser 

Index 

PROM: Harris Hip 

Score 

Preop: Yes 

1 y 1 y Age, sex 
Inconclusive. Harris hip score used to 

determine Rosser index score 

Onsten and Carlsson 

(1994) 

1988-1991 

Sweden 
RCT 

n = 60 

C- 30 

H - 30 

40-70 y 

HRQOL: No 

PROM: Harris Hip 

Score 

Preop: No 

2 y 2 y FixaƟon 
No difference in PROMs between cemented 

and hybrid THA noted. 

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

and McMaster UniversiƟes ArthriƟs Index. † 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 respecƟvely, 

with no reporƟng of staƟsƟcal significance. In the UK RCT (Norman-Taylor & Villar, 1997), there was no 

staƟsƟcally significant difference between the cemented and hybrid preoperaƟve Rosser Index HRQOL scores 

(p = 0.596); but at 1-year, hybrid THAs performed staƟsƟcally significantly beƩer than cemented THAs (0.988 ± 

0.018, 0.995 ± 0.006 respecƟvely, p = 0.015) with the cemented hip reporƟng beƩer 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 paƟents, the study idenƟfied that 60% of hybrid THA paƟents 

achieved maximal HRQOL scores aŌer 1 year. This HRQOL study however, suggested improvement in quality of 

life was not dependent on prosthesis type. 

 

The observaƟonal study (NilsdoƩer & Lohmander, 2003) included preoperaƟve, 1-year, and 3.6-year WOMAC 

and SF-36 scores. No difference in WOMAC scores between the cemented or hybrid groups at any Ɵmepoint 

was noted. The SF-36 subscales of “role physical” and “general health” showed staƟsƟcally significant 

differences (p < 0.05) preoperaƟvely, 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 indicaƟng beƩer scores. However, 

when the scores were adjusted for age, sex, follow-up Ɵme and baseline values, no staƟsƟcally significant 

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

 

2.3.3.4. NarraƟve synthesis 

With very low certainty of evidence, in three heterogenous studies using assorted PROMs tools at inconsistent 

Ɵmepoints, 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 opƟons. Despite differences in instruments and follow-

up duraƟons, the consistent direcƟon of effect (i.e., no observed or staƟsƟcally significant difference) supports 

the conclusion that PROMs may be similar between the two fixaƟon types. While formal data synthesis was not 

feasible, the narraƟve synthesis suggests that across different instruments and Ɵmepoints, 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 cauƟon. The lack of observable difference 

may be due to study limitaƟons and imprecision.



60 
 

Table 7. Outcomes of paƟent-reported outcome studies comparing hybrid and cemented primary total hip arthroplasty for osteoarthriƟs 

ArƟcle Prosthesis type 

PROM (mean ± SD) HRQOL(mean ± SD) 

Instrument Sub level Preop 1 year 2 years 3.6 years Instrument 
Sub 

level 
Preop 1 year 3.6 years 

 
  

      
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)  SƟffness 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)¶  FuncƟon 37.1±15.5 75.4±18.0 - 71.3±20.4  SF 62.6±26.5 84.7±23.5 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 

NilsdoƩer and 

Lohmander (2003) 
 WOMAC   

   

SF-36  

    
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* 72.4±37.1* 63.9±41.6* 

 
Mean age: 62 (50-72)¶    

   
 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 

   SƟffness 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* 

   FuncƟon 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 87.3±15.7* 83.4±20.1* 

 
 

        
A    B     C     D A    B   C   D 

 
        

 
I - 15,   3,   3,           - 

         II 8,    3 
4 ,  10,  2,   

1 
- 

 Cemented (n = 40)       
 

III 1,    8 ' 1,   1  - 

 

Mean age: 58.22y ± 6.7 

(40-65) 
 Pain - - - -  IV 3, 17 - - 

 
M: 19, F: 21  Hip - - - -  V - - - 

Norman-Taylor 

and Villar (1997) 
 Harris Hip†      Rosser Index¶ VI - - - 

n = 80          A   B     C    D A    B    C  D - 
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ArƟcle Prosthesis type 

PROM (mean ± SD) HRQOL(mean ± SD) 

Instrument Sub level Preop 1 year 2 years 3.6 years Instrument 
Sub 

level 
Preop 1 year 3.6 years 

Age: <70y Hybrid (n = 40)  Pain - - - -  I - 24,  6 - 

 
Mean age: 52.90y ± 6.6 

(39-67) 
 Hip - - - -  II 

5, 10 
5,    3,   1 - 

 M: 22, F: 18        III 2,   8 1 - 

         IV 2, 13 - - 

         V - - - 

         VI - - - 

 Cemented (n =30)  Pain - - 42 - 
     

 M: 16; F: 14  Hip - - 91 - 
     

 Mean age: 63 ± 6‡   
         

Onsten and 

Carlsson (1994) 
 

Harris 

Hip‡¶ 
 

- - 
 

- - - - - - 

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. AbbreviaƟons: BP, bodily pain; GH, general health; HRQOL, health related quality of life; MH, mental health; PROM, paƟent-reported outcome measure; PF, physical funcƟon; RE, role 

emoƟonal; RP, role physical; SD, standard deviaƟon; SF, social funcƟon; SF-36, 36 Item Short Form Survey; VT, vitality; WOMAC, Western Ontario and McMaster UniversiƟes ArthriƟs Index. † Actual scores not reported, used to determine Rosser 

index. ‡ No range provided. ¶ No standard deviaƟon provided. ¶ 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 distribuƟon of paƟents within each category with AI 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 osteoarthriƟs. From the eight retrieved studies (Bloemheuvel et al., 2022; 

Jämsen et al., 2014; Kandala et al., 2015; Mäkelä et al., 2008; NilsdoƩer & Lohmander, 2003; Norman-Taylor & 

Villar, 1997; Onsten & Carlsson, 1994; Pedersen et al., 2014), five observaƟonal studies (Bloemheuvel et al., 

2022; Jämsen et al., 2014; Kandala et al., 2015; Mäkelä et al., 2008; Pedersen et al., 2014) compared the 

primary outcomes of survival and two studies compared PPF rate (Bloemheuvel et al., 2022; Jämsen et al., 

2014). Two RCTs (Norman-Taylor & Villar, 1997; Onsten & Carlsson, 1994) and one observaƟonal study 

(NilsdoƩer & Lohmander, 2003) analysed PROMs. 

2.4.1. Survival 

While the overall number of observaƟons in the survival studies was substanƟal (n = 283,100), lack of clinical 

and methodological homogeneity led to variability in findings. Three studies (Bloemheuvel et al., 2022; Jämsen 

et al., 2014; Mäkelä 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 beƩer 10-year cemented 

survival and one study (Pedersen et al., 2014) beƩer 16-year cemented survival. However, neither of the laƩer 

studies confirmed whether the observed differences reached staƟsƟcal significance. Survival outcomes 

appeared to vary by paƟent group, follow-up duraƟon, and implant type. Studies examined paƟents from 

under 55 years only (Pedersen et al., 2014) to those over 80 years only (Bloemheuvel et al., 2022; Jämsen et al., 

2014). In some studies, survival seemed to be beƩer in specific cemented subgroups (e.g., ceramic-on-

polyethylene bearings) (Kandala et al., 2015), suggesƟng that individual implant characterisƟcs may be more 

important than fixaƟon type alone. 

 

Broad category classificaƟons of THA fixaƟon groups include mulƟple implant brands (stems and acetabular 

cups), designs (geometry), materials, and coaƟngs, which can behave differently in terms of longevity, wear, 

and complicaƟons (Boyle et al., 2022). Examining broad categories can highlight general trends, but lacks the 

detail needed to guide implant selecƟon. Research on specific implant comparison may allow more accurate 

assessment of variability in paƟent outcomes, improve implant selecƟon for paƟents, provide more clinically 

relevant outcomes, and avoid misleading conclusions (Campbell et al., 2021). Focusing on specific implant 

comparisons risks reduced sample sizes and staƟsƟcal power, compromising inference, but the conƟnued use 

of regional or naƟonal registry data could miƟgate this limitaƟon by leveraging access to larger and more 

generalisable paƟent populaƟons. 

 

Only two studies reported PPF rates (Bloemheuvel et al., 2022; Jämsen et al., 2014), both in paƟents 80 years 

and older but at different Ɵmepoints. One study indicated higher PPF rates in cemented THA (Bloemheuvel et 

al., 2022). SƟll, 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 fixaƟon), and these cases were not reported, the true incidence of PPFs 

may be underesƟmated in both fixaƟon types. This lack of reporƟng lowers the proporƟon outcome of PPF in 

cemented and hybrid fixaƟon in THA. A study analysing data from the UK NaƟonal Joint Registry found that 

56% of postoperaƟve 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 

reoperaƟon (but not necessarily component replacement) following THA and that the prevenƟon and 

treatment of PPF requires further research. It may be prudent to include, at a minimum, PPFs requiring surgical 

intervenƟon within revision registry data collecƟon. 

 

All survival studies (Bloemheuvel et al., 2022; Jämsen et al., 2014; Kandala et al., 2015; Mäkelä et al., 2008; 

Pedersen et al., 2014) used naƟonal registry derived data for survival analysis. The lack of consistent reporƟng 

of staƟsƟcal significance, follow-up periods, and paƟent straƟficaƟon reduces the overall ability to determine 

meaningful inferences from findings. While naƟonal joint registries are invaluable for monitoring and improving 

the outcomes of joint replacement surgeries, they do have some limitaƟons. NaƟonal registries provide broad 

standardised data that help idenƟfy overall trends in outcomes, implant longevity, and paƟent demographics 

(Lubbeke et al., 2017; SuƩon & Murray, 2025). However, they mask regional dispariƟes by averaging data 

across different populaƟons and may not capture variaƟons, for example, between wealthier and deprived 

regions or populaƟons of different ethniciƟes. Regional joint registries may offer more detailed insights into 

regional populaƟon characterisƟcs, specific access barriers, rural versus urban areas, and variaƟons in surgical 

and funding outcomes (private versus public) (Burt, 2024). For surgeons, regional data analysis may be more 

effecƟve at determining the most successful THA for a specific demographic of paƟent. 

 

Methodological heterogeneity between the survival studies complicated comparison and inference. 

Standardising survival analysis models, the handling of missing data, staƟsƟcal adjustments, and definiƟon of 

outcomes affected the validity and comparison of results. Methodological homogeneity in registry data analysis 

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

 

2.4.2. PaƟent-reported outcome measures 

Although limited, all PROMs studies (NilsdoƩer & Lohmander, 2003; Norman-Taylor & Villar, 1997; Onsten & 

Carlsson, 1994) reported improvements in HRQOL following primary THA for osteoarthriƟs, regardless of 

fixaƟon type. One RCT (Norman-Taylor & Villar, 1997) found a staƟsƟcally significant advantage for hybrid THA 

at 1-year using the HRQOL Rosser  Index. The observaƟonal study (NilsdoƩer & Lohmander, 2003) reported 

differences in SF-36 subscales, favouring hybrid THA at 1-year and 3.6-years, but these differences were not 

staƟsƟcally significant aŌer adjusƟng for age, sex, follow-up Ɵme, and baseline values. Overall, both hybrid and 

cemented PROMs improved substanƟally 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 idenƟfied in the medium-term to long-term. The included studies spanned a 30-year period and dated 
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Ɵmeframe (1988-1998) and offer valuable historical perspecƟves. However, their relevance to contemporary 

pracƟce is limited due to outdated measurement tools, evolving surgical techniques, and shiŌing paƟent 

expectaƟons. InterpretaƟon should be cauƟous, parƟcularly when comparing to modern cohorts. In all three 

studies (NilsdoƩer & Lohmander, 2003; Norman-Taylor & Villar, 1997; Onsten & Carlsson, 1994) included in the 

systemaƟc review, younger, likely more acƟve paƟents, were selected for hybrid THA, possibly reflecƟng 

surgeon preference rather than a truly random comparison. This bias creates indirectness of evidence as 

outcomes may reflect paƟent characterisƟcs 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 prospecƟve internaƟonal mulƟcentre study observed that while paƟents experienced significant 

improvements in PROMs within the first-year post THA, certain factors like obesity and postoperaƟve 

difficulƟes 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 conƟnued monitoring to assess the sustainability of surgical 

benefits. Research also indicates that PROMs tend to plateau aŌer 1-to-2 years post-surgery, but that aƩriƟon 

over Ɵme may affect study sensiƟvity (Spece et al., 2025). This aƩriƟon rate could be miƟgated by using 

prospecƟve naƟonal or regional populaƟon PROMs data rather than smaller sample groups (Faber & Fonseca, 

2014). A longitudinal cohort study by Schwartz et al. (2022) emphasised that cogniƟve and mental health 

assessment significantly influence recovery trajectories post THA and suggested that long-term PROMs are 

essenƟal for idenƟfying paƟents at risk of poorer outcomes and for tailoring postoperaƟve care accordingly. 

Such informaƟon is vital for seƫng realisƟc paƟent expectaƟons and facilitaƟng informed decision making 

regarding the procedures available. Although one RCT reported staƟsƟcally significant HRQOL differences at 1 

year favouring hybrid THA (Norman-Taylor & Villar, 1997), this finding was not consistently observed across 

other studies or Ɵmepoints. 

 

There is a pressing need for contemporary, high-quality research evaluaƟng paƟent-centred outcomes across 

different fixaƟon types using standardised PROMs. Future studies should standardise the selecƟon, collecƟon 

and reporƟng of PROMs ideally in alignment with internaƟonally 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, 

validaƟon and strong correlaƟon with paƟent saƟsfacƟon and outcomes, the WOMAC is considered the highest 

quality PROMs tool  for osteoarthriƟs (Gagnier et al., 2018). The author proposes the use of at least one of 

these tools as an internaƟonal standard. Transparency on missing data, loss to follow-up, and selecƟon bias is 

essenƟal. Lack of studies could reflect a systemaƟc under collecƟng and underreporƟng of PROMs in this area 

contribuƟng to uncertainty and limiƟng evidence-based decision making. RecommendaƟons would be to 

collect PROMs preoperaƟvely, 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 evaluaƟng the efficacy and safety of medical intervenƟons, Pakvis et al. 

(2011) argued that RCT studies are challenging to conduct in THA and may not always reflect the complexiƟes 
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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 populaƟons, 

intervenƟons and follow-up duraƟons, using consistent outcome tools, data collecƟon Ɵmelines, 

methodologies, and standardised staƟsƟcal analyses. 

 

Both survival and PROMs studies suffered from common limitaƟons, including clinical and methodological 

homogeneity and inconsistent reporƟng. There are key limitaƟons in the current literature, notably few 

published studies; heterogeneity in study design, outcome measures, and follow-up duraƟons; and all studies 

conducted in European countries. The fact that all studies in the review were European limits the internaƟonal 

generalizability of the findings due to potenƟal differences in healthcare systems, surgical techniques, paƟent 

demographics, and ethnic variaƟons 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 opƟmal paƟent outcomes across diverse global populaƟons. Furthermore, there 

is more recent data suggesƟng that larger femoral heads improve stability, thus reducing dislocaƟon risk, 

however, produce comparable PROMs funcƟon (Darden et al., 2025). Head size was not addressed as part of 

this review. Of the arƟcles reviewed, one study straƟfied for head size, indicaƟng 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 idenƟfied moderate-to-high and high risk of bias across studies, with concerns related to 

confounding, prognosƟc factor measurement, randomisaƟon and missing outcome data. AddiƟonally, 

publicaƟon 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 fixaƟon types appear to offer good early PROMs and 

comparable implant longevity, further research is required, parƟcularly longer-term PROMs studies and 

implant survival at the prosthesis level (Boyle et al., 2023) rather than broad fixaƟon categories. Standardised 

methods, adjusted analyses, and straƟficaƟon by paƟent and implant characterisƟcs are essenƟal for informed 

decision making. 

 

2.5. Conclusion 

The review of the literature idenƟfied primary survival and PPF rates and secondary PROMs outcomes between 

hybrid and cemented THA for paƟents with end stage osteoarthriƟs from eight available studies. The studies do 

not clearly demonstrate a superior fixaƟon category between hybrid and cemented THA. Both THA opƟons 

showed improvements in early PROMs, exceeding 98% survival at 1 and 2 years and at least 90% survival at 10-

years. All studies idenƟfied were European and evaluated outcomes from 1980 to 2019, suggesƟng that earlier 

studies might not relate to current surgical pracƟces. Indeed, changes in pracƟce over Ɵme may influence the 
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heterogeneity of this review. The included studies were also inconsistent in reporƟng similar paƟent 

demographics, parƟcularly age, PROMs, study Ɵme periods, length of follow-up, staƟsƟcal methods, and THA 

implant components. A further limitaƟon of the included studies was the inconsistent reporƟng of femoral 

head size; head diameter was not universally documented, categorised, or standardised across the survival and 

PROM literature reviewed, precluding any systemaƟc assessment of its contribuƟon to the outcomes reported. 

European only studies are limited in their ability to reflect outcomes in non-European seƫngs, due to regional 

variaƟons in clinical pracƟce and paƟent demographics. The absence of longer-term PROM data is a significant 

gap and likely the biproduct of short-term focus, resource, and Ɵme 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 aƩempt to 

summarise literature contrasƟng survival, PPF, and PROM outcomes between cemented and hybrid primary 

THA for osteoarthriƟs, idenƟfying comparable outcomes between methods when considering the few studies 

available. 

 

2.6. LimitaƟons 

This review is limited by the quality and heterogeneity of the included studies, which constrained the strength 

and interpretability of the findings. The potenƟal for publicaƟon bias exists, as studies reporƟng null or 

negaƟve outcomes may remain unpublished. Much of the available evidence is dated and may not reflect 

modern surgical techniques or implant designs. As with all observaƟonal evidence, residual confounding and 

selecƟon bias cannot be excluded. The exclusion of non-English language studies and grey literature may have 

introduced addiƟonal 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 osteoarthriƟs 

Prelude: The preceding systemaƟc review idenƟfied a lack of comparaƟve 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 naƟonal registry data and heterogenous 

implants in each category limiƟng comparability of outcomes. 

 

Although the overarching objecƟve 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 rouƟne clinical use in NZ changed in 2010, when 

early generaƟon ECF use diminished in favour of the modern HXLPE Rimfit implant. While the ECF has a 

posiƟve established reputaƟon for long-term survival, the survival performance of its successor has not been 

independently compared within the same populaƟon and stem construct. 

 

Given both cemented implants under invesƟgaƟon incorporate the same cemented Exeter V40 femoral stem, 

any comparison implicitly assumes stability and equivalence within each cohort. Establishing comparaƟve 

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 paƟent-reported outcomes. 
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3.1. IntroducƟon 

In 1962 Sir John Charnley pioneered the first fully cemented, low fricƟon 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 substanƟal improvements such as flanged cups to 

improve cement pressurisaƟon (Boote et al., 2022) and improved cement formulaƟons (Niculescu et al., 2015). 

The early generaƟon 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 dislocaƟon (Partridge et al., 2016) and asepƟc loosening rates (Kristof et al., 2024). 

From 2010 the focus became the reducƟon 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 rimcuƩer 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 seƫngs gradually disconƟnued 

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 combinaƟon is the most prominent cemented THA in NZ, represenƟng 

nearly 8,000 of the 93,487 THA surgeries recorded between 1999 and 2013 (McKie et al., 2024). The 

Rimfit/V40 combinaƟon 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 osteoarthriƟs. There is no study directly comparing their survival, reasons for revision, or revision 

predictors of interest in osteoarthriƟs. 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 essenƟal to jusƟfy the transiƟon from the ECF to the Rimfit in clinical pracƟce. 

 

An ideal comparison between the ECF and the Rimfit would control for fixaƟon, stem type or approach, 

handling, and instrumentaƟon. Comparing these THA components in the same region with the same group of 

surgeons also eliminates variaƟons in surgical skill, experience, and preferred technique. Therefore, this 

analysis focused on data from a regional registry. This study compared and reported paƟent characterisƟcs, 10-

year survival, reasons for revision, and effects of paƟent-specific predictors (age, sex, BMI, ethnicity, ASA raƟng, 

and funding source) on survival outcomes in the two cemented implants for primary THA for osteoarthriƟs in 

the Bay of Plenty region of NZ to idenƟfy 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 collecƟon 

Ethical approval was obtained from The University of Waikato Human Research Ethics CommiƩee 

(HREC2023#12). The NZOA supplied anonymised data from the mandatory naƟonal 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 

osteoarthriƟs 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 generaƟon cemenƟng technique. Both 

cemented cups are widely used, intended for the same paƟent populaƟons but differ in features such as flange 

geometry and rim configuraƟon. 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 unƟl the date of death or 

end of the observaƟon period or upon 10 years of follow-up and categorised as “0”. PaƟent-specific predictors 

were treated as categorical variables, and included sex, age, BMI, ethnicity, ASA raƟng, 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 naƟonal joint registry categories. Only a small number of ≤55y 

observaƟons (2%) in both implants were noted (ECF: n = 8; Rimfit: n =28) and were combined with the 56–64y 

age group creaƟng a <65y category.  BMI at surgery was classified into five categories as per the Centre for 

Disease Control (Assessing your weight | Healthy weight, nutriƟon, and physical acƟvity | CDC). ASA raƟngs are 

graded into four categories. However, eight ASA 4 observaƟons between both implants (ECF: n = 1; Rimfit, n = 

7) were recoded as ASA 3 for analysis. EthniciƟes are self-reported and extracted via the NaƟonal Health Index 

(unique idenƟfier assigned to each person in NZ).  
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Table 8. ClassificaƟon of paƟent 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/m²)  

<25 Normal BMI 

25-29.9 Overweight 

30-34.9 Obese Class I 

35-40 Obese Class II 

>40 Obese Class III 

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 

Māori A person of the Māori 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 deleƟon approach was implemented to handle missing data so that all available data were used in 

staƟsƟcal analysis. Revision and death were idenƟfied through the compulsory naƟonal joint registry, which 

captures all primary procedures, revision operaƟons, and mortality through naƟonal data linkage. As a result, 

loss to follow-up was negligible. PaƟents 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” staƟsƟcal package (Posit, 2023). Kaplan-Meier assumpƟons 

of independent, non-informaƟve censoring; Ɵme-to-event data; homogeneity of survival and no influenƟal 

events affecƟng survival were met.  CompeƟng risk of death analysis was considered; however, standard 

Kaplan-Meier analysis was chosen as the populaƟon below 75 years where death is less likely to be a 

compeƟng risk exceeded the older populaƟon 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 proporƟons for 

each categorical predictor between implants. 
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3.2.3. Reasons for revision 

Reasons for revision were categorised into dislocaƟons, infecƟon, periprostheƟc fracture, pain, asepƟc 

loosening of acetabulum, asepƟc loosening of both components, loosening of acetabulum due to infecƟon, fall, 

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

3.2.4. Regression 

Uni- and mulƟvariate Cox regressions were performed on the overall cemented sample as well as for each 

implant. To assess the robustness of findings, proporƟonal hazards assumpƟon was evaluated using Schoenfeld 

residuals and log-log survival plots. The results were consistent across methods, supporƟng the validity of the 

primary analysis. Across staƟsƟcal analyses, the 95% confidence intervals [lower, upper] of esƟmates were 

extracted and significance set to p < 0.05. All analyses were conducted using R studio 2024.09.0. 

3.3. Results 

PaƟent 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 ± 8.5 y, BMI: 28.1 ± 5.2 kg/m2) included ECF in 363 instances (22.3%, age: 

71.3 ± 8.5 y, BMI: 28.2 ± 4.8 kg/m2) and Rimfit in 1267 instances (77.7%, age: 71.7 ± 8.5 y, BMI: 28.1 ± 5.3 

kg/m2), with no staƟsƟcally significant difference between implant groups in mean age ( p = 0.427) or BMI (p = 

0.812) at surgery. Chi square tests revealed no staƟsƟcally significant differences in proporƟon of men and 

women (p = 0.095), BMI categories (p = 0.555), or age categories (p = 0.596) between implants. StaƟsƟcally 

significant differences of proporƟon in ASA raƟngs (p < 0.001), ethniciƟes (p < 0.001) and funding pathways (p = 

0.004) between implants (Table 10) were noted. The Rimfit reported a higher proporƟon of Māori, ASA 3 

raƟng, 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 observaƟons and 95% of Rimfit observaƟons, 

the remaining being ceramic.
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Table 9. PaƟent variables and revisions per component in contemporary and modern cemented primary total hip arthroplasty for osteoarthriƟs 

  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%                 

Age (years) 

≤64 337 20.7% 15 4.5%  81 20.1% 4 4.9%  256 20.2% 11 4.3% 

65-74 670 41.1% 16 2.4%  150 41.3% 5 3.3%  520 41.0% 11 2.1% 

≥75 623 38.2% 12 1.9%  132 36.4% 5 3.8%  491 38.8% 7 1.4% 
                

BMI (kg/m²) 

<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% 

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% 

≥40 45 3.1% 1 2.2%  9 3.5% 0 0.0%  36 2.3% 1 2.8% 

Missing† 184 NA 6 3.3%  107 NA 6 5.6%  77 NA 0 0.0%                 

ASA 

1 216 14.0% 4 1.9%  59 20.7% 1 1.7%  157 12.4% 3 1.9% 

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% 

Missing† 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% 
 

Missing† 231 NA 3 1.3%  14 NA 0 0.0%  217 NA 3 1.4%                 

Ethnicity 

NZEU 1455 89.3% 39 2.7%  304 83.7% 12 3.9%  1151 90.8% 27 2.3% 

Māori 110 6.7% 3 2.7%  14 3.9% 1 7.1%  96 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 
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Table 10. Tests of factor proporƟon for a contemporary and modern cemented total hip arthroplasty component for 
osteoarthriƟs 

Variable Group  ECF  Rimfit  Model comparison  

   Actual Expected χ²  Actual Expected χ²  χ² p-value  

Sex Male  158 144 1.3  490 504 0.37  2.57 0.095  

 Female  205 217 0.86  777 763 0.25  
 

  
         

 
 

 
  

Age (years) 

≤64  81 75 0.47  256 262 0.14  1.03 0.596  

65-74  150 149.00 0  520 521 0     

≥75  132 139 0.33  491 484 0.09     
 

             

BMI (kg/m²) 

<25  61 65 0.24  306 302 0.05  3.01 0.555  

25-29.9  120 109 1.02  498 509 0.22     

30-34.9  53 57 0.28  269 265 0.06     

35-39.9  13 17 0.8  81 77 0.17     

≥40  9 8.00 0.13  36 37.00 0.03     
 

             

ASA 

1  59 40 9.3  157 176 2.1  18.4 <0.001 * 

2  175 174 0  771 772 0     

3 & 4  51 71.00 5.67  335 315.00 1.28     
 

             

Funding 
Public  118 141 3.81  448 425 1.27  8.16 0.004 * 

Private  231 208 2.59  602 625 0.86     
 

             

Ethnicity 

NZEU  304 324 1.24  1151 1131 0.35  90.2 <0.001 * 

Māori  14 25 4.5  96 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 observaƟon 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 staƟsƟcal 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). 

 

Figure 2 10-year Kaplan-Meier survival for both implants 

Figure 8. Kaplan-Meier survival curve for a contemporary and modern cemented implant in 
primary total hip arthroplasty for osteoarthriƟs up to 10 years 
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Table 11. Contemporary and modern cemented implant survival in primary total hip arthroplasty for osteoarthriƟs at 10 years 

  Both Implants  ECF  Rimfit 

Factor  
At risk 

(n) 
Events 

(n) 
Survival % [95%CI] log-rank 

p-value †  
At risk 

(n) 
Events 

(n) 
Survival % [95%CI] log-rank 

p-value † 
 At risk 

(n) 
Events 

(n) 
Survival % [95%CI] log-rank 

p-value † 

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] 
0.113  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] 

                

Age (years) 
<65 154 15 94.5 [91.7, 97.3] 

0.172 
 71 4 94.8 [90.0, 99.9] 

0.854 
 83 11 94.7 [91.6, 97.9] 

0.103 65-74 229 16 97.1 [95.7, 98.5]  120 5 96.3 [93.2, 99.5]  109 11 97.5 [96.0, 99.0] 

≥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] 

                

Ethnicity  
NZEU 417 39 96.5 [95.4, 97.7] 

0.748 
 201 12 95.6 [93.2, 98.1] 

0.696 
 216 27 96.9 [95.7, 98.1] 

0.744 Māori 34 3 95.2 [89.3, 100]  11 1 90.9 [75.4, 100]  23 2 97.8 [94.8, 100] 

Other 44 1 98.3 [95.1, 100]  33 1 97.7 [93.4, 100]  11 0 100 [100, 100] 

                

BMI (kg/m²) 

<25 83 7 97.2 [95.2, 99.4] 

0.784 

 37 3 94.7 [89.1, 100] 

0.487 

 46 4 97.7 [95.5, 100] 

0.527 
25-29.9 175 15 97.0 [95.4, 98.6]  79 2 98.2 [95.7, 100]  96 13 96.6 [94.6, 98.6] 

30-34.9 82 10 95.5 [92.6, 98.5]  35 3 93.3 [86.3, 100]  47 7 96.5 [93.9, 99.2] 

35-39.9 30 4 95.7 [91.6, 99.9]  10 0 100 [100,100]  20 4 95.0 [90.3, 99.9] 

≥40 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   

                

ASA 

1 85 4 97.3 [94.7, 100] 
0.705 

 49 1 98.2 [94.6, 100] 
0.336 

 36 3 96.5 [92.2, 100] 
0.892 2 267 25 96.8 [95.5, 98.0]  114 6 96.2 [93.3, 99.3]  153 19 96.9 [95.5, 98.3] 

3 & 4 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 0   

                

Funding 
Public 160 16 96.4 [76.3, 94.9] 

0.917  65 7 92.6 [87.4, 98.1] 
0.128  95 9 97.8 [96.3, 99.3] 

0.314 
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; CI, confidence interval; ECF, Exeter Contemporary Flanged cup; NZEU, New Zealand European; Rimfit, Exeter X3 Rimfit cup 

* p-value set at < 0.05; † 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 

dislocaƟon (30%) followed by infecƟon (23%). No staƟsƟcally significant difference in proporƟon of dislocaƟon 

(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 reflecƟng the overall cohort distribuƟon. 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%) Māori and 1 (2%) Other, with the remaining missing or uncategorised. These distribuƟons 

provide context for subsequent revision paƩerns. Notably, 15 (35%) revisions occurred in paƟents under 65 

years, 16 (37%) in those 65-74 years and 12 (28%) in paƟents ≥75 years. Compared with the overall cohort, 

paƟents 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 staƟsƟcally significant in 

either univariate or mulƟvariate Cox regression. BMI data were missing for 13 revision cases, limiƟng 

interpretaƟon across categories. 

 

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

 
Both Implant 

revisions  ECF revisions  Rimfit revisions χ² 

 (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 

MulƟvariate Cox regression for both implants found no staƟsƟcally significant effect of any predictor on 10-year 

survival (Table 13). Certain subgroups (BMI 35-39.9 and ≥40, NZ Māori) had small sample sizes, which should 

be considered when interpreƟng these findings. 
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Table 13. Cox mulƟple regression for a contemporary and modern cemented primary total hip arthroplasty implant for osteoarthriƟs 

 Both Implants  ECF  Rimfit 

Covariate Coeff (OR) HR 95% [CI] ‡ p-value  Coeff (OR) HR 95%CI ‡ p-value  Coeff (OR) HR 95%CI ‡ 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 ≥75 -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 0.31 [0.05, 1.97] 0.213  -0.69 0.5 [0.20, 1.25] 0.141 

BMI≥40 -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 Māori -0.46 0.63 [0.14, 2.80] 0.544  -18.3 <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           

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

Abbreviations: ASA, American Society of Anesthesiologists grading; BMI, body mass index; CI, 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; † 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, suggesƟng 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 internaƟonally (Bissias et al., 2021; Clar et al., 2024; Kunutsor, BarreƩ, et al., 2019; 

Kunutsor, Beswick, et al., 2019; Mäkelä et al., 2014). For example, the 10-year 97% Rimfit survival rate aligns 

with the UK naƟonal joint registry and the Australian Orthopaedic associaƟon broad cemented category (97.2% 

and 96.6%, respecƟvely) (Clar et al., 2024), substanƟaƟng it as a suitable replacement for the ECF. The Rimfit 

was introduced almost decade aŌer the ECF, yet equivalent survival rates suggest implant design/material 

changes did not translate into measurable differences in long-term fixaƟon. Both designs provide robust 

outcomes across different eras of surgical pracƟce and support the generalisability of these findings. 

3.4.2. Reasons for revision 

Both implants demonstrated no staƟsƟcally significant difference in survival up to 10 years and low rates of 

dislocaƟon, infecƟon, and asepƟc loosening. This finding suggests that implant design differences did not 

substanƟally influence the underlying mechanisms of failure. From a clinical perspecƟve, this lack of difference 

indicates both designs are comparable in terms of stability, infecƟon risk, and fixaƟon durability, with other 

surgical and/or paƟent factors potenƟally influencing revision risk. Comparing revision cases with overall cohort 

distribuƟon revealed that paƟents under 65 years were overrepresented and those over 75 years were 

underrepresented. This paƩern suggests younger, more acƟve paƟents may face a relaƟvely higher risk of 

revision, consistent with registry evidence linking acƟvity levels and implant demand to early failure (Bayliss et 

al., 2017). BMI comparisons were less reliable due to missing data in 13 revision cases, limiƟng firm 

conclusions. 

3.4.3. Regression 

Sex, age, BMI, ethnicity, ASA raƟng, and funding did not significantly influence the 10-year survival of implants 

individually or when combined. It is worthwhile noƟng that no variables significantly impacted on the Ɵme 

unƟl the event of interest in either the overall cemented sample or when straƟfied by implant design. The 

variables considered did not have a meaningful associaƟon with revision in this populaƟon, indicaƟng possible 

weak or non-existent relaƟonship. A low number of Māori and Other ethnicity paƟents, paƟents with BMI 

categories of 35 to 39.9 kg/m2 and >40 kg/m2, and those <55 years reduced precision of survival and Cox 

regression analysis. Hence, the lack of significance should be interpreted with cauƟon. The extended analysis 

provide insight in a NZ context, indicaƟng that the two implants perform well across a broad range of paƟents, 

regardless of sex, age, ethnicity, BMI, ASA raƟng, or funding source. Future research could explore addiƟonal 

paƟent variables not included in this model, such as pre- and post-surgical acƟvity 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 noƟceable decline in the use of fully cemented 

THAs, parƟcularly 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 beƩer long-term bone 

integraƟon (MaƩhias et al., 2021) parƟcularly in younger paƟents (Boyle et al., 2022). The move from 

cemented to cementless fixaƟon was driven by the promise of biological ingrowth, anƟcipated simpler revision, 

and influence from training and industry (Diaz Dilernia et al., 2025; Karuppal, 2016; Ryan et al., 2022). But 

registry evidence shows cementless fixaƟon is not universally superior parƟcularly in elderly women (Humez et 

al., 2024), and many systems are rebalancing toward a selecƟve, paƟent-specific fixaƟon choice (Khanuja et al., 

2022). The extremely low periprostheƟc fracture rate of both the ECF and Rimfit cohorts indicate the cemented 

V40 stem offers reduced fracture risk, which is especially important in osteoporoƟc and fragile bone by offering 

immediate fixaƟon and uniform load transfer, reducing micromoƟon and early loosening (Gjertsen et al., 2024) 

parƟcularly 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 opƟons due to the combined benefits of stem stability and acetabular 

osseointegraƟon (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 definiƟve evidence of specific 

hybrid implant superiority for osteoarthriƟs. 

3.4.5. PaƟent-reported outcomes 

Other than survival, PROMs are an important consideraƟon in determining THA success. Extended THA 

survival, yet poor quality of life, pain, and impaired funcƟon, indicates a poor outcome regardless of implant 

longevity (Golinelli et al., 2022). ComparaƟve PROMs studies for broad category cemented implants versus 

other categories show inconsistent outcomes (Abdulkarim et al., 2013; Jameson, Mason, Baker, Gregg, Deehan, 

et al., 2015; NilsdoƩer & Lohmander, 2003; Onsten et al., 1994) with studies invesƟgaƟng heterogenous 

populaƟons and a selecƟon of different PROMs tools (Pearce, Butcher, et al., 2025). Pearce, Joshi, et al. (2025b) 

idenƟfied 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 beƩer capture funcƟonal 

recovery and quality of life crucial for a comprehensive evaluaƟon of implant success (Okafor & Chen, 2019). 

Specific instruments such as the Oxford Hip Score, Western Ontario and McMaster UniversiƟes OsteoarthriƟs 

index and a health-related quality of life tool, with domains including pain, funcƟon and overall paƟent 

saƟsfacƟon could be used to complement registry-based data alongside comparison of homogenous paƟent 

populaƟons.  

 

Considering the predominant use of hybrid fixaƟon (51%) over cemented (4%) (McKie et al., 2024) in NZ,  a 

comparaƟve 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 populaƟon, over the same observaƟon period is 

recommended, and a closer inspecƟon and comparison of 10-year PROMs. Such a study may idenƟfy paƟent 

subgroups more suscepƟble 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 posiƟve. The favourable survival rate of 

the Rimfit supports its conƟnued use and jusƟfies it as a replacement of the ECF in this region, with 10-year 

survival outcomes not affected by age, sex, BMI, ethnicity, ASA raƟng, or funding source. Future studies should 

include PROMs comparison between the Rimfit and ECF to idenƟfy 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 paƟent predictors, is 

also recommended. 

3.6. LimitaƟons 

This study is observaƟonal 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 paƟent characterisƟcs are not the only predictors of outcomes. PotenƟal confounders such 

as differences in surgical approach, cement brands and intraoperaƟve 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 relaƟvely small sample sizes represenƟng Māori and 

Other ethniciƟes, paƟents under 55 years, and individuals with greater BMI may lead to less reliable analyses 

and increases risk of error. Lack of staƟsƟcal significance therefor warrants cauƟous interpretaƟon. This 

uncertainty may not accurately reflect the true populaƟon 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 distribuƟon of 28 and 32 mm heads in the laƩer. The effect of head size cannot be enƟrely 

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 differenƟal rates between implant types.  
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Chapter 4. FiŌeen-year paƟent-reported outcomes of a cemented 

flanged cup and stem combinaƟon in primary total hip arthroplasty: 

A New Zealand study 

Prelude: The preceding chapter demonstrated no staƟsƟcally 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 observaƟon 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 

essenƟal reference points against which the performance of modern designs can be compared. Accordingly, 

this study was undertaken to characterise long-term PROMs for this earlier generaƟon cemented implant 

combinaƟon within a defined regional populaƟon. In addiƟon, examining paƟent characterisƟcs, as well as 

funding resource type, allowed idenƟficaƟon of subgroups at risk of poorer PROMs, ensuring that later 

implant-level comparisons are interpreted within a broader paƟent- and system-level context. 
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4.1. IntroducƟon  

Surgical success for joint replacement procedures has long been evaluated using implant survivorship models 

(Dobbs, 1980). With current healthcare shiŌing focus to paƟent wellbeing and quality of life (Yamate et al., 

2023), paƟent-reported outcome measures (PROMs) have become an important metric in quanƟfying surgical 

success. PROMs allow surgeons to quanƟfy paƟents’ health-related quality of life and make decisions regarding 

opƟmal paƟent care, shiŌing the focus from surgeon-centred to paƟent-centred models of care. 

 

The early generaƟon, 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 paƟents under 50 years with a component survival rate of 90% aŌer 

10 years. Furthermore, Maggs et al. (2016) idenƟfied an 97.8% survivorship at 12.5 years in paƟents 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 funcƟonal outcomes based Western Ontario and McMaster UniversiƟes ArthriƟs 

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 periprostheƟc fracture rates of 0.6% 

(CI95% 0.3, 0.9) at 15 years (Mancino et al., 2023), although this may be underesƟmated in studies where 

periprostheƟc fractures requiring alternaƟve reoperaƟons (such as open reducƟon and internal fixaƟon, 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 parƟcular 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 

combinaƟon maintained a top 10 posiƟon of all hip combinaƟons 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) combinaƟon (Maggs et al., 2016), few have examined PROMs. A more 

thorough invesƟgaƟon of this cemented cup-and-stem combinaƟon specific to osteoarthriƟs that includes 

short, medium, and long-term PROMs evaluated against paƟent characterisƟcs, comorbidiƟes, and funding 

pathways may idenƟfy specific predictors affecƟng PROMs and populaƟons suscepƟble to poorer outcomes. 

 

ProspecƟvely gathered data from a regional registry were used to examine preoperaƟve, 1-year, 5-year, 10-

year, and 15-year PROMs in primary THA for osteoarthriƟs with this cup-and-stem cemented combinaƟon 

against paƟent characterisƟcs age, sex, and body mass index (BMI); comorbidiƟes based on American Society 

of Anesthesiologist (ASA) raƟng; and funding pathways. Oxford Hip (Murray et al., 2007), WOMAC, and health 

related quality of life Veterans Rand 12-item (VR-12) (Iqbal 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 combinaƟon up to 15 years, establish a benchmark 

methodology for future studies of other implant combinaƟons 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 collecƟon 

Tauranga Orthopaedic Research (TOR) is a non-profit organisaƟon 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 paƟent consent 

and entered into the Standardized Orthopaedic CarƟlage Repair and Treatment EvaluaƟon SoŌware (SOCRATES 

version 3.5.8.26 10150). The TOR registry collects Oxford, WOMAC, and VR-12 as their rouƟne standard of care 

for THA preoperaƟvely, at 1-year postoperaƟvely, at 5-year postoperaƟvely, and every 5 years thereaŌer.  The 

University of Waikato’s Human Research Ethics CommiƩee 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 prospecƟve observaƟonal data from 1 January 2003 to 30 June 2023 were retrieved in July 2023. 

Data were eligible for analysis when paƟents underwent primary THA for osteoarthriƟs and received an Exeter 

Contemporary Flanged cup with Exeter V40 stem (Stryker Orthopaedics, Mahwah, NJ) combinaƟon within the 

set observaƟonal period. PaƟent data needed to contain at least 1 of the PROMs at any of the Ɵmepoints of 

interest to meet inclusion. A pairwise deleƟon approach was implemented to handle missing PROM scores at 

any Ɵmepoint (quesƟonnaires not returned, incomplete quesƟonnaires or withdrawal from the study at that 

Ɵmepoint) so that all available data were used in staƟsƟcal analysis (Mirzaei et al., 2022) (Figure 9). 
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Figure 9 Flow chart depicƟng sample sizes, deaths and revisions of a contemporary cemented primary total hip 
arthroplasty for osteoarthriƟs at each follow-up period 

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

 PreoperaƟve PROM data was considered as scores recorded at any point preoperaƟvely; 1-year data as scores 

recorded from 10-14 months postoperaƟvely; 5-year data as scores recorded from 4-6 years postoperaƟvely; 

10-year data as scores recorded from 9-11 years postoperaƟvely; and 15-year data as scores recorded from 14-

16 years postoperaƟvely. Although 15-year data were available for some paƟents, not all measures of interest 

had observaƟons. Consequently, comparison of PROMs up to 10 years postoperaƟvely were included in 

subgroup analysis. 

4.2.3. PaƟent characterisƟcs 

The predictors extracted from the database included paƟent age, sex, BMI, ethnicity, ASA raƟng, and funding 

pathway. Age and BMI were treated as conƟnuous variables. Other predictors were treated as categorical or 

rank variables, and included sex (female, male), funding pathway (public, private), ethnicity (NZ European, 

Māori, Other), and ASA raƟng (a single ASA 4 observaƟon was recoded as ASA 3 for analysis). “Other” ethnicity 

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

4.2.4. StaƟsƟcal analysis 

Data were inspected and normality of distribuƟon verified. DescripƟve staƟsƟcs were computed for all 

variables, including counts, means, standard deviaƟons (SD), and ranges (minimum, maximum). ConƟnuous 

numeric dependent variables were compared using two-sample t-tests when normally distributed. Normal 

sampling mean distribuƟon was assumed in samples ≥30 according to central limit theorem given parametric 

tests produce more accurate and precise esƟmates with higher staƟsƟcal 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 assumpƟons being met 

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

 

MulƟple linear regression analyses were performed on preoperaƟve and postoperaƟve PROMs to determine if 

any of the predictors correlated to any of the PROMs. The Bayesian InformaƟon Criterion was used to 

determine best model fit.(Schwarz, 1978) EsƟmates and coefficients of determinaƟon (R2) were extracted from 

the regressions to quanƟfy the associaƟon between predictors and outcomes, as were standard errors to 

quanƟfy uncertainty of esƟmates. Possible predictors of preoperaƟve scores included age, ethnicity, sex, 

funding pathway, BMI, and ASA raƟng. PostoperaƟve predictors included the same factors, but also 

preoperaƟve scores as these have been idenƟfied as possible predictors of postoperaƟve scores (Golinelli et al., 

2022). Collinearity was invesƟgated with variance inflaƟon factor and condiƟon index. Significance levels were 

set to p < 0.05 and confidence intervals to 95% [lower, upper]. All staƟsƟcal tests were performed using 

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

A total of 388 THAs met inclusion for the defined period. ObservaƟons 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, respecƟvely. Of the 263 observaƟons with at least 1 PROM recorded, females 

accounted for 54.3% (n = 143), ASA 2 rated paƟents for 62% (n = 164) and NZ Europeans for 92.1% (n = 242). 

The mean age of paƟents 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 accounƟng for 4.6% (n = 18) and 205 mm at 0.7% (n = 3). 

Stem length was not recorded in 2.4% (n = 9) of observaƟons. No staƟsƟcally significant differences in mean 

age, BMI or factor proporƟons between the total sample of 388 and the evaluated 263 observaƟons were 

noted (Supplementary Table 2). Seventeen revisions during the observaƟon period were noted. 

(Supplementary Table 1). All observaƟons recorded a bearing size of 28 mm and a femoral head of chromium 

cobalt.  
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Table 14. DescripƟve staƟsƟcs of preoperaƟve paƟent characterisƟcs for observaƟons with at least one paƟent-reported outcome measure in a contemporary cemented 
primary total hip arthroplasty for osteoarthriƟs 

  Sex  Funding Pathway  Ethnicity 

Variable 
Sample n= 

263 
Male n = 

120 (45.6%) 
Female n = 143 

(54.4%)  
Public n= 87 

(33.1%) 
Private n = 176 

(66.9%)  
NZEU n = 242 

(92.1%) 
Māori n = 9 

(3.4%) 
Other n = 12 

(4.5%) 

Age † 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 
‡ 

          

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 
recorded 

4 (2%) 1 (0%) 3 (2%)  4 (3.5%) -  4 (2%) - - 

† 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. PaƟent-reported outcome measures 

DescripƟve staƟsƟcs of PROMs, including the subscales of both WOMAC and VR-12, are reported in Table 15 

for preoperaƟve, 1-, 5-, 10-, and 15-year Ɵmepoints. One-way ANOVA revealed staƟsƟcally significant 

differences in mean Oxford, WOMAC, and VR-12 scores between at least 2 Ɵmepoints. Post-hoc tesƟng 

revealed preoperaƟve PROMs were staƟsƟcally significantly different to their respecƟve 1-, 5-, 10-and 15-year 

postoperaƟve PROMs. There were no significant differences in postoperaƟve PROMs between their respecƟve 

1-, 5-, 10-, and 15-year Ɵmepoints. Mean postoperaƟve VR-12-physical scores for the sample were worse with 

scores less than the standardised T-score metric mean of 50 ± 10 SD) across Ɵmepoints. In contrast, mean 

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

 

All mean preoperaƟve PROMs were staƟsƟcally significantly poorer in females than males (p ≤ 0.041, Table 16). 

PostoperaƟvely, WOMAC-total and funcƟon scores for females were also staƟsƟcally significantly poorer 1-year 

and 5-years postoperaƟvely, as were WOMAC-moƟon and VR-12-physical scores 1-year postoperaƟvely. Males 

and females showed no staƟsƟcally significant difference in postoperaƟve Oxford, WOMAC-pain, or VR-12-

mental scores at 1-, 5-, and 10-years postoperaƟvely. Publicly funded paƟents had staƟsƟcally significantly 

poorer preoperaƟve PROMs and poorer postoperaƟve PROMs than privately funded paƟents across most 

outcomes. Mean WOMAC-pain at 10 years, VR-12-mental at 1-year, and WOMAC-moƟon at 1-, 5-, and 10-years 

postoperaƟvely were sƟll poorer in publicly funded paƟents, although not reaching staƟsƟcal significance (p ≥ 

0.053, Table 17). 

 

One-way ANOVA revealed no staƟsƟcally significant differences in any preoperaƟve PROMs, postoperaƟve 

WOMAC-pain, or postoperaƟve VR-12-mental scores at any Ɵmepoint between ASA raƟngs. However, 

postoperaƟve Oxford, WOMAC-funcƟon, WOMAC-moƟon, and VR-12-physical scores were typically poorer 

with higher ASA raƟngs at various Ɵmepoints. There were no staƟsƟcally significant differences in any 

outcomes between ethniciƟes. 
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Table 15. DescripƟve staƟsƟcs of paƟent-reported outcomes in a contemporary cemented primary total hip 
arthroplasty for osteoarthriƟs 

PROM 
Sample 

Mean ± SD 
Range ANOVA  

diff [95% CI] 
Post hoc 

(n) (min, max) (p-value) (p-value) ¶ 
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* 
5-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* 
5-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 4.76 ± 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 (x̅ = 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 (x̅ = 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* 
5-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. 

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

§ VR- 12 ideal score is ≥50 and acceptable is within 1 standard deviation either side. 

¶ Post hoc p-value represents the pairwise comparison of the previous timepoint to the current timepoint 
Abbreviations: CI, 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 paƟent-reported outcomes in a contemporary cemented primary total hip 
arthroplasty for osteoarthriƟs 

PROM 
Male Female  

n Mean ± SD  n  Mean ± SD diff [95% CI] 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 4.99 ± 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 (x̅ = 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 44.97 ± 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 (x̅ = 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. 
‡ WOMAC minimum scores are 0 with 0 being the better score. 
§ VR- 12 ideal score is ≥50 and acceptable is within 1 standard deviation either side. 
Abbreviations: CI, 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 paƟent-reported outcomes in a contemporary cemented primary total hip 
arthroplasty for osteoarthriƟs 

PROM Public Private  
n Mean ± SD  n Mean ± SD diff [95% CI] 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 3.41 ± 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 (x̅ = 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 (x̅ = 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 ≥50 and acceptable is within 1 standard deviation either side. 
Abbreviations: CI, 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: PreoperaƟve paƟent-reported outcome measures  

No staƟsƟcally significant collinearity between predictors was idenƟfied. Regression analysis indicated 

preoperaƟve Oxford and WOMAC scores were negaƟvely influenced when funding pathway was public, 

paƟents were females, and BMI was greater (Table 18). PreoperaƟve scores for VR-12 were also negaƟvely 

influenced when funding pathway was public, and paƟents were females. 
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Table 18. MulƟple linear regression results for preoperaƟve paƟent-reported outcomes in a contemporary 
cemented primary total hip arthroplasty for osteoarthriƟs 

PROMs n Model p-value R2 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: PostoperaƟve paƟent-reported outcome measures 

As ANOVA tesƟng of PROMs revealed no staƟsƟcally significant difference in scores from 1-year to 15-year 

postoperaƟvely, 1-year scores were used as the main outcome in regression analysis given the greater number 

of observaƟons. As sex, funding pathway, and BMI were significant predictors of preoperaƟve scores, they were 

removed as postoperaƟve predictors. Therefore, regression models considered preoperaƟve score, age, 

ethnicity, and ASA raƟng. PreoperaƟve score was a staƟsƟcally significant predictor of postoperaƟve score for 

all PROMs (Table 19). Increased age and ASA 3 category were addiƟonal staƟsƟcally significant predictors of 

poorer postoperaƟve WOMAC-funcƟon and VR-12-physical scores. 
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Table 19. MulƟple linear regression results for postoperaƟve paƟent-reported outcomes in a contemporary 
cemented primary total hip arthroplasty for osteoarthriƟs 

PROM n Model p-value R² 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 combinaƟon for 

osteoarthriƟs improves PROMs in paƟents at 1-year postoperaƟvely and that improvement is maintained in 

those without revision to 15 years post-surgery. PaƟents who were female, in the public system, and who had 

greater BMIs presented with poorer preoperaƟve PROMs. Poorer preoperaƟve PROMs negaƟvely influenced 

postoperaƟve scores across Ɵmepoints. For some outcomes, postoperaƟve PROMs were negaƟvely affected by 

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

 

The substanƟal improvement in PROMs seen post-surgery up to 15 years with this cemented cup-and-stem 

combinaƟon sets a benchmark against which PROMs from other cemented or alternaƟve implant combinaƟons 

in the same or similar populaƟons can be measured. Mean 1-, 5-, and 10-year Oxford scores were over 41, 

corresponding to a Kalairajah category 1 (excellent) raƟng (Kalairajah et al., 2005). Mean 15-year Oxford scores 

were 39.44, corresponding to a category 2 (very good) raƟng (Kalairajah et al., 2005). Poor 6-month Oxford 
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scores have been idenƟfied as a risk factor for early revision within 2 years (Rothwell et al., 2010); thus, the 

implant combinaƟon’s Oxford score suggests low early-revision risk, which needs confirmaƟon via survivorship 

analysis. The mean difference in pre- and postoperaƟve Oxford scores (>23) is substanƟally higher for this 

implant than the esƟmated minimally important change value of 11 (Beard et al., 2015), suggesƟve of 

meaningful improvements for paƟents. 

 

PreoperaƟve PROMs significantly influenced postoperaƟve PROMs, consistent with previous studies (Appiah et 

al., 2023; Orr et al., 2022). Poor preoperaƟve scores across mulƟple PROMs increase likelihood of paƟent 

dissaƟsfacƟon postoperaƟvely.(Orr et al., 2022) The regression models revealed paƟents who are female, in the 

public system, and have higher BMIs were associated with poorer preoperaƟve funcƟonal and mental scores, 

which may predispose them to postoperaƟve dissaƟsfacƟon. Studies show that females are more likely 

opposed to surgery due to compeƟng responsibiliƟes, need more informaƟon before deciding, and are less 

likely to be sent to a specialist; therefore, females drop to a lower preoperaƟve funcƟonal level than males 

(Jüni et al., 2010). These observaƟons align with these findings, wherein females’ preoperaƟve scores were 

lower than males. Alongside poorer funcƟonal and mental preoperaƟve scores, females also tend to have 

higher rates of depression, lower back pain, and comorbidiƟes than males (Clement et al., 2020). In the TOR 

registry, there was a greater number of females undergoing surgery than males, consistent with naƟonal 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 BMIs, and need 

preoperaƟve support than males (Patel et al., 2020). In a Korean study of over 1.15 million females, 

reproducƟve factors (e.g., later onset of menarche, longer Ɵme breasƞeeding, hormone replacement 

treatment, and oral contracepƟve use) were associated with higher risk for severe osteoarthriƟs and need for 

THA (Eun et al., 2022). Further invesƟgaƟon into sex differences in THA is required to improve paƟent care, 

parƟcularly of females, and may need to be considered in future risk-straƟficaƟon models (Patel et al., 2020), 

which should include more detailed reproducƟve history notetaking. Sex disparity in referral for surgery also 

warrants consideraƟon. 

 

Consistent with this study’s observaƟons, Greene et al. (2021) idenƟfied that paƟents using public funding 

pathways for THA report poorer preoperaƟve and postoperaƟve PROMs than those using private funding. 

Poorer public outcomes are oŌen aƩributed to longer wait Ɵmes; however, literature indicates the effect of 

increased waiƟng Ɵme 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 comorbidiƟes) impact postoperaƟve outcomes 

to a greater extent (Seddigh et al., 2021). Higher BMI has also been idenƟfied as a risk factor for increased 

complicaƟons and poorer postoperaƟve THA outcomes (Onggo et al., 2020). Taken together, these findings 

support exisƟng literature that women, public paƟents, paƟents with higher BMI, older paƟents, and paƟents 

with comorbidiƟes (i.e., higher ASA raƟngs) are at greater risk of poorer postoperaƟve THA outcomes and 

require greater preoperaƟve and postoperaƟve support. Specifically, these paƟents may benefit from 

addiƟonal mental and funcƟonal prehabilitaƟon and rehabilitaƟon support. It is worth noƟng, however, that 
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the difference between PROM scores of public and private paƟents (Table 17) were highest pre-operaƟvely 

than post-operaƟvely, suggesƟng greater improvements in baseline scores for public, despite not reaching the 

same level of funcƟon as private. Furthermore, recording comorbidiƟes in more detail than relying on ASA 

raƟngs within registry data may also help discern more specifically those condiƟons that may increase risk of 

poor THA outcomes. 

 

Although preoperaƟve PROMs, ASA raƟng, and age were idenƟfied as significant predictors of postoperaƟve 

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 variaƟon in postoperaƟve scores within this populaƟon. One such 

factor may be smoking status. Yue et al. (2022) idenƟfied 4 studies where smoking negaƟvely affected 

postoperaƟve THA PROMs between 6 months and 1 year. Smokers are reported to exhibit lower postoperaƟve 

Oxford (Matharu et al., 2019) and Harris hip (Khan et al., 2009) scores and an increased use of painkillers and 

anƟ-inflammatories (Matharu et al., 2019) than non-smokers and ex-smokers. In smokers, PROMs were more 

likely to stagnate iniƟally, and decline over Ɵme (Hesseling et al., 2019). It may be beneficial to record smoking 

status in future THA studies and registries. 

 

Few THA paƟents in the TOR registry were Māori (4%), with a lower representaƟon than the NZJR at 7% (McKie 

et al., 2024). Considering Māori make up 29% of the Bay of Plenty region, 17% of the NZ populaƟon, and 16% 

of Māori are over 55 years, uptake of surgery by Māori is relaƟvely poor (Māori PopulaƟon esƟmates: At 30 

June 2022). Bourke et al. (2023) idenƟfied compeƟng responsibiliƟes (prioriƟsing work and family), disrupted 

mana2 (feeling disempowered), and systemic abdicaƟon (inconsistent informaƟon/diagnosis) as contribuƟng 

factors to healthcare accessibility for Māori, which may explain their under-representaƟon as THA paƟents. 

Social deprivaƟon and socioeconomic inequiƟes are potenƟal sources of health inequity for Māori (Loring, 

2022), which can extend to THA. Low numbers of Māori and “Other” paƟents made it challenging to discern 

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

4.5. Conclusion 

The cemented combinaƟon studied demonstrated excellent PROMs out to 15 years with the associaƟon of 

poorer preoperaƟve PROMs in THAs that were publicly funded, in females and those with higher BMIs, and 

associaƟon of poorer preoperaƟve PROMs, older age and ASA 3 raƟng variables to poorer postoperaƟve 

PROMs. PaƟents with poorer preoperaƟve PROMs may require addiƟonal preoperaƟve support to improve 

their postoperaƟve outcomes, encompassing both funcƟonal and mental strategies. These paƟents, as well as 

those who are older and present with higher ASA raƟngs, may require addiƟonal postoperaƟve support. These 

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

 
2 Mana- Power, authority, or presƟge; spec. (in Polynesian and Melanesian religions) an impersonal supernatural power which can be 
associated with people or with objects and which can be transmiƩed or inherited. Press, O. U. (2023). Oxford English DicƟonary. 
Oxford University Press. hƩps://www.oed.com/dicƟonary/mana . 
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4.6. LimitaƟons 

ObservaƟonal studies are limited in their ability to define causaƟon; however, they can idenƟfy associaƟons 

between risk factors and a response variable. AddiƟonal variables, such as smoking status, physical acƟvity, 

analgesic and anƟ-inflammatory use, rehabilitaƟon programmes, and specific comorbidiƟes were not 

documented in the registry and therefore not analysed. Older age was idenƟfied as a predictor of poorer 

health scores. However, health scores also tend to deteriorate over Ɵme 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, 

generalisaƟon of these findings is not ensured to regions where the proporƟon of publicly funded surgeries is 

greater. Further, PROMs recorded by paƟents are subjecƟve, suscepƟble to bias, and dependent on accurate 

recall. 
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Chapter 5. Ten-year paƟent-reported outcome measure comparison 

of two cemented primary total hip arthroplasty implant 

combinaƟons for osteoarthriƟs: A regional New Zealand study. 

Prelude: The preceding chapter demonstrated that the earlier generaƟon ECF paired with the Exeter V40 stem 

was associated with sustained PROMs up to 15 years following primary THA for OA. The analysis also idenƟfied 

specific paƟent and resource factors associated with poorer PROMs, including lower preoperaƟve scores 

among publicly funded paƟents, females, and those with higher body mass index, as well as poorer 

postoperaƟve outcomes among paƟents with worse preoperaƟve status, higher ASA class, and older age. These 

findings highlighted that PROMs are influenced by paƟent characterisƟcs and healthcare context which needs 

consideraƟon when comparing implant outcomes. Given that the ECF has been superseded in clinical pracƟce 

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 generaƟon 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, incorporaƟng paƟent 

characterisƟcs as well as funding resource type, to ensure that observed differences in outcomes were 

appropriately contextualised. This sequenƟal approach provided confidence that the cemented construct used 

in later hybrid–cemented comparisons was associated with both stable implant survival and durable paƟent-

reported outcomes across paƟent subgroups. 
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5.1. IntroducƟon 

Total hip arthroplasty (THA) is widely performed, highly successful, and significantly improves quality of life in 

paƟents with advanced hip osteoarthriƟs (Evans et al., 2019). While literature has tradiƟonally focused on 

implant survival and radiographic outcomes (Pearce, Butcher, et al., 2025), there is a growing emphasis on 

paƟent-reported outcome measures (PROMs) as criƟcal success indicators of hip arthroplasty (Quiceno et al., 

2024; Yamate et al., 2023). When new or upgraded implants are introduced, they are oŌen 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 paƟent reported clinical benefit over Ɵme, despite survival 

outcomes. 

 

The Exeter® Contemporary Flanged cup (ECF) was the most popular cemented cup in NZ unƟl the introducƟon 

of the Exeter® X3 Rimfit cup (Rimfit) in 2010, which was intended to improve wear (Langlois & Hamadouche, 

2023) with the introducƟon 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, exhibiƟng 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 NZJR study in elderly paƟents (Boyle et al., 2023).  

 

The previous study (Chapter 4) idenƟfied 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 idenƟfied. No difference in short- and medium-term PROMs was noted, and no 

predictors of outcomes were invesƟgated (vanWinterswijk et al., 2017). To address this long-term PROMs gap, 

PROMs up to 10 years between the implants were compared using a relaƟvely large NZJR dataset (n = 1339) 

and invesƟgated the influence of six paƟent characterisƟcs on PROM outcomes. 

5.2. Methods 

5.2.1. Data source and collecƟon 

Ethical approval for this study was obtained from The University of Waikato Human Research Ethics CommiƩee 

(HREC2023#12). ObservaƟonal, anonymised, prospecƟvely collected PROM data of all cemented primary THAs 

for osteoarthriƟs 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 organisaƟon that maintains a registry of all Bay of Plenty joint 

arthroplasty surgeries separate from the NZJR. With consent, paƟent data are entered into SOCRATES soŌware 

(version 3.5.8.26 10150). The OHS, Western Ontario and McMaster UniversiƟes OsteoarthriƟs Index (WOMAC), 
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and Veterans RAND 12-Item Health Survey (VR-12) physical and mental scores are rouƟnely collected 

preoperaƟvely and at 1-year, 5-year, and every 5 years thereaŌer. The University of Waikato’s Human Research 

Ethics CommiƩee (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 

biostaƟsƟcs. ObservaƟons were eligible for analysis when at least one PROM was recorded for paƟents who 

underwent a primary THA for osteoarthriƟs 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 convenƟonal polyethylene. Follow-up windows were necessarily broad due to the registry-based 

nature of PROM collecƟon; however, given the stability of PROMs beyond 12 months following THA, variaƟon 

in response Ɵming within each window is unlikely to have materially influenced outcomes. This study was 

reported following the Strengthening the ReporƟng of ObservaƟonal Studies (STROBE) guidelines (von Elm et 

al., 2007). 

5.2.2. PaƟent-reported outcome measures 

PreoperaƟve PROM data comprised scores recorded prior to surgery. Follow-up data were defined as: 1-year 

(10-14 months postoperaƟvely), 5-year (4-6 years postoperaƟvely), and 10-year (9-11 years postoperaƟvely). To 

aid interpretaƟon of differences between implant cohorts and paƟent subgroups (sex, age, body mass index 

[BMI], American Society of Anesthesiologists [ASA] physical status classificaƟon, funding, and ethnicity),  

minimal clinically important difference (MCID) thresholds derived from distribuƟon-based esƟmates were 

applied (Molino et al., 2022) using the preoperaƟve scores from each cohort. Although anchor-based MCIDs for 

OHS and WOMAC have been published, MCID values are known to be populaƟon and context dependent. 

Given differences in populaƟon characterisƟcs, health system structure, and baseline PROM distribuƟons, 

externally derived MCIDs may not be directly applicable to the NZ arthroplasty populaƟon. In addiƟon, anchor-

based methods oŌen rely on paƟent saƟsfacƟon measures not available in registry data. Therefore, a 

distribuƟon-based approach was used (0.5 SD of baseline scores) to derive internally consistent MCID 

thresholds relevant to the study populaƟon. While MCID is primarily designed to assess within-paƟent changes 

over Ɵme (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 paƟents 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. PaƟent characterisƟcs 

PaƟent characterisƟcs included sex (male, female), ethnicity (NZ European, Māori, Other), ASA raƟng (1, 2, 3, 

4), and funding source (public, private) treated as categorical or rank variables, with age and BMI treated as 

conƟnuous variables. “Other” ethnicity represented a small, heterogeneous subgroup (n=5) and was thus 

removed from further analysis. The small number of ASA 4 observaƟons (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 mulƟdimensional nature of socioeconomic 

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

5.2.4. StaƟsƟcal analysis 

Baseline categorical (sex, ethnicity, ASA, funding) and mean conƟnuous (age, BMI) paƟent characterisƟcs; and 

preoperaƟve, 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 deleƟon, meaning that all available 

observaƟons were used for each analysis without requiring complete data across all variables. Missing data 

may be due to incomplete quesƟonnaires, non-returned quesƟonnaires, or study withdrawal. Because implant 

use was strongly structured by calendar Ɵme, with the early generaƟon implant predominantly used between 

2003–2013 and the modern implant between 2010–2023, the two cohorts were not exchangeable in Ɵme. As a 

result, implant group was highly correlated with era-related factors including paƟent selecƟon, perioperaƟve 

care, rehabilitaƟon pathways, registry completeness, and PROM collecƟon pracƟces. To avoid conflaƟng 

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 

prognosƟc factors in the clinical context in which each implant was used. Categorical variable proporƟons 

between implants were compared using Chi-squared and Fisher’s exact tests. Mean age, BMI, and 

preoperaƟve, 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 paƟents had both preoperaƟve 

and postoperaƟve scores available, comparisons between preoperaƟve and postoperaƟve means were 

conducted using independent samples t-tests rather than paired analyses. Mean preoperaƟve, 1-year, 5-year, 

and 10-year PROMs within each cohort were compared using ANOVA and post-hoc Tukey. PostoperaƟve 

observaƟons with OHS <27 categorised as “poor” (Kalairajah et al., 2005) were extracted to invesƟgate disƟnct 

paƟent characterisƟcs. 

 

To determine influenƟal paƟent characterisƟcs on preoperaƟve and postoperaƟve PROMs in each cohort, 

mulƟple linear regression with post-hoc residual analysis, influence staƟsƟcs, variance inflaƟon factor, and 

Durbin-Watson was performed. PreoperaƟve scores were included as predictors of postoperaƟve scores and 

thus significant predictors of preoperaƟve scores were removed from postoperaƟve analysis to prevent 

confounding. StaƟsƟcal significance was set at p < 0.05 with 95% confidence intervals (CI) derived for all 

tesƟng. 

5.3. Results 

A total of 1630 (Rimfit n = 1,267; ECF n = 363) primary THAs met the inclusion criteria. Of these, 1365 paƟents 

(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 compleƟon and missing covariate data, the number of paƟents included 

differed between analyses and Ɵme points; the sample size for each analysis is reported in the corresponding 

tables. AssumpƟons of mulƟple linear regression were checked and met. Normality was evaluated visually 
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using Q-Q plots of residuals. IniƟal models using untransformed outcome data in the Rimfit cohort’s 

postoperaƟve OHS and WOMAC PROMs showed deviaƟons from normality in the residuals. However, the 

analysis was not intended for predicƟon, but rather to examine associaƟons between paƟent variables and 

PROMs. Results are considered robust despite this noted departure from normality. The large sample size 

improves the precision of the esƟmates and staƟsƟcal power but does not eliminate the potenƟal for residual 

confounding or other sources of bias inherent in observaƟonal registry data.  

 

There was a significantly higher proporƟon of ASA 2 (p = 0.004), ASA3 (p = 0.007), and publicly funded paƟents 

(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 raƟng) was noted, except for 

where the ECF mean BMI was staƟsƟcally higher in ASA 3 paƟents (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 observaƟons and 95% of Rimfit observaƟons, 

the remaining being ceramic. 

 

Table 20. PaƟent characterisƟc comparison between contemporary and modern cemented implant in primary 
total hip arthroplasty for osteoarthriƟs 

  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 (%) ‡     

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 (%) ‡     
Public 588 (43.17%) 501 (45.59%) 87 (33.08%) <0.001* 

Private 774 (57.63%) 598 (54.41%) 176 (66.92%) <0.001* 
Missing 3 3 - - 

Ethnicity, n (%) ‡     
NZEU 1258 (94.80%) 1016 (94.43%) 242 (92.02%) 0.102 
Māori 64 (4.82%) 55 (5.11%) 9 (3.42%) 0.315 
Other 5 (0.38%) 5 (0.46%) 0 0.180 

Missing 26 26 0 - 
AbbreviaƟons: 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 deviaƟon 
‡ Values represent the number and percentage of males and females, ASA 1, 2, 3 & 4, public and private funding, and NZ European, Māori 
and other ethnicity within each cohort. 
* Significance set at p<0.05 
Missing values have not been included in proporƟon calculaƟons 

 

5.3.1. PaƟent-reported outcome measures 

PROM comparisons between implants can be found in Table 21. No significant difference in mean preoperaƟve, 

1-year, 5-year, or 10-year OHS, WOMAC, or VR-12 physical funcƟon scores between implants was noted. VR-12 

mental scores were significantly higher preoperaƟvely (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 staƟsƟcally significant differences in mean PROMs 

within implant cohorts at 1, 5, or 10 years, supporƟng 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 postoperaƟve score for further comparisons due to its substanƟal sample size. 

5.3.2. Poor postoperaƟve paƟent-reported outcome measures 

There were 67 paƟents with poor postoperaƟve 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 paƟent characterisƟc proporƟons of poor 

postoperaƟve scores, mean age (ECF 74.9±10.1; Rimfit 71.6 ± 8.3 years, p = 0.566) or BMI (ECF 26.6 ±3.6 kg/m2; 

Rimfit 29.3± 4.7 kg/m2, p = 0.106), ethnic groups (p = 0.580), ASA raƟngs (p = 0.217), or funding (p = 0.684) 

between the cohorts. The small number of observaƟons in the ECF cohort made it challenging to analyse in 

further detail (Supplementary Table 3).  
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Table 21. Comparison of preoperaƟve and postoperaƟve paƟent-outcome measures between contemporary and modern cemented implant in primary total hip arthroplasty 
for osteoarthriƟs 

 Rimfit  ECF  

PROM n Mean SD Diff [95% CI] † MCID ‡  n Mean SD Diff [95% CI] † MCID ‡ p-value ¶ 

Oxford (0-48)             
Preop 837 18.23 ±8.96  4.48  263 17.75 ±8.73  4.37 0.446 

Postop 1-year 842 41.29 ±7.42 23.06 [22.25, 23.82]   238 41.30 ±7.06 22.43 [21.06, 23.81]  0.985 

Postop 5-year 490 42.88 ±6.85    180 41.62 ±8.46   0.074 

Postop 10-year 124 41.64 ±8.67    139 41.30 ±9.58   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 12.36 ±12.68 40.40 [37.65, 43.15]  0.069 

Postop 5-year 483 12.41 ±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 (x̄ = 50)             
Preop 836 27.61 ±8.21  4.11  263 26.52 ±8.22  4.11 0.058 

Postop 1-year 840 44.01 ±10.57 17.05 [16.12, 17.97]   240 43.36 ±10.98 16.37 [14.88, 17.87]  0.405 

Postop 5-year 487 44.43 ±10.37    183 43.55 ±11.76   0.280 

Postop 10-year 125 42.23 ±11.34    138 43.51 ±10.49   0.344 

VR-12 mental (x̄ = 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 51.91 ±9.41 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 
AbbreviaƟons: CI, confidence interval; ECF, Exeter Contemporary Flanged cup; MCID, Minimal clinically important difference (distribuƟon-based); Preop, preoperaƟve; Rimfit, Exeter X3 Rimfit cup; SD, standard deviaƟon; VR-12, Veterans Rand 
12-item health survey; WOMAC, Western Ontario and McMaster UniversiƟes Index. 
† Difference calculated between the mean preoperaƟve score and the mean 1-year postoperaƟve score 
‡ MCID calculated using the distribuƟon method of 0.5 x SD of the preoperaƟve score 
¶ p-value represents the comparison of the Rimfit score to the ECF score for that period. 
* Significance level set at p < 0.05 
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5.3.3. Linear regression: PreoperaƟve paƟent-reported outcomes 

Detailed preoperaƟve 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 paƟents 

reported substanƟally worse preoperaƟve scores than privately funded paƟents, 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 distribuƟon-based MCID across all PROMs. Sex was also a significant predictor, 

with males scoring ~2-3 points beƩer in OHS and VR-12 mental and physical, and ~4-8 points beƩer on 

WOMAC compared to females. BMI showed a small staƟsƟcally significant effect on preoperaƟve scores (OHS ≈ 

-0.25; WOMAC ≈ 0.5-0.9) per 1 BMI unit increase, in both cohorts. In the Rimfit, other significant preoperaƟve 

predictors included higher ASA raƟngs (i.e., higher comorbidity burden) associated with ~2-8 worse WOMAC 

and ~3-6 worse VR-12 physical and mental scores, and Māori ethnicity associated with ~6 points lower 

preoperaƟve VR-12 mental scores compared with NZ Europeans. 

 

5.3.4. Linear regression: PostoperaƟve paƟent-reported outcomes 

Linear regression for postoperaƟve PROMS (Table 24 and Table 25) was performed using the 1-year 

postoperaƟve scores for regression due to its larger sample size and lack of significant difference between 1-

year, 5-year, and 10- year postoperaƟve scores. PreoperaƟve PROMs consistently exhibited the largest 

predicƟve contribuƟon to postoperaƟve scores across PROMs in both cohorts, with each 1-point worse 

preoperaƟve score associated with a 0.18-0.53-point worse postoperaƟve score depending on the PROM and 

implant type. In the Rimfit cohort, age at surgery was an addiƟonal significant predictor of poorer 

postoperaƟve 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 Māori paƟents having significantly worse postoperaƟve 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 postoperaƟve VR-12 mental scores, with higher BMI associated with 

poorer postoperaƟve outcomes. In the ECF cohort, age at surgery predicted worse postoperaƟve VR-12 

physical scores (≈ -0.40 per year). ASA 3 was also associated with worse postoperaƟve WOMAC (7.7 points) and 

VR-12 physical (5.6 points) scores compared to ASA 1. The R² values (0.08-0.34) from the regression analyses 

indicate that the included predictors explain only a modest proporƟon of outcome variance. 
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Table 22. Exeter X3 Rimfit mulƟple linear regression results for preoperaƟve paƟent-reported outcomes in primary total hip arthroplasty for osteoarthriƟs 

Exeter X3 Rimfit 

Predictor 
Sample 

(n) R² 
F-

staƟsƟc DF 
EsƟmate 

(β) 
STD 
Error t-value p-value InterpretaƟon 

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 I 

BMI     -0.27 0.06 -4.73 <0.001* ↑ BMI → ↓ Oxford score 
Sex (Male)     1.98 0.57 3.53 <0.001* Males score ~ 2 points beƩer than females 

Funding (Public)     -8.25 0.58 -14.28 <0.001* Public paƟents 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* ↑ BMI → ↑ (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 paƟents 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 (x̄ =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* ↑ BMI → ↓ physical HRQOL 
Sex (Male)     2.05 0.56 3.64 <0.001* Males score 2 points beƩer 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 (x̄ = 50) 824 0.15 29.16 5, 819    <0.001*  
(intercept)     52.28 1.11 47.00 <0.001* Baseline: Female, private funding, non-Māori, ASA (1) 
Sex (Male)     2.79 0.86 3.25 0.001* Males score ~ 3 points beƩer 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 (Māori)     -6.25 1.82 -3.44 <0.001* Māori score ~ 6 points worse mental HRQOL 
AbbreviaƟons: ASA, American Society of Anesthesiologists physical status classificaƟon; BMI, body mass index; DF, degrees of freedom; F-Stat, F-staƟsƟc; HRQOL, health related quality of life; Preop, preoperaƟve; STD, standard; WOMAC, Western Ontario and 
McMaster UniversiƟes; ArthriƟs Index; VR-12, Veterans Rand 12-item health survey. 
* Significance set at p < 0.05 
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Table 23. Exeter Contemporary Flanged mulƟple linear regression results for preoperaƟve paƟent-reported outcomes in primary total hip arthroplasty for osteoarthriƟs 

Exeter Contemporary Flanged cup 

Predictor 
Sample 

(n) R² 
F-

StaƟsƟc DF 
EsƟmate 

(β) 
STD 
Error t-value p-value InterpretaƟon 

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* ↑ BMI → ↓ Oxford score 
Sex (Men)     3.20 0.98 3.28 0.001* Males score ~ 3 points beƩer than females 

Funding (Public)     -10.46 1.10 -9.56 <0.001* Public paƟents 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* ↑ BMI → ↑ (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 paƟents score ~ 23 points worse than private 

VR12 physical preop (x̄ = 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 beƩer physical HRQOL than female 

VR12 mental preop (x̄ = 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 beƩer mental HRQOL 

Funding (Public)     -14.48 1.79 -8.09 <0.001* Public funding linked to ~14 points poorer mental HRQOL 
AbbreviaƟons: ASA, American Society of Anesthesiologists physical status classificaƟon; BMI, body mass index; DF, degrees of freedom; F-Stat, F-staƟsƟc; HRQOL, health related quality of life; Preop, preoperaƟve; STD, standard; WOMAC, Western Ontario and 
McMaster UniversiƟes; ArthriƟs Index; VR-12, Veterans Rand 12-item health survey. 
* Significance set at p < 0.05 
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Table 24. Exeter X3 Rimfit mulƟple linear regression results for postoperaƟve paƟent reported outcomes in primary total hip arthroplasty for osteoarthriƟs 

Exeter X3 Rimfit cup 

Predictor 
Sample 

(n) R² 
F 

staƟsƟc DF 
EsƟmate 

(β) 
STD 

Error 
 t-

value p-value InterpretaƟon 

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* ↑ preop score → higher postop Oxford → beƩer postop outcome 
Age at surgery     -0.093 0.035 -2.63 0.009* ↑ age → lower postop Oxford → worse postop outcome 

Ethnicity (Māori)     -4.925 1.441 -3.42 <0.001* NZ Māori 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* ↑ Preop WOMAC → ↑ postop WOMAC → worse postop outcome 
Age at surgery     0.24 0.07 3.52 <0.001* Each 1 year ↑ is a 0.24 ↑ postop WOMAC → worse postop outcome 

Ethnicity (Māori)     5.83 2.69 2.17 0.031* NZ Māori score ~ 6 points higher → worse postop outcome 
VR-12 physical postop (x̄ = 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 → ↑ postop VR12 Physical→ beƩer postop outcome 

Age at surgery     -0.27 0.05 -5.65 < 0.001 * Each 1-year ↑ is a 0.27 ↓ in postop → worse postop outcome 
Ethnicity (Māori)     –7.56 1.88 -4.03 < 0.001 * Māori associated with ~8 point lower postop → worse postop outcome 

VR-12 mental postop (x̄ = 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 ↑ preop → 0.26-point ↑ postop → beƩer postop outcome 
BMI     -0.19 0.08 -2.48 0.014* ↓ BMI → 0.19 point ↑ postop → beƩer postop outcome 

AbbreviaƟons: ASA, American Society of Anesthesiologists physical status classificaƟon; DF, Degrees of freedom; F-Stat, F-staƟsƟc; Preop, preoperaƟve; Postop, postoperaƟve; PROMs, PaƟent reported outcome measures; STD, Standard; WOMAC, Western Ontario and 
McMaster UniversiƟes ArthriƟs 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 mulƟple linear regression results for postoperaƟve paƟent reported outcomes in primary total hip arthroplasty for osteoarthriƟs 

Exeter Contemporary Flanged 

Predictor 
Sample 

(n) R² 
F 

staƟsƟc DF EsƟmate 
STD 

Error t-value p-value InterpretaƟon 
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 ↑ preop → 0.22-point ↑ postop → beƩer 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 ↑ preop → 0.22-point ↑ 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 (x̄ = 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* ↑ preop physical scores ↑ postop → beƩer postop outcome 
Age at surgery     -0.40 0.09 -4.31 <0.001* Each year ↑ 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 (x̄ = 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 beƩer postop mental scores. 
AbbreviaƟons: ASA, American Society of Anesthesiologists physical status classificaƟon; DF, Degrees of freedom; F-Stat, F-staƟsƟc; Preop, preoperaƟve; Postop, postoperaƟve; PROMs, PaƟent reported outcome measures; STD, Standard; WOMAC, Western Ontario and 
McMaster UniversiƟes ArthriƟs Index; VR- 12, Veterans Rand 12-item health survey.  
* Significance is set at p < 0.05 
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5.4. Discussion 

A strength of this study is the consistency in key operaƟve factors minimising variaƟon 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. PreoperaƟve paƟent-reported outcome measures  

This study addresses an important evidence gap by evaluaƟng the Rimfit 10-year suitability as a replacement 

for the ECF cemented cup. DistribuƟon-based MCID esƟmates 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 substanƟal and staƟsƟcally significant improvements 

from preoperaƟve to postoperaƟve PROMs, far exceeding MCID thresholds of ~4.5, ~9, and ~6 respecƟvely in 

both cohorts. Previous research by Yeo et al. (2020) indicated improved physical funcƟon aŌer 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, respecƟvely.  

5.4.2. PostoperaƟve paƟent-reported outcome measures 

No staƟsƟcally significant differences between 1-year, 5-year, and 10-year mean physical postoperaƟve scores 

within each cohort were noted. All mean postoperaƟve OHS scores exceeded the excellent threshold score of 

41 (Kalairajah et al., 2005). These findings indicate posiƟve 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 beƩer 

preoperaƟve mental health scores in the Rimfit cohort strongly suggest baseline differences in psychological 

wellbeing between groups that cannot be aƩributable to implant characterisƟcs. The persistence of higher 

mental health scores at 1 and 5 years postoperaƟvely is therefore most plausibly explained by the strong 

influence of preoperaƟve outcomes on postoperaƟve outcomes, rather than an effect of the implant itself 

(Aspari & Lakshman, 2018). The absence of differences at 10 years further supports this interpretaƟon, 

suggesƟng that early postoperaƟve dispariƟes reflect baseline psychological profiles and early recovery 

trajectories, which converge over Ɵme as longer-term mental wellbeing becomes increasingly influenced by 

aging and broader psychosocial factors (O'Connor et al., 2022). Registry-based literature cauƟons that 

comorbidity prevalence and paƟent health status oŌen change over Ɵme, demonstrated by an increase in 

comorbidity rates and rising prevalence of specific condiƟons (e.g., diabetes and renal disease) over recent 

decades in THA populaƟons (Penfold et al., 2022). The higher proporƟon of ASA 3 paƟents within the Rimfit 

cohort aligns with documented temporal trends in arthroplasty populaƟons (Reisinger et al., 2025), with the 

comorbidity differences between the cohorts likely reflecƟng evolving paƟent health profiles (Penfold et al., 

2022; Reisinger et al., 2025). The relaƟvely small sample of poor OHS scores (<27) invesƟgated revealed no 
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difference between the cohorts other than the increased proporƟon of ASA 2 in the Rimfit cohort, reaffirming 

no stark differences between cohorts other than comorbidiƟes. 

5.4.3. Linear regression preoperaƟve paƟent-reported outcome measures 

Funding source, as well as female sex and BMI, appear to consistently impact preoperaƟve outcomes. Publicly 

funded paƟents showed worse preoperaƟve scores, likely due to longer wait Ɵmes (Karayiannis et al., 2023), 

limited supporƟve care, higher comorbidiƟes, barriers to health literacy, unemployment (Hoelen et al., 2023), 

and systemic inequiƟes that result in paƟents needing greater disease severity to become eligible for surgery 

(Alvarez et al., 2022b). Female sex has frequently been associated with poorer pre- and postoperaƟve PROMs 

in THA. Females tend to present for surgery with greater pain, funcƟonal limitaƟons, and comorbidity burden 

(Zhang et al., 2023), which may partly reflect differences in pain percepƟons, bone morphology, and delayed 

access to surgery (Jüni 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 straƟficaƟon models(Patel et al., 2020) with female-specific 

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

 

Body mass index as a predictor of poorer preoperaƟve PROMs in both cohorts, and higher ASA raƟngs in the 

Rimfit cohort, also suggests that comorbidity burden may significantly impact recovery trajectories, aligning 

with findings that a higher number of comorbidiƟes introduces a higher risk of postoperaƟve complicaƟons. 

Several studies (Jämsen et al., 2013; Podmore et al., 2018; Reisinger et al., 2025) highlighted the value of 

documenƟng comorbidiƟes 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 condiƟons 

influence recovery differently, and Jämsen et al (2013) found that implant survival hazard raƟos are affected by 

cardiac, endocrine, oncologic, and mental health condiƟons in both univariate and mulƟvariate 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 comorbidiƟes may predict the poorest 

outcomes. 

PreoperaƟvely, Māori presented significant and clinically meaningful poorer preoperaƟve VR-12 mental sores, 

indicaƟng ethnic disparity in health outcomes even before surgery. Such dispariƟes could be related to 

psychosocial, cultural, and systemic factors (Loring, 2022). Results must be interpreted with cauƟon, however, 

given the limited number of NZ Māori in the ECF group (n=9), restricƟng the ability to robustly analyse 

preoperaƟve PROMs. 

5.4.4. Linear regression postoperaƟve paƟent-reported outcome measures 

In both cohorts, preoperaƟve PROMs consistently demonstrated the largest predicƟve contribuƟon to 

postoperaƟve outcomes, consistent with previous studies (Appiah et al., 2023; Orr et al., 2022; Pearce, Joshi, et 

al., 2025b). Outside of preoperaƟve scores, age at surgery influenced both cohorts while NZ Māori ethnicity 

predicted poorer physical postoperaƟve outcomes in the Rimfit cohort, and ASA 3 comorbidity status in the ECF 
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cohort. The limited number of Māori in this study hinders the robustness of analyses, limits regression 

modelling, and precludes assessment of ethnicity as a true, independent predictor, highlighƟng Māori 

underrepresentaƟon in THA surgery. In this study, Māori represented <5% of the cohort, a clear 

underrepresentaƟon considering Māori represent 30.6% of the populaƟon in the Bay of Plenty region (Stats-

NZ, 2023). ContribuƟng factors for Māori under representaƟon may include structural (colonisaƟon, 

governance, socioeconomic) and intermediary (educaƟon, work, accessibility, lifestyle) determinants, 

highlighƟng the need to address upstream systemic and cultural barriers, not just surgical implants (Gleeson, 

2023; Rahiri et al., 2018). 

 

Whether preoperaƟvely or postoperaƟvely, all paƟent factors invesƟgated influenced paƟent outcomes to a 

certain extent. Although these results provide some insight, the low coefficient of determinaƟon of the models 

(R² ~ 0.34 at best) indicates that other potenƟal influencers may affect scores more readily or assist in 

explaining a greater proporƟon of PROM variance, such as smoking status(Yue et al., 2022), acƟvity levels 

(Reine et al., 2022), postoperaƟve rehabilitaƟon, health literacy, educaƟon, 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 comparaƟve studies with other specific implants. 

 

The raƟonale for examining 10-year PROMs was to assess whether incremental advances in polyethylene 

design translate into sustained paƟent-perceived benefit over the longer term. Given the similarity in implant 

geometry and fixaƟon, large early differences were not anƟcipated; rather, any potenƟal differences were 

hypothesised to emerge with longer follow-up, where polyethylene durability may plausibly influence pain, 

funcƟon, or acƟvity (Ronda & Wojnarowski, 2013). While radiographic outcomes and implant survivorship are 

criƟcal measures of implant performance, PROMs capture the paƟent experience of that performance. 

5.5. Conclusion 

From a paƟent outcome’s perspecƟve, the Rimfit cup shows no significant difference in PROMs to the ECF at 10 

years, with both implants demonstraƟng sustained improvements in PROMs and no staƟsƟcally significant 

differences in physical funcƟon outcomes over 10 years. The Rimfit cohort presented with superior VR-12 

mental scores preoperaƟvely, sustained at 1-year, and at 5-year suggesƟng baseline differences in mental 

wellbeing. Socioeconomic status, sex, and comorbidity status (i.e., ASA) were idenƟfied as significant clinical 

predictors of poorer preoperaƟve physical outcomes in both cohorts. For the Rimfit, Māori ethnicity was a 

predictor of poorer preoperaƟve mental health and postoperaƟve physical PROM scores. PostoperaƟvely, 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. LimitaƟons 

Analyses were restricted to paƟents with at least one completed PROM, which may introduce response bias. 

PaƟents who completed PROMs may differ systemaƟcally from those who did not, potenƟally influencing 

outcome esƟmates. This limitaƟon is inherent to PROMs-based registry analyses and should be considered 

when interpreƟng the results. However, at least 84% (1360 out of 1630) of THA observaƟons completed at 

least one PROM reducing response bias. 

 

While the large sample size improves precision and staƟsƟcal power, it does not eliminate the possibility of bias 

or residual confounding. Differences in funding status and temporal changes in referral paƩerns, surgical 

pracƟce, and PROM collecƟon may also influence baseline characterisƟcs and observed outcomes independent 

of implant choice. These factors should be considered when interpreƟng the findings, and causal inferences 

should be made with cauƟon. 

 

The width of follow-up windows reflects the pragmaƟc nature of registry-based PROM collecƟon, where follow-

up Ɵming is not fixed but occurs within predefined intervals. To minimise potenƟal bias, 1-year follow-up was 

selected as the primary analyƟcal endpoint due to the largest sample size, greatest temporal clustering of 

responses and lack of staƟsƟcally significant differences observed in mean PROMs across 1-, 5-, and 10-year 

follow-up, suggesƟng that variaƟon in follow-up Ɵming did not meaningfully influence comparaƟve 

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 distribuƟon of 28 and 32 mm heads in the 

HXLPE cohort (38% and 56% respecƟvely), head size effect is unlikely to influence the outcomes of our PROMs 

invesƟgaƟon between ECF and Rimfit. 

 

The difference in sample size between cohorts (ECF n = 263; Rimfit n = 1,102) reflects the real-world transiƟon 

in clinical pracƟce from UHMWPE to HXLPE during the study period, with the ECF represenƟng an implant that 

was progressively replaced from 2010 onward. This imbalance is acknowledged as a limitaƟon; however, both 

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

violate the assumpƟons of the staƟsƟcal methods employed.  
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Chapter 6. Ten-year survival between a hybrid and cemented 

implant in primary total hip arthroplasty for osteoarthriƟs: 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 generaƟon ECF, over a 10-year follow-up. Both 

cemented constructs were associated with sustained improvements in pain, funcƟon, and health-related 

quality of life, with no staƟsƟcally significant differences in physical funcƟon outcomes over 10 years despite a 

10-year difference in observaƟon period. Although differences in mental health scores were observed at 

selected Ɵme points, these did not exceed established MCID thresholds. Importantly, this analysis further 

confirmed that PROMs were influenced by paƟent characterisƟcs and health system factors, including funding 

source, sex, comorbidity burden, age at surgery, and, in the Rimfit cohort, Māori ethnicity. These findings 

reinforced that implant-level comparisons must be interpreted within a broader paƟent-centred and equity-

informed framework. 

 

Having established that the Rimfit demonstrates no significant difference in PROMs to a well-performing early 

generaƟon 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 validaƟon 

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 evaluaƟon of hybrid versus cemented performance in the Bay of Plenty region using a cemented 

comparator with demonstrated survival stability and durable paƟent-reported outcomes. 
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6.1. IntroducƟon 

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 opƟon in Australia and the United Kingdom (CeramTec, 2025). Hybrid implants were developed to 

miƟgate concerns about early loosening of cemented cups and technical challenges of cemenƟng in the 

acetabulum (Van Praet & Mulier, 2019), while maintaining the proven stability and durability of a cemented 

stem (González Della Valle et al., 2016) and is parƟcularly appealing in paƟents where femoral bone quality 

may be variable, but acetabular bone can support osseointegraƟon (González Della Valle et al., 2016) and 

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

 

A recent literature review of hybrid and cemented THA outcomes for osteoarthriƟs (Pearce, Butcher, et al., 

2025) idenƟfied inconclusive survival evidence of superiority for either combinaƟon. LimitaƟons of studies 

reviewed included a large variaƟon in observaƟon periods (1980-2019); broad category classificaƟon of THA 

implants including mulƟple brands, designs, materials and coaƟngs; heterogeneity in paƟent characterisƟcs 

such as age group studied (e.g. over 80 years only, under 55 years only); overlapping registry data; as well as 

variaƟons in staƟsƟcal survival calculaƟon (Pearce, Butcher, et al., 2025). The review idenƟfied the need for 

more recent, standardised survival comparison studies of homogenous populaƟons for THA in osteoarthriƟs, 

preferably in specific high-use components (Boyle et al., 2023; Boyle et al., 2022; Pearce, Butcher, et al., 2025). 

Generic cohort studies can idenƟfy generalised trends in survival (Boyle et al., 2023; Boyle et al., 2022), but 

lack the detail needed to guide implant selecƟon, whereas comparison of specific implants allows a more 

accurate assessment of variability in survival outcomes (Boyle et al., 2022; Pearce, Butcher, et al., 2025). 

AddiƟonally, a homogenous populaƟon of observaƟons (same diagnosis, region, hospital groups, surgeons, 

observaƟon periods, cemented stems) would allow surgeons to disƟnguish whether any observed differences 

in survival are aƩributed to fixaƟon type. This would support evidence-based selecƟon (Boyle et al., 2023; 

Boyle et al., 2022; Pearce, Butcher, et al., 2025). IdenƟfying paƟent predictors of survival such as sex (Nugent 

et al., 2021), age (Boyer et al., 2019), body mass index (BMI) (Davis et al., 2011; MouchƟ et al., 2018), ethnicity 

(Alvarez et al., 2022a), American Society of Anesthesiologists Physical Status classificaƟon (ASA) (Nugent et al., 

2021), and funding (Alvarez et al., 2022b) pathway, may also idenƟfy characterisƟcs of paƟents 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 osteoarthriƟs paƟents (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 exisƟng literature (Pearce, Butcher, et al., 2025). 
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The uncemented Exter® Trident™ Series 1 acetabular cup is known for its mulƟ-bearing design and 

hydroxyapaƟte coaƟng to promote bone ingrowth for improved fixaƟon (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 migraƟon in the cup over a 4-year follow-up. These studies did not isolate primary THA 

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

 

Given the substanƟal economic burden of osteoarthriƟs in NZ (esƟmated at NZD12.2 billion in 2018) (Van der 

Merwe et al., 2018), implant-specific evaluaƟon is essenƟal. Analysis limited to broad implant categories may 

obscure clinically important differences between individual implants (Pearce, Butcher, et al., 2025). Implant 

level evaluaƟon enables more precise, evidence-based selecƟon 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 osteoarthriƟs in the Bay of Plenty region of NZ. 

AddiƟonally, paƟent predictors of survival (age, sex, body mass index (BMI), ethnicity, comorbidity raƟng, and 

funding type) were invesƟgated in each cup to determine influencing factors and compared reasons for 

revision. 

6.2. Methods 

6.2.1. Data source and collecƟon 

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 CommiƩee (HREC2023#12) and conducted and reported in accordance with the 

STROBE guidelines (von Elm et al., 2007). The naƟonal registry captures all primary procedures, revisions, and 

mortality through naƟonal data linkage. Therefore, loss to follow-up is negligible. Primary THAs for 

osteoarthriƟs using an Exeter® V40™ stem with either a cemented HXLPE Exeter® X3™ Rimfit cup (using a 

standardised, third generaƟon cemenƟng technique) (hereaŌer referred to as cemented) or uncemented 

Exeter® Trident™ 1 series (highly porous and hydroxyapaƟte -coated porous Ɵtanium Peripheral Self Locking, 

Hemispheric or Tritanium™) cup (Stryker Orthopaedics, Mahwah, NJ) with HXLPE liner (hereaŌer 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 observaƟons (death, end of follow-up, or 10 years) as “0”. Missing data were handled 

using pairwise deleƟon. PaƟent specific factors (sex, age, BMI, ethnicity, ASA raƟng, and funding source) were 

treated as categorical variables. Age categories aligned with UK, NZ and Australian naƟonal 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 naƟonal registry and Centre for Disease Control standards, and ASA 4 raƟngs were 

recoded as ASA 3 due to a low number of ASA 4 observaƟons (n = 19). Ethnicity was self-reported by paƟents 

and categorised into NZ European, NZ Māori, 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 proporƟons of 

categorical predictors between implant groups. 

 

Table 26. ClassificaƟon of paƟent 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/m²)  

<25 Normal BMI 

25-29.9 Overweight 

30-34.9 Obese Class I 

35-40 Obese Class II 

>40 Obese Class III 

ASA raƟng  

ASA 1 PaƟent is a completely healthy, fit paƟent. 

ASA 2 PaƟent has mild systemic disease. 

ASA 3 PaƟent has severe systemic disease that is not incapacitaƟng. 

ASA 4 PaƟent has incapacitaƟng disease that is a constant threat to life. 

Ethnicity ‡  

NZ European New Zealanders of European descent 

NZ Māori A person of the Māori race and includes any descendant 

Other All other ethniciƟes and undetermined ethniciƟes 
AbbreviaƟons: ASA, American Society of Anesthesiologists Physical Status classificaƟon 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 tesƟng and verified assumpƟons of independent 

censoring, Ɵme-to-event data, survival homogeneity, and absence of influenƟal events. CompeƟng risk of 

death was considered, but not applied, as most paƟents were under 75 years. ProporƟonal hazards 

assumpƟon 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) reporƟng guidelines 

were followed and R Studio 2025.09.0 (“Cucumberleaf Sunflower”) (Posit, 2023) used to conduct all staƟsƟcal 

tests. 
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6.2.3. Reasons for revision 

In a secondary analysis, reasons for revision were categorised into dislocaƟons, infecƟon, periprostheƟc 

fracture, pain, asepƟc loosening of acetabulum, loosening of acetabulum due to infecƟon, and other. Chi-

square tests compared proporƟons of revision reasons between implants. DescripƟve data are reported as 

counts, percentages, and means ± standard deviaƟons. Across analyses, 95% confidence intervals [lower, 

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

6.2.1. Regression 

Propensity scores were esƟmated using logisƟc 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 percenƟle. Covariate balance was assessed using standardized mean differences. Weighted Cox 

proporƟonal hazards models with robust standard errors were used to compare revision risk between hybrid 

and cemented THA. 

 

6.3. Results 

6.3.1. PaƟent variables 

During the period analysed, there were 2,823 primary THA surgeries for osteoarthriƟs, 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/m²) and the cemented cohort 61.30% female (age 71.39 ± 8.52 y, mean BMI 28.00 ± 

4.93 kg/m²) with hybrid paƟents younger (p < 0.001) and with greater mean BMI at surgery (p < 0.001). See 

Table 27. Chi-square tests idenƟfied a higher proporƟon of male (∆13.42%), privately funded (∆22.21%), and 

Māori (∆4.48%) paƟents in the hybrid cohort (p < 0.001). A higher proporƟon of younger paƟents <65 years 

(∆14.05%), paƟents with 25-29.9 BMI (∆ 5.02%), 30-34.9 BMI (∆ 6.09%), 35-39.9 BMI (∆ 5.17%) and >40 BMI (∆ 

3.16%) were idenƟfied in the hybrid cohort (p < 0.001). Cobalt chromium represented 85% and 95% of hybrid 

and cemented femoral heads respecƟvely, 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 observaƟons 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% CI 94.7–97.0) for hybrid fixaƟon and 97.0% (95% CI 95.9–

98.2) for cemented fixaƟon (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 fixaƟon (HR 0.46; p = 0.0497). However, following 

propensity score weighƟng, all baseline covariates achieved adequate balance (standardised mean differences 

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

compared with cemented fixaƟon (HR 1.41; 95% CI 0.85–2.33; p = 0.179). 

 

Figure 10. Inverse probability weighted Kaplan–Meier survival curves for revision-free survival by implant 
fixaƟon 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 observaƟon 

period from the 2823 THA instances (Table 29). The hybrid demonstrated a higher proporƟon of revisions 

compared with cemented (∆1.3%, 95% CI [0.04%, 2.56%], p = 0.046). Most revisions were due to infecƟon 

followed by dislocaƟon. AsepƟc loosening of implants accounted for 8.64% of revisions. There was no 

staƟsƟcally significant difference in proporƟon of any revision type between the two implants. 

 

6.3.1. Regression 

No significant predictors of revision were idenƟfied in Cox regression analysis. 
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Table 27. PaƟent characterisƟcs, proporƟons, and revisions per cemented and hybrid primary total hip arthroplasty for osteoarthriƟs 

  Both Implants  Hybrid  Cemented  
ProporƟon 
comparison 

  n % Revision n Revision % n ProporƟon Revision n Revision % n ProporƟon Revision n Revision % χ² p-value 

Total  2823 100% 81 2.87%  1556 55.12% 52 3.34%  1267 44.88% 29 2.30%    
                   

Sex 
Male 1301 46.09% 44 3.38%  811 52.12% 28 3.45%  490 38.70% 16 3.30%  50.28 <0.001* 

Female 1522 53.91% 37 2.43%  745 47.88% 24 3.22%  777 61.30% 13 1.70%    
                   

Age (years) 

≤64 789 27.95% 22 2.79%  533 34.25% 11 2.06%  256 20.20% 11 4.30%  80.17 <0.001* 
65-74 1123 39.78% 32 2.85%  603 38.75% 21 3.48%  520 41.00% 11 2.10%    

≥75 911 32.27% 27 2.96%  420 26.99% 20 4.76%  491 38.80% 7 1.40%    
                   

BMI (kg/m²) 

<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%    
35-39.9 237 8.40% 9 3.80%  156 10.03% 5 3.21%  81 5.20% 4 4.90%    

≥40 121 4.29% 5 4.13%  85 5.46% 4 4.71%  36 2.30% 1 2.80%    
Missing † 179 NA 4 2.23%  102 NA 4 -  77 NA 0 -    

                   

ASA 

1 373 13.21% 9 2.41%  216 13.88% 6 2.78%  157 12.40% 3 1.90%  3.85 0.146 

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 † 13 NA 0 0.00%  9 NA 0 -  4 NA 0 -    

                   

Funding 
Public 1458 51.65% 42 2.88%  1010 64.91% 33 3.27%  448 42.70% 9 2.00%  125.86 <0.001* 
Private 1146 40.60% 35 3.05%  544 34.96% 18 3.31%  602 57.30% 17 2.80%    

Missing † 219 NA 4 1.83%  2 NA 1 -  217 NA 3 -    
                   

Ethnicity 

NZEU 2503 88.66% 72 2.88%  1352 86.89% 45 3.33%  1151 90.80% 27 2.30%  14.82 <0.001* 

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

* Significance set at p < 0.05; † Missing values have not been included in proporƟon calculaƟons 
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Table 28. Implant survival between hybrid and cemented primary total hip arthroplasty for osteoarthriƟs at 10 
years 

    Hybrid Cemented 

Factor   
At risk 

(n) 
Events 

(n) 
Survival % 

[95%CI] 

Log-
rank p-
value† 

At risk 
(n) 

Events 
(n) 

Survival % 
[95%CI] 

Log-rank 
p-value† 

Component  145 52 95.9 [94.7, 97.0] — 244 29 97.0 [95.9, 98.2]  0.179 ‡* 

          

Sex  
Male 86 28 95.9 [94.4-97.5] 

0.843 
105 16 95.7 [93.5, 98.0] 

0.089 
Female 59 24 95.8 [94.1, 97.6] 139 13 97.9 [96.8, 99.1] 

          

Age (years) 
<65 52 11 97.9 [96.63, 99.1] 

0.047* 
83 11 94.7 [91.6, 97.9] 

0.103 65-74 70 21 95.7 [93.8, 97.6] 105 11 97.5 [96.0, 99.0] 
≥75 23 20 93.3 [90.2, 96.4] 58 7 98.3 [96.9, 99.6] 

          

BMI 
(kg/m²) 

<25 26 7 97.4 [95.5, 99.3] 

0.885 

44 4 97.7 [95.5, 100] 

0.527 
25-29.9 47 21 95.3 [93.2, 97.4] 94 13 96.6 [94.6, 98.6] 
30-34.9 18 11 96.2 [94.0, 98.5] 47 7 96.5 [93.9, 99.2] 
35-39.9 7 5 96.2 [92.8, 99.7] 20 4 95.0 [90.3, 99.9] 

≥40 5 4 95.3 [90.9, 99.9] 10 1 97.2 [92.0, 100] 
          

ASA 
1 24 6 96.9 [94.4, 99.4] 

0.307 
36 3 96.4 [92.2, 100] 

0.892 2 97 30 96.4 [95.1, 97.6] 149 19 96.9 [95.5, 98.3] 
3 & 4 24 16 93.5 [90.0, 97.0] 59 7 97.7 [96.1, 99.4] 

          
Funding 

Public 107 33 95.9 [94.5, 97.4] 
0.826 

91 9 97.8 [96.3, 99.3] 
0.314 

Private 37 18 95.2 [94.0, 97.9] 120 17 96.2 [94.2, 98.1]] 
          

Ethnicity  
NZEU 126 45 95.8 [94.6, 97.1] 

0.789 
216 27 96.9 [95.7, 98.1] 

0.744 
Māori 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; CI, confidence intervals; Hybrid, Exeter 
Trident Series I cup with V40 stem; NZEU, New Zealand European. 

* Significance set at p < 0.05; † 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 osteoarthriƟs 

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. AŌer accounƟng 

for baseline differences between groups using propensity score weighƟng, no evidence of an associaƟon 

between fixaƟon type and revision risk was observed. Although the point esƟmate favoured cemented 

fixaƟon, the confidence interval was wide and included the null value, reflecƟng 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 staƟsƟcally significant difference in survival between fixaƟon 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 Ɵme 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 introducƟon of hybrid 

fixaƟon during the study period. Although Ɵme-to-event methods account for censoring, a shorter observaƟon 

window reduces the opportunity for revisions to occur and may overesƟmate early survivorship for the hybrid 

group (Serge Somda, 2021). However, the minimum acceptable number of at risk paƟents (>10%) at the end of 

the observaƟon period for survival analysis (Pocock et al., 2002) was met, which is more likely to affect overall 

survival esƟmates. The consistency of adjusted findings nevertheless suggests that fixaƟon type did not 

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

 

Although paƟents 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 tradiƟonally been associated with greater mechanical loading 

and potenƟal for early loosening, these effects may be miƟgated by younger more acƟve paƟents 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 acƟvity level, rehabilitaƟon 

(Chojnowska et al., 2024) smoking status (Ehnert et al., 2019), bone mineral density (Daher et al., 2024), 

surgical approach (Fagoƫ 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 selecƟon bias, the consistency of results across adjusted analysis suggests that fixaƟon 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 prioriƟse larger, event-driven cohorts or pooled registry analysis with longer median follow-up. 

However, this approach would again introduce heterogeneity in paƟent demographics (ethnicity, 

socioeconomic status, etc). These differences may obscure true fixaƟon related effects and complicate 

interpretaƟon. This bias could be miƟgated by adjusƟng for clustering by centre or surgeon to preserve 

interna; validity while benefiƟng 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 complicaƟons, and 

sustained improvements in pain, funcƟon, and quality of life reflected through paƟent-reported outcomes 

(PROMs) provide a more comprehensive measure of outcome (Pearce, Butcher, et al., 2025). Extended survival 

in presence of pain, dysfuncƟon, and poor quality of life is indicaƟve of poor paƟent outcome (Golinelli et al., 

2022; Okafor & Chen, 2019). Low Māori observaƟons in both THA cohorts indicates low uptake comparaƟve to 

populaƟon norms, indicaƟng possible systemic barriers (referral paƩers, geographic access, financial 

constraints, limited culturally safe care) (Rahiri et al., 2018) and may present later with advanced disease state 

than non-Māori, despite a comparable burden of disease (Gleeson, 2023). Addressing inequality through 

culturally safe pathways, improved primary-specialist coordinaƟon and equitable rehabilitaƟon access is 

criƟcal to ensure funcƟonal benefits of THA are realised equitably across populaƟons. 

6.4.4. Decline in cemented total hip arthroplasty 

Survival was comparable between the cemented and hybrid implant combinaƟons examined in this 

populaƟon. Such a large shiŌ 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). PossibiliƟes may be heavy promoƟon within the market of cementless as “next 

generaƟon”, perceived to offer easier revision and beƩer long-term bone integraƟon (MaƩhias et al., 2021), 

which seems to be driven largely by percepƟon (Karuppal, 2016) and training paƩerns (Ryan et al., 2022). No 

peer-reviewed study that reliably quanƟfies the difficulty of revision (e.g., operaƟve Ɵme, bone loss or 
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complicaƟon rate) by fixaƟon type was idenƟfied.  Several systemaƟc reviews (Abdulkarim et al., 2013; Pearce, 

Butcher, et al., 2025; Van Praet & Mulier, 2019) acknowledged the preference for uncemented acetabulum 

fixaƟon 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 mulƟple head sizes and offset configuraƟons, affording the surgeon considerable intraoperaƟve 

flexibility to opƟmise head-cup diameter raƟos, bearing material, and stability characterisƟcs for the individual 

paƟent (Bozic et al., 2009). The breadth of bearing opƟons available with modular cementless systems has 

expanded substanƟally with the advent of HXLPE, dual mobility constructs, and large-diameter ceramic heads, 

making the cementless plaƞorm increasingly versaƟle for a wide range of paƟent profiles and acƟvity 

demands. This modularity enables the surgeon to respond to intraoperaƟve findings, acetabular size, bone 

quality, range of moƟon, and soŌ Ɵssue tension, in a way that the all-polyethylene cemented cup, which is a 

fixed construct with limited intraoperaƟve adjustability, does not allow.  

 

Ryan et al (2022) noted only 37% of orthopaedic graduate candidates perceived their training in cemenƟng 

techniques to be comprehensive, with 17% reporƟng non-existent training in cemenƟng. A thorough 

understanding of cementaƟon techniques is crucial to ensure a favourable outcome with a uniformly thick 

cement mantle; incorrect cemenƟng can lead to the premature failure of the endoprosthesis (Faris et al., 

2006). A further pracƟcal consideraƟon cited in literature as contribuƟng to the preference for uncemented 

acetabular fixaƟon is operaƟve efficiency: cemenƟng the acetabular component requires a second cement mix 

and an addiƟonal 10–15 minutes of curing Ɵme compared to press-fit inserƟon of a cementless cup, with 

implicaƟons for theatre throughput in high-volume units. However, this has not been formally quanƟfied in 

studies directly comparing acetabular fixaƟon 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 pracƟcal 

determinant of prosthesis selecƟon. RetrospecƟve analyses across arthroplasty procedures have 

demonstrated that both cumulaƟve team operaƟve experience and surgeon-scrub nurse familiarity are 

independently associated with significant reducƟons in operaƟve Ɵme and complicaƟon rates, effects that 

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

 

Cost effecƟveness and affordability may drive the decision to defer to one over the other, but a review 

(Veldman et al., 2021) idenƟfied cemented and hybrid THAs were both cost effecƟve. Pennington (2015) 

surmised that quality of life aŌer total hip arthroplasty was the main driver of cost effecƟveness, rather than 

risk of revision. PROMs comparison between the same two implant combinaƟons may reveal more detailed 

insights into which provides greater paƟent perceived value, complimenƟng survival data in guiding implant 

selecƟon.  
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6.5. Conclusion 

These results indicate that any difference in revision risk up to 10 years between fixaƟon types, if present, is 

likely modest and remains uncertain within the constraints of available event numbers. PROMs evaluaƟon of 

the populaƟon may provide valuable insight as an indicator of successful THA. The reducƟon 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. LimitaƟons 

ObservaƟonal 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. PaƟent characterisƟcs 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 addiƟonal surgical confounders has been miƟgated in 

some respects. Lack of staƟsƟcal significance where small sample sizes are evident warrant cauƟous 

interpretaƟon. A standard group-to-group survival comparison requires a minimum of 66 events to reliably 

detect a large clinical difference (Hazard RaƟo = 2.0) and 191 events to detect a moderate difference (Hazard 

RaƟo = 1.5) therefor these results must be interpreted with cauƟon due to the small incidence if events in this 

populaƟon. 

 

Femoral head material and size were not evaluated as covariates in the survival analysis, and the distribuƟon of 

both varied between the cemented and hybrid cohorts. Cobalt-chromium was the predominant head material 

in both cohorts; however, the proporƟon of ceramic heads differed, accounƟng for 15% of cases in the hybrid 

cohort compared with 5% in the cemented cohort. This difference introduces a potenƟal 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 paƟent-reported outcome between 

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

 

A potenƟal source of bias relates to the asymmetry in revision opƟons available for the two fixaƟon modes 

following dislocaƟon. In the cementless cohort, a well-fixed but malposiƟoned or unstable shell can oŌen be 

managed with a comparaƟvely minor procedure; isolated liner or head exchange without removal of the 

osseointegrated shell; whereas no equivalent minor revision opƟon exists for a cemented cup, where 

management of recurrent dislocaƟon typically requires either non-operaƟve measures or full cup revision with 

cement removal. This asymmetry may have introduced a surgeon-level threshold bias, whereby dislocaƟon in 

the cemented cohort was more likely to be managed conservaƟvely rather than surgically, potenƟally 

underesƟmaƟng the true revision rate for dislocaƟon in this group relaƟve to the cementless cohort. 
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Chapter 7. Ten-year comparison of paƟent-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 

associaƟon was aƩenuated aŌer adjustment for case-mix imbalance using propensity weighƟng, indicaƟng that 

the unadjusted findings were likely confounded by baseline paƟent characterisƟcs rather than reflecƟng true 

implant-level differences. Given the absence of robust survival differences aŌer 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 paƟent experience, parƟcularly in the presence of systemaƟc differences in paƟent 

characterisƟcs between implant groups. 

 

Accordingly, this study aimed to compare PROMs between the hybrid and cemented THA in the region over 10 

years, incorporaƟng paƟent characterisƟcs and funding resource type as potenƟal influenƟal factors. This 

approach allows assessment of whether differences in PROMs exist independent of survival, and whether 

specific paƟent subgroups experience differenƟal outcomes across implant constructs. 
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7.1. IntroducƟon 

Total hip arthroplasty (THA) is one of the most successful and frequently performed orthopaedic procedures 

worldwide (Evans et al., 2019), delivering substanƟal improvements in pain, mobility, and overall health-related 

quality of life for individuals with end-stage hip osteoarthriƟs (Vergari et al., 2024). As populaƟons age and 

expectaƟons for funcƟonal longevity conƟnue to rise, long-term outcomes following THA have become 

increasingly important to paƟents, 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 scruƟny of implant value, longevity, and equity of outcomes across demographic 

groups (SƟlwell et al., 2025). 

 

What consƟtutes the “opƟmal” method of implant fixaƟon remains a topic of ongoing debate in THA pracƟce. 

OpƟons include cemented, uncemented, hybrid, and reverse hybrid constructs, each with differing theoreƟcal 

advantages. Fully cemented fixaƟon, parƟcularly of the femoral component, has an established history of long-

term success in primary THA for OA (Pearce, Joshi, et al., 2025a; PerƟcarini et al., 2024; Van Praet & Mulier, 

2019). More recently, hybrid fixaƟon, combining an uncemented acetabular component with a cemented 

femoral stem, has gained popularity. By 2023 in NZ, hybrid implant THA combinaƟons had increased to ten 

Ɵmes that of cemented combinaƟons (McKie et al., 2024) despite minimal evidence to support this shiŌ. 

Advocates of hybrid constructs cite improved biological fixaƟon of the cup (González Della Valle et al., 2016), 

reduced challenges related to cemenƟng of the acetabulum (Van Praet & Mulier, 2019), and reliable stability of 

the cemented stem (González Della Valle et al., 2016). Opposingly, advocates for cemented implant 

combinaƟons cite excellent long-term survival (Pearce, Joshi, et al., 2025a), reduced periprostheƟc fracture 

rates (Sassoon et al., 2024), and improved cost effecƟveness (Veldman et al., 2021). Despite these differing 

philosophies, evidence comparing long-term paƟent-reported outcome measures (PROMs) between fixaƟon 

types remains limited (Pearce, Butcher, et al., 2025; Van Praet & Mulier, 2019), and clinical pracƟce may reflect 

surgeon training or preference rather than strong comparaƟve data (Ryan et al., 2022). ExisƟng literature 

comparing cemented and hybrid constructs has largely focused on implant survival and revision rates rather 

than paƟent-reported outcome measures. Only three studies available on this topic focussed exclusively on 

PROMs in cemented and hybrid implant comparison in osteoarthriƟs (NilsdoƩer & 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 populaƟons, 

used assorted PROMs tools and were limited in their analysis of influenƟal paƟent 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(NilsdoƩer & Lohmander, 2003) yet no significant differences in outcomes between the two 

constructs. 
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Long-term PROMs are increasingly recognised as criƟcal 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, funcƟon, and quality of life a decade aŌer surgery. A 10-year 

horizon allows assessment of sustained benefit, late decline, or divergence between implant combinaƟons that 

may not be apparent in early follow-up. PaƟent factors that may influence these PROMs have direct 

implicaƟons for paƟent-specific implant selecƟon, surgeon training, procurement decisions, and value-based 

care strategies within health systems. Broad comparison of various fixaƟon methods has also been criƟcised as 

limited, idenƟfying 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 internaƟonally, 

with long-term reliability, low revision rate and high-level funcƟonal performances (Mahon et al., 2020; 

Mancino et al., 2023; PerƟcarini et al., 2024). When paired with the Exeter Rimfit™ (Rimfit) cemented 

acetabular component, this implant combinaƟon represents a fully cemented construct. In this region of 

interest, the Bay of Plenty in NZ, this combinaƟon shows equitable survival outcomes to the “gold standard” 

early generaƟon 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 combinaƟon in NZ aŌer the ECF  cup (McKie et al., 

2024), which is no longer in use. In the Bay of Plenty, the Exeter Trident hybrid combinaƟon (Trident) – pairing 

the Exeter V40 femoral stem with the Trident™ uncemented Series 1 acetabular cup – is a popular hybrid 

implant combinaƟon (McKie et al., 2024). Because both constructs share the same femoral stem and differ only 

in acetabular fixaƟon, they provide a uniquely controlled opportunity to compare the PROMs of two fixaƟon 

strategies while minimising implant design confounding. Thus, the aim of this study was to firstly compare 10-

year PROMs following primary THA for osteoarthriƟs using the Trident (hybrid) and Rimfit (cemented) 

constructs, using a large and detailed regional dataset and secondly  determine influenƟal paƟent 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 collecƟon 

Anonymised, prospecƟvely collected PROM data were obtained for primary THAs performed between 1 

January 2003 and 30 June 2023 for osteoarthriƟs, 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. PaƟent data were extracted from the Tauranga Orthopaedic 

Research (TOR) regional registry when presenƟng with at least one PROM at any of the Ɵmepoints of interest. 

TOR is a non-profit organisaƟon that independently maintains a comprehensive registry of all THA procedures 

performed in the region, separate from the NZJR. With paƟent consent, data are prospecƟvely entered into 

SOCRATES soŌware (version 3.5.8.26 10150). PROMs are rouƟnely collected preoperaƟvely 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 OsteoarthriƟs index (WOMAC), and Veterans RAND 12-item Health Survey (VR-12) 

physical and mental component scores. The University of Waikato Human Research Ethics CommiƩee 

(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. PaƟent-reported outcome measures 

PreoperaƟve PROMs consisted of scores collected before surgery. Follow-up intervals were defined as 1-year 

(10-14 months postoperaƟvely), 5 years (4-6 years postoperaƟvely), and 10 years (9-11 years postoperaƟvely). 

To facilitate clinical interpretaƟon between implants cohorts and their paƟent subgroups (sex, age, body mass 

index [BMI], American Society of Anaesthesiologists [ASA] raƟng, funding source, and ethnicity), minimal 

clinically important difference (MCID) thresholds were calculated using a distribuƟon-based approach. Each 

MCID was set at 0.5 Ɵmes the standard deviaƟon of the preoperaƟve score for each cohort(Molino et al., 

2022). Although intended to describe within-paƟent change (Deckey et al., 2023), MCID was applied here to 

aid interpretaƟon of between-group differences to assess their potenƟal clinical relevance. Score differences 

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

7.2.3. PaƟent characterisƟcs 

Collected demographic and clinical categorical parameters included sex (male, female), ASA grade (1-4), 

funding source (public, private), and ethnicity (NZ European, Māori, Other). Age and BMI were treated as 

conƟnuous 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, paƟents 

classified as ASA 4 were reclassified as ASA 3 (Rimfit n = 7, Trident n = 12) to allow for sufficient representaƟon 

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

7.2.4. StaƟsƟcal analysis 

All analyses were conducted in RStudio (Vienna, Austria) (Posit, 2023), with methodological oversight from a 

specialist in public health staƟsƟcs and biostaƟsƟcs. Missing data were handled using pairwise (available case) 

deleƟon, meaning that all available observaƟons were used for each analysis without requiring complete data 

across all variables. Missing data may be due to incomplete quesƟonnaires, non-returned quesƟonnaires, or 

study withdrawal. Baseline distribuƟon of categorical variables (sex, ASA raƟng, funding source, and ethnicity) 

and conƟnuous variables (age, BMI) were summarised for each implant type, along with mean OHS, WOMAC, 

and VR-12 scores obtained preoperaƟvely and at 1, 5 and 10 years postoperaƟvely. Missing data resulƟng from 

incomplete or unreturned quesƟonnaires or study withdrawal were handled using pairwise deleƟons, 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. ConƟnuous variables (age, BMI, and 

PROMs) were compared using independent students t-tests or Welch’s t-tests, as appropriate. Normality was 

assessed using visual inspecƟon of histograms and Q–Q plots. Due to the incomplete pairing of preoperaƟve 

and postoperaƟve data, independent t-tests were used for temporal comparisons. VariaƟons 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 tesƟng.  PostoperaƟve OHS values below 27 were classified as “poor” and associated 

paƟent characterisƟcs were descripƟvely analysed separately. MulƟple linear regression was used to determine 

paƟent characterisƟcs independently associated with preoperaƟve and postoperaƟve PROMs within each 

cohort. Model diagnosƟcs included assessment of residual plots (normality of residuals was assessed visually 

using Q-Q plots), influence staƟsƟcs, variance inflaƟon factors, and the Durbin-Watson staƟsƟc. PreoperaƟve 

scores were included as covariates in postoperaƟve models, and variables significantly associated with 

preoperaƟve outcomes were excluded from postoperaƟve models to minimise confounding. Minor deviaƟons 

from normality were observed in untransformed postoperaƟve OHS and WOMAC scores in both cohorts. 

However, given the large sample size and the exploratory nature of the analysis, these deviaƟons were not 

expected to bias parameter esƟmates. StaƟsƟcal significance was defined as p < 0.05 and all results were 

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

7.3. Results 

We idenƟfied 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 proporƟon of males (p < 0.001, 11.3% greater), 

publicly funded (p < 0.001, 21.9% greater), Māori ethnicity (p < 0.001, 5.5% greater), and “Other” ethnicity (p < 

0.001, 1.6% greater). We noted a significantly higher proporƟon 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.m² lower) in the Rimfit cohort 

(Table 30). Cobalt-chromium was the predominant head material in both groups, accounƟng 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 distribuƟon 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 accounƟng for 8%. 
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Table 30. Comparison of implant paƟent characterisƟcs between a hybrid and cemented primary total hip 
arthroplasty for osteoarthriƟs 

  Both Implants Trident Proportion Rimfit Proportion p- value 

Total 2331 1229 52.72%‡ 1102 47.3%‡ - 

Age (mean ± SD - 68.78 ± 9.58  71.39 ± 8.52  <0.001* 

BMI (mean ± SD) - 29.21 ± 5.70  28.00 ± 4.93  <0.001* 

Sex, n ¶       
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 † 3 0 0.00% 3 0.27% - 

ASA, n ¶       
1 314 168 13.67% 146 13.25% 0.813 

2 1430 770 62.65% 660 59.89% 0.185 

3 and 4 550 272 22.13% 278 25.23% 0.090 

Missing † 37 19 1.55% 18 1.63% - 

Ethnicity, n ¶       
NZEU 2090 1074 87.39% 1016 92.20% 0.020* 

Māori 184 129 10.50% 55 4.99% <0.001* 

Other 31 26 2.12% 5 0.45% <0.001* 

Missing† 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. 
† Missing values have not been included in proporƟon difference calculaƟons  
‡ Percentage represents proporƟon of total sample 
¶ Percentage represents proportion within specific implant type 
* Significance set at p < 0.05 

 

7.3.1. PaƟent-reported outcomes measures 

PROMs comparisons between and within cohorts can be found in Table 31. Significant differences were noted 

in all preoperaƟve PROMs, with Trident showing significantly poorer preoperaƟve scores across tools (p < 

0.001). No significant differences were noted at 1, 5, and 10 years postoperaƟvely between the implants, 

except for the Trident 1-year VR-12 physical score being significantly beƩer 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 

tesƟng revealed a significant difference between preoperaƟve 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 sƟll 

well below the MCID of 4.11. 
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7.3.2. Poor postoperaƟve paƟent-reported outcome measures 

A total of 106 OHS scores <27 were idenƟfied (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 paƟent characterisƟcs between the cemented and the hybrid implants. 

7.3.3. Linear regression: PreoperaƟve paƟent-reported outcome measures 

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

paƟents and those with ASA 3 grade had significantly poorer scores than private paƟents and those with lower 

ASA grades. For every PROM, public funding was associated with worse preoperaƟve scores that exceeded the 

MCID. PROMs of paƟents 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 negaƟve predictor of OHS, while 

female sex was associated with poorer WOMAC, VR-12 physical, and VR-12 mental scores. Māori ethnicity was 

addiƟonally associated with poorer VR-12 mental scores in both implant groups and exceeded the MCID in the 

Rimfit cohort. The R² values ranged from 0.12 to 0.31 across regression analyses. 

7.3.4. Linear regression: PostoperaƟve paƟent-reported outcome measures 

PreoperaƟve scores and age at surgery were consistent significant predictors of postoperaƟve scores in all 

PROMs in both cohorts, except in the VR-12 mental postoperaƟve scores in the cemented Rimfit cohort (Table 

34 and Table 35). BMI was a significant predictor of WOMAC and VR-12 physical postoperaƟve scores in the 

Trident cohort and the VR-12 mental postop scores in the Rimfit. In the Rimfit cohort, Māori ethnicity was 

idenƟfied as an addiƟonal significant predictor of poorer postoperaƟve PROMs compared to non- Māori, with 

poorer OHS by ~5 points, WOMAC by ~6 points, and VR-12 physical by ~8 points. However, the small number of 

Māori paƟents (n = 36) with postoperaƟve scores requires cauƟous interpretaƟon. The R² values ranged from 

0.08 to 0.14 across regression analyses. 
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Table 31. Comparison of preoperaƟve and postoperaƟve paƟent-reported outcome measures between a hybrid and cemented primary total hip arthroplasty for 
osteoarthriƟs 

  Rimfit 

Within 
Rimfit 

ANOVA ¶ Trident 

Within 
Trident 

ANOVA ¶ 

Between 
implant t-

test  

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

Oxford (0-48)                
Preop 837 18.23 ±8.96  4.48  861 15.36 ±8.36  4.18  <0.001 2.87 [2.04, 3.70] 

1-year postop 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] 

5-year postop 490 42.88 ±6.85   0.002* 521 42.54 ±7.50   0.336 0.451 0.34 [-0.54, 1.22] 

10-year postop 124 41.64 ±8.67   0.409 133 42.27 ±6.56   0.989 0.517 0.63 [-1.26, 2.52] 

WOMAC Total (0-96)               
Preop 827 54.23 ±18.51  9.26  850 60.70 ±18.37  9.19  <0.001 6.47 [4.69, 8.25] 

1-year postop 810 14.12 ±14.09 40.15 [38.60, 41.71]  <0.001* 935 13.71 ±15.50 46.99 [44.92, 49.07]  <0.001* 0.550 0.41 ['-0.94, 1.76] 

5-year postop 483 12.41 ±14.29   0.259 505 13.87 ±16.63   0.998 0.131 1.46 [-0.44, 3.36] 

10-year postop 124 15.38 ±17.23   0.256 129 14.88 ±14.06   0.944 0.801 0.50 [-3.38, 4.38] 

VR-12 Physical (x ̄= 50)               
Preop 836 27.61 ±8.21  4.11  857 25.97 ±7.66  3.83  <0.001* 1.64 [0.88, 2.40] 

1-year postop 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] 

5-year postop 487 44.43 ± 10.37   0.876 514 44.12 ±11.14   0.301 0.649 0.31 [-1.02, 1.64] 

10-year postop 125 42.23 ± 11.34   0.111 130 41.20 ±10.74   0.031* 0.458 1.03 [-1.70, 3.76] 

VR-12 Mental (x̄ = 50)               
Preop 836 46.36 ±12.76  6.38  857 42.58 ±13.37  6.69  <0.001* 3.78 [2.53, 5.03] 

1-year postop 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] 

5-year postop 487 53.97 ± 10.00   0.711 514 52.78 ±9.50   1 0.054 0.19 [-0.02, 2.40] 

10-year postop 125 55.16 ± 8.86   0.691 130 52.80 ±10.01   1 0.047* 2.36 [0.03, 4.69] 
Abbreviations: CI, 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 preoperaƟve score and the mean 1-year postoperative score 
‡ MCID calculated using the distribuƟon method of 0.5 x SD of the preoperaƟve score 
¶ with post hoc Tukey 
* Significance level set at p < 0.05  
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Table 32. PreoperaƟve paƟent-reported outcome measure linear regression for the Exeter Trident (hybrid) implant in primary total hip arthroplasty for osteoarthriƟs 

Trident 

Predictor 
Sample 

(n) R² 
F-

Statistic DF Estimate 
STD 

Error 
t-

value 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 24.91 <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 (Māori)     -4.48 1.44 -3.11 0.002* Māori 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. PreoperaƟve paƟent-reported outcome measure linear regression for the X3 Rimfit (cemented) implant in primary total hip arthroplasty for osteoarthriƟs 

Exeter X3 Rimfit 

Predictor Sample (n) R² F-Statistic DF Estimate (β) 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 I 

BMI     -0.27 0.06 -4.73 <0.001* ↑ 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* ↑ BMI → ↑ (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 (x̄  = 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* ↑ 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 (x̄  = 50) 824 0.15 29.16 5, 819    <0.001*  

(intercept)     52.28 1.11 47.00 <0.001* Baseline: Female, private funding, non-Māori, 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 (Māori)     -6.25 1.82 -3.44 <0.001* Māori 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 34. PostoperaƟve paƟent-reported outcome measure linear regression for the Exeter Trident (hybrid) implant in primary total hip arthroplasty for osteoarthriƟs 

Trident 

Predictor 
Sample 

(n) 
R² F statistic DF Estimate 

STD 
Error 

t-
value 

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 ↑ preop → 0.24-point ↑ postop → beƩer postop 

Age at surgery     -0.07 0.04 -2 0.046* Each 1-point ↑ 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 ↑ preop → 0.20-point ↑ postop → poorer postop 

BMI     0.35 0.12 2.96 0.003* Each 1-point ↑ BMI → 0.35-point ↑ postop → worse postop 

Age at surgery     0.24 0.08 3.19 0.002* 
Each 1 year ↑ age at surgery → 0.24-point ↑ postop → worse 
postop 

VR12 physical postop (x̄ = 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* ↑ preop physical scores ↑ postop → beƩer postop 

BMI     -0.32 0.08 -3.95 <0.001* Each 1-point ↑ BMI → 0.32-point ↓ postop → worse postop 

Age at surgery     -0.24 0.05 -4.74 <0.001* Each year ↑ is a 0.24 ↓ in postop → worse postop 

VR12 mental postop (x̄ = 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 ↑ is a 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. PostoperaƟve paƟent-reported outcome measure linear regression for the Exeter X3 Rimfit (cemented) implant in primary total hip arthroplasty for osteoarthriƟs 

Exeter X3 Rimfit cup 

Predictor 
Sample 

(n) R² F statistic DF 
Estimate 

(β) 
STD 
Error 

 t-
value 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* ↑ preop score → higher postop Oxford → beƩer postop 

Age at surgery     -0.093 0.035 -2.63 0.009* ↑ age → lower postop Oxford → worse postop 

Ethnicity (NZ Māori)     -4.925 1.441 -3.42 <0.001* NZ Māori 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* ↑ Preop WOMAC → ↑ postop WOMAC → worse postop 

Age at surgery     0.24 0.07 3.52 <0.001* Each 1 year ↑ is a 0.24 ↑ postop WOMAC → worse postop 

Ethnicity (NZ Māori)     5.83 2.69 2.17 0.031* NZ Māori 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 * ↑ Preop VR12 Physical → ↑ postop VR12 Physical→ beƩer postop 

Age at surgery     -0.27 0.05 -5.65 < 0.001 * Each 1-year ↑ is a 0.27 ↓ in postop → worse postop 

Ethnicity (Māori)     –7.56 1.88 -4.03 < 0.001 * Māori associated with ~8 point lower postop → worse postop 

VR-12 mental postop (x̄= 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 ↑ preop → 0.26-point ↑ postop → beƩer postop 

BMI     -0.19 0.08 -2.48 0.014*  ↓ BMI → 0.19 point ↑ postop → beƩer 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, incorporaƟng PROMs captured preoperaƟvely and at 1, 5, and 

10 years. The TOR regional database used in this study provides detailed and longitudinal PROMs, surgical data, 

and demographic characterisƟcs across a diverse populaƟon. This richness of data supports rigorous long-term 

comparaƟve analysis between implant types while accounƟng for demographic and service-delivery 

differences. Across all analyses, several consistent themes emerged that collecƟvely highlight the complexity of 

interpreƟng outcomes and the importance of contextualised regional data. 

 

The results demonstrate that fixaƟon type does not meaningfully influence postoperaƟve PROMs up to 10 

years. Instead, the strongest and most consistent predictors of postoperaƟve PROMs were the preoperaƟve 

scores themselves. PaƟents who entered surgery with poorer physical or mental health almost universally 

achieved lower postoperaƟve PROMs, independent of fixaƟon or surgical factors. The linear regression findings 

corroborate literature demonstraƟng that preoperaƟve PROMs are the most powerful predictors of 

postoperaƟve funcƟonal results aŌer 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 classificaƟon, female 

sex, older age, and higher BMI have been associated with poorer preoperaƟve 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 paƟent 

age and comorbidity burden, as well as elevated BMI rather than any deterioraƟon in the funcƟon of the 

operated hip itself (Cole et al., 2025). Thus, age and BMI serve as key variables linking paƟent-level health 

trends to generic physical health measures, a phenomenon not captured by joint specific PROMs. These 

findings highlight that within this region dispariƟes are established well before surgery and that clinical 

improvement aŌer THA is heavily influenced by where paƟents start. Poorer postoperaƟve outcomes in Māori 

in the cemented Rimfit cohort need to be interpreted with cauƟon due to the low numbers of Māori 

postoperaƟve scores but demonstrates the low uptake of THA in Māori. Bourke et al. (2023) idenƟfied 

compeƟng responsibility, disrupted mana (feeing disempowered), and systemic abdicaƟon as a probable 

contribuƟng factor to healthcare accessibility for Māori (Bourke et al., 2023). Socioeconomic inequiƟes may 

also contribute to inequity in THA uptake (Cohen-Levy et al., 2022; Loring, 2022). Further in-depth research 

into why Māori 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 dysfuncƟon. 

 

Both implant combinaƟons demonstrated significant improvements in the mean OHS, WOMAC, and VR-12 

physical and mental scores from preoperaƟve to 1-year postoperaƟvely. OHS, WOMAC, and VR-12 mental 

component scores also remained stable between 1, 5, and 10-year follow-up indicaƟng sustained joint-specific 

and mental health outcome over the long-term. However, a staƟsƟcally 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 

postoperaƟvely (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 staƟsƟcal significance. Unlike OHS and WOMAC, which exclusively evaluate hip 

specific pain, funcƟon, and sƟffness (Pulik et al., 2020); the VR-12 physical component captures broader 

aspects of physical health and mobility, encompassing the impact of comorbidiƟes and age-related decline in 

overall physical funcƟoning (Selim et al., 2019). As such, a reducƟon in VR-12 physical score over Ɵme may 

reflect deterioraƟon in paƟent general health or the onset of new medical condiƟons unrelated to the hip 

arthroplasty (Cole et al., 2025), while the preserved joint specific scores indicate the hip funcƟon itself 

remained well maintained (Pulik et al., 2020). The stability of the VR-12 mental scores supports this 

interpretaƟon, suggesƟng 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 

interpreƟng generic and joint-specific PROMs in tandem to disƟnguish between prosthesis related outcomes 

and broader health trajectories as paƟents age following hip replacement (Cole et al., 2025; Golinelli et al., 

2022). PaƟents receiving the Trident implant demonstrated significantly greater change scores from 

preoperaƟve to 1-year in all tools compared to those receiving the Rimfit. However, despite significantly poorer 

baseline PROMs in the hybrid cohort, postoperaƟve PROM scores were comparable between fixaƟon groups, 

indicaƟng convergence of paƟent-reported outcomes at long-term follow-up. 

 

Finally, although factors such as funding pathway, ASA classificaƟon, and BMI consistently influenced PROMs, 

the explanatory power of the models remained modest (R² 0.08–0.31). This low power highlights an important 

limitaƟon of convenƟonal comorbidity classificaƟon systems: They are too broad to capture specific condiƟons 

that meaningfully influence pain, funcƟon, and mental health. More granular comorbidity data, parƟcularly 

related to chronic pain disorders, mental health condiƟons, metabolic disease, and social determinants, are 

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

 

A disƟncƟve strength of this research lies in the use of a rich regional registry. Unlike naƟonal joint registries, 

which oŌen dilute local variaƟon through aggregaƟon, regional datasets provide a nuanced understanding of 

populaƟon-specific strengths and inequiƟes. In this context, the ability to track PROMs longitudinally within a 

defined region allowed clearer idenƟficaƟon of local dispariƟes, cultural influences, and system-level factors 

relevant to Māori and publicly funded paƟents. Such informaƟon would be obscured in naƟonwide analyses. 

7.5. Conclusion 

This study demonstrates that implant choice is unlikely the driver of outcome variaƟon in this populaƟon. 

Rather, preoperaƟve health status and sociodemographic context shape postoperaƟve recovery. Regional 

PROM-rich registries are essenƟal for revealing these paƩerns, 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 internaƟonally. 
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7.6. LimitaƟons 

Several limitaƟons should be acknowledged. External generalisability may be constrained, as findings reflect a 

specific regional cohort. Heterogeneity between implant groups may have influenced comparisons, and 

potenƟal ceiling effects of the PROMs may have reduced sensiƟvity to detect clinical meaningful differences. 

Residual and unmeasured confounding, including factors like surgical approach and rehabilitaƟon adherence, 

cannot be excluded. The broad comorbidity classificaƟon may not have fully captured disease severity, and the 

modest explanatory power of the models suggest addiƟonal unmeasured factors likely contributed to 

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

 

Femoral head material and size were not evaluated as covariates in the survival analysis, and the distribuƟon of 

both varied between the cemented and hybrid cohorts. Cobalt-chromium was the predominant head material 

in both cohorts; however, the proporƟon of ceramic heads differed, accounƟng for 15% of cases in the hybrid 

cohort compared with 5% in the cemented cohort. This difference introduces a potenƟal 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 funcƟonal outcome.  
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Chapter 8. Summary and recommendaƟons 

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 preoperaƟve period, with consistent paƟent-level factors 

predisposing certain groups to poorer baseline scores. Across implants, preoperaƟve PROMs were the 

strongest predictor of postoperaƟve PROMs, reinforcing the central importance of paƟent characterisƟcs and 

preoperaƟve status in shaping recovery trajectories. 

 

This Discussion chapter synthesises the findings of the Thesis, returning to the original research quesƟons and 

situaƟng the results within the context of modern THA. It considers what was iniƟally sought, what was 

ulƟmately found, and how these findings refine current understanding of implant performance, paƟent-

reported outcomes, and survival beyond implant-level comparisons alone. The implicaƟons of these findings 

are discussed in relaƟon to paƟents, clinicians, and health systems, including policy makers and joint registries, 

with parƟcular aƩenƟon to paƟent selecƟon, expectaƟon management, and interpretaƟon of registry-reported 

outcomes. The strengths and limitaƟons of the Thesis are criƟcally appraised, and key consideraƟons for future 

research are idenƟfied, parƟcularly in relaƟon to equity, preoperaƟve opƟmisaƟon, and the role of PROMs in 

evaluaƟng long-term success aŌer 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 parƟcular focus on 

the performance of specific cemented and hybrid implant constructs and the influence of paƟent 

characterisƟcs and funding source on outcomes. Using naƟonal registry data and regional longitudinal PROM 

data, this work sought to move beyond broad fixaƟon categories and revision-based definiƟons of success, 

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

 

The systemaƟc review (Part 1, Chapter 2) demonstrated that while THA for OA is widely regarded as a cost-

effecƟve and successful intervenƟon, 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; Jämsen et al., 2014; Kandala et al., 2015; Mäkelä et al., 2008; Pedersen et 

al., 2014) and three studies reported PROMs (NilsdoƩer & Lohmander, 2003; Norman-Taylor & Villar, 1997; 

Onsten & Carlsson, 1994) for hybrid and cemented. SubstanƟal heterogeneity existed between studies in 

implant constructs, paƟent characterisƟcs (parƟcularly age), PROM tools, follow-up duraƟon, and analyƟcal 

methods. Across the eight included studies, paƟent characterisƟcs 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 idenƟfied, 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 (NilsdoƩer & Lohmander, 2003; Norman-Taylor & 

Villar, 1997; Onsten & Carlsson, 1994). There was a notable absence of long-term PROM data. All idenƟfied 

studies were derived from European cohorts spanning several decades, limiƟng relevance to modern pracƟce 

and to health systems outside Europe. The limited adjustment for paƟent-level characterisƟcs and the frequent 

use of age-restricted cohorts highlight an important gap in the exisƟng literature. This limitaƟon is parƟcularly 

relevant given growing evidence that baseline paƟent factors strongly influence postoperaƟve 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 representaƟve cohorts with comprehensive covariate adjustment. Overall, the 

idenƟfied gaps highlighted the need for modern, implant-specific analyses using standardised methodology 

and extended PROM follow-up, parƟcularly outside of Europe with the inclusion of paƟent characterisƟcs 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 accounƟng for 

paƟent and funding factors relevant to regional and naƟonal decision-making.  

 

In the first secƟon of Part 2, Chapter 3 used NZJR data to compare survival outcomes of an earlier generaƟon 

and modern cemented THA for OA to determine whether the successor implant was a suitable replacement 

given not all implants perform equally (WyaƩ et al., 2021). Both cemented THAs used idenƟcal cemented 

stems but were implanted within different eras (2003 to 2013 and 2010 to 2023, respecƟvely). There was no 
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significant difference in 10-year survival outcomes between the predecessor and its successor cemented 

implant despite temporal separaƟon in their periods of use (Pearce, Joshi, et al., 2025a), substanƟaƟng it as a 

suitable replacement for its predecessor. Both the predecessor and successor cemented THAs demonstrated 

survival rates that exceeded 95% at 10 years, indicaƟng durable outcomes consistent with 10-year performance 

of NZ and internaƟonal cemented THAs (Bissias et al., 2021; Clar et al., 2024; Kunutsor, BarreƩ, et al., 2019; 

Kunutsor, Beswick, et al., 2019; Mäkelä et al., 2014; McKie et al., 2024). Survival outcomes were not affected by 

age, sex, BMI, ethnicity, ASA raƟng, 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 pracƟce and paƟent cohorts over Ɵme. Both implants also demonstrated no 10-year difference 

in reasons for revisions, with low dislocaƟon (0.8%), infecƟon (0.61%), and asepƟc loosening (0.24%) rates 

comparaƟve to reported revision rates elsewhere (Kandala et al., 2015). The findings suggest that implant type 

did not substanƟally influence underlying mechanisms of failure. From a clinical perspecƟve, no significant 

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

 

In the second secƟon of Part 2 (Chapter 4), long-term PROMs of the earlier generaƟon 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 parƟcular emphasis on paƟent-level predictors of poorer 

outcomes. OHS scores (0-48) idenƟfy hip specific pain and funcƟon outcomes higher values indicaƟng posiƟve 

outcomes. WOMAC score (0-96) idenƟfies more detailed funcƟon, sƟffness and pain for osteoarthriƟs with an 

aim for lower scores. VR-12 scores indicate health related quality of life in both physical and mental health 

domains with populaƟon standardised score of 50 ± 1SD for each. This analysis confirmed excellent PROMs 

(OHS >41) in this earlier generaƟon 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 posiƟve PROM outcomes from the earlier generaƟon cemented THA (Pearce, Joshi, et al., 

2025b). Sex and funding source significantly influenced all preoperaƟve scores (OHS, WOMAC, VR-12 physical, 

VR-12 mental), with BMI also influencing preoperaƟve OHS and WOMAC scores. Females, public funding, and 

greater BMI were significant predictors of poorer preoperaƟve PROMs. PreoperaƟve PROMs were idenƟfied as 

the most influenƟal predictor of all postoperaƟve scores. Older age at surgery and higher ASA raƟng also 

significantly contributed to poorer postoperaƟve physical funcƟon (WOMAC, VR-12). These findings reinforce 

the importance of not only considering the effect of implant type on outcomes, but also the effect of paƟent 

characterisƟcs and funding source on preoperaƟve scores, which significantly influence postoperaƟve scores 

(Appiah et al., 2023; Orr et al., 2022). Ethnicity was not idenƟfied as a predictor of PROMs; however, only 3.5% 

and 4.5% of THA paƟents idenƟfied as Māori or of ‘Other’ ethnicity in the registry, reducing staƟsƟcal power 

and robust inferences. Considering Māori represents 29% of the Bay of Plenty region, and 17% of the NZ 

populaƟon, uptake of surgery by Māori is relaƟvely poor (Māori PopulaƟon esƟmates: At 30 June 2022). 

PaƟents with poorer preoperaƟve PROMs may require addiƟonal preoperaƟve support, encompassing both 

funcƟonal and mental health strategies to improve postoperaƟve outcomes. PaƟents presenƟng with older age 
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at surgery and/or higher ASA raƟngs may require addiƟonal postoperaƟve support. Further invesƟgaƟon into 

mechanism for addiƟonal support in these idenƟfied groups are needed for this region of NZ. 

 

In the third secƟon 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 generaƟon 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 osteoarthriƟs up to 5 years postoperaƟvely, but with both THAs using a rim cuƩer 

device. No significant differences in OHS and Harris hip scores between the two were noted (vanWinterswijk et 

al., 2017). This idenƟfied a gap in long-term PROMs comparison of the modern cemented THA and its early 

generaƟon predecessor. Rather than a 15-year observaƟon, it was only possible to assess up to 10 years due to 

the successor implant’s reduced Ɵme in circulaƟon. Within each THA cohort, there were no significant 

difference between 1, 5, and 10-year postoperaƟve PROM scores, indicaƟng 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 posiƟve physical outcomes for both cemented THAs that are 

sustained over a 10-year period, despite differing implantaƟon eras. Significantly poorer mental quality of life 

(VR-12 mental) preoperaƟvely and at 1 and 5 years in the earlier generaƟon cemented THA was noted. This 

result may reflect differences in baseline psychological profiles or early postoperaƟve 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 idenƟfied 

as a significant predictor of poorer postoperaƟve PROMs in both THA groups. The same paƟent and funding 

factors idenƟfied in the 15-year predecessor study (female sex, public funding, and greater BMI) were also 

associated with poorer outcomes in the successor implant. In addiƟon, ASA 3 raƟng was idenƟfied as a 

significant preoperaƟve predictor of poorer baseline PROMs, suggesƟng that comorbidity burden may 

significantly impact outcomes. The concordance across implants strengthens the evidence that paƟent factors, 

in addiƟon to implant design, play a central role in determining long-term outcomes following THA. With both 

survival and PROMs of the earlier generaƟon 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 secƟon of Part 3 (Chapter 6) analysed NZJR data to compare 10-year survival of the modern cemented 

and hybrid THAs, expecƟng that hybrids would demonstrate superior outcomes given it now represents a 

substanƟal proporƟon (45%) of THAs in NZ (McKie et al., 2024). Significant differences in paƟent characterisƟcs 

were observed at baseline between the cemented and hybrid THA groups, with the hybrid group exhibiƟng a 

younger mean age at surgery, a greater BMI, and a higher proporƟon of male, Māori, and publicly funded 

paƟents. While crude Kaplan-Meier analyses suggested superior survival in cemented (97.0%) than hybrid 

(95.9%) reaching staƟsƟcal significance, this difference was no longer significant aŌer propensity-weighted Cox 

regression was applied to account for the differences in paƟent characterisƟcs. These findings challenge 
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assumpƟons that hybrid fixaƟon results in beƩer survival outcomes. There were no significant paƟent 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 secƟon 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 paƟent 

characterisƟcs between the cohorts were idenƟfied. Hybrid paƟents were more likely to be funded publicly and 

exhibited a younger mean age at surgery, greater mean BMI, and higher proporƟon of males and Māori 

compared to the cemented THA paƟents. Hybrid THAs reported significantly poorer baseline PROMs across 

tools, likely reflecƟng differences in underlying paƟent case-mix rather than implant-related factors. Hybrid 

fixaƟon was more frequently used in paƟents with higher BMI and in Māori, male, and younger paƟents. 

PostoperaƟvely, 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 beƩer than the 

cemented, and the 10-year cemented VR-12 mental score was significantly beƩer than the hybrid. The lack of 

significant differences between implants over Ɵme may partly reflect ceiling effects of the PROM instruments 

used, whereby postoperaƟve scores approach the upper limits of the scale, limiƟng the ability to detect further 

improvement or between-group differences. Nevertheless, the convergence of postoperaƟve scores also 

suggests that both the cemented and hybrid THA were effecƟve in improving PROMs, even among paƟents 

with poorer baseline PROM scores and health status. These findings reinforce the importance of considering 

both baseline PROMs and change scores when interpreƟng postoperaƟve outcomes in observaƟonal cohorts. 

Regression analysis idenƟfied the same factors as significant predictors of baseline PROMs (funding, sex, and 

ASA raƟng), with the addiƟon of ethnicity for VR-12 mental preoperaƟve PROMs. Public funding, female sex, 

ASA 3 raƟng, and Māori were significant predictors of poorer preoperaƟve PROMs, and poorer preoperaƟve 

PROMs, increased age at surgery, and greater BMI were significant predictors of poorer postoperaƟve PROMs. 

This Chapter, consistent with Chapters 4 and 5, demonstrated that postoperaƟve outcomes in THA are 

influenced predominantly by preoperaƟve scores, health status, and funding source rather than fixaƟon 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) 

1. 
 
 
 

2. 

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) 

1. 
 
 

2. 

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) up to 15 y. 

• 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 PROMs. 

• Low R² 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) 

1. 
 
 
 
 
 

2. 

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, Māori 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) 

1. 
 
 
 

2. 

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) 

1. 
 
 
 

2. 

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 cohort at 1 y 
• Mental HRQOL scores were significantly better preoperatively and at 10 y 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% CI] 

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 fixaƟon, given it has become the predominant mode of THA in NZ, accounƟng for 

approximately 45% of procedures, compared with fewer than 5% using fully cemented fixaƟon (McKie et al., 

2024). Several important observaƟons were idenƟfied throughout this Thesis.  

8.2.1. Early generaƟon and modern cemented outcomes 

Comparing the early generaƟon 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 comparaƟve outcomes (vanWinterswijk et al., 2017), which reported radiographic and 

PROM results but did not evaluate survivorship, by demonstraƟng  maintained performance at 10 years. To my 

knowledge, this represents the only idenƟfied direct long-term survival comparison of these two cemented 

implants in primary THA for OA.  

 

The documentaƟon of 15-year PROMs for the early generaƟon cemented THA represents one of the first long-

term PROMs evaluaƟons 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 preoperaƟve and postoperaƟve scores were idenƟfied over Ɵme. 

Furthermore, comparison with the modern cemented THA demonstrated no significant difference in 10-year 

PROMs, with consistent predictors of outcome observed, supporƟng no funcƟonal difference between implant 

generaƟons. While derived from a single regional populaƟon, this study draws on a large cohort of over 1,600 

paƟents treated within a consistent healthcare system, enhancing internal validity and supporƟng the 

relevance of these findings to comparable seƫngs.  

8.2.2. Modern cemented and hybrid outcome comparison 

Significant differences in baseline characterisƟcs were observed between the hybrid and modern cemented 

cohorts in the survival and PROMs analyses. These differences likely reflect both paƟent and system level 

factors. The following secƟon considers potenƟal explanaƟons for these dispariƟes and their implicaƟons for 

implant survival and long-term PROMs. 

 

The composiƟon of the hybrid cohort may in part reflect differences in surgeon decision-making and pracƟce 

paƩerns, which can influence both paƟent and implant selecƟon. Such variaƟon within orthopaedic pracƟce 

represents a recognised source of selecƟon bias in observaƟonal cohort studies, as individual surgeons’ 

preferences and thresholds for operaƟng may shape cohort composiƟon beyond clinical indicaƟon alone 

(Keding et al., 2019). For example, if one surgeon pracƟces predominantly in the private sector and 

preferenƟally uses cemented fixaƟon, while others perform hybrid procedures primarily in public pracƟces, the 
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resulƟng cohorts may differ systemaƟcally according to surgeon pracƟce rather than true differences in paƟent 

characterisƟcs. 

 

In a UK naƟonal survey of 101 surgeons, 60% of surgeons surveyed would choose hybrid, 31% uncemented, 

and 9% cemented THA implants. For paƟents 70 years or older, 55% of surgeons surveyed would choose 

hybrid, 11% uncemented, 33% cemented, and 1% reverse hybrid. The most influenƟal paƟent characterisƟcs 

involved in surgeon preference were paƟent age and acƟvity level (Baji et al., 2025).  The preferenƟal use of 

hybrid fixaƟon in younger and male paƟents, as found in this Thesis, is commonly jusƟfied by assumpƟons 

regarding superior bone stock, perceived biological advantages of osseointegraƟon, and easier revision 

(Lindgren et al., 2018). However, these raƟonales are largely based on biological constructs and surgical 

convenƟon rather than robust comparaƟve evidence and have rarely been formally evaluated in long-term 

outcomes studies (Howard et al., 2011; Lindgren et al., 2018). Clement et al. (2019) idenƟfied no significant 

evidence to support the claim that younger paƟents benefiƩed from improved fixaƟon using uncemented 

acetabular cups. 

 

Although the cohorts differed in baseline characterisƟcs, no significant differences in implant survival or 

postoperaƟve PROMs were idenƟfied aŌer adjusƟng for these differences using propensity weighƟng between 

the hybrid and cemented cohorts in the Bay of Plenty region of NZ. The only significant difference was poorer 

preoperaƟve PROMs among paƟents receiving hybrid THAs, a finding that may be explained by the greater 

representaƟon of publicly funded paƟents in this cohort, who typically present with worse baseline PROMs 

(Tynkkynen & Vrangbaek, 2018). 

8.2.3. Survival outcomes 

Although crude survival analysis idenƟfied differences between the hybrid and cemented THA cohorts, the 

significance of this difference was no longer evident aŌer propensity weighƟng. In weighted analysis, fixaƟon 

type did not drive meaningful differences in survival outcomes with both THAs demonstraƟng no significant 

difference in long-term performance aŌer accounƟng for paƟent characterisƟcs 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 fixaƟon types may emerge 

beyond the first decade, examining outcomes beyond 10 years remains important to inform long-term implant 

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

 

Although uncemented acetabular fixaƟon is oŌen perceived to be easier to revise than cemented fixaƟon, 

largely because it does not require cement removal, there is limited empirical evidence directly comparing the 

revision complexity between fixaƟon 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 potenƟally Ɵme-consuming and associated with addiƟonal bone loss (Stevens et al., 2018). Retained 

cement fragments may complicate reaming and reconstrucƟon, parƟcularly when interdigitated with host 
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bone. These factors contribute to a percepƟon 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” facilitaƟng controlled 

removal (Maggs & Wilson, 2017). In cases where loosening has already occurred, polyethylene cemented cups 

may occasionally be removed with the cement mantel, potenƟally limiƟng 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 osseointegraƟon, porous 

coaƟngs, and screw fixaƟon may be associated with increased risk of bone loss (Goplen & Munro, 2024; Judas 

et al., 2011).  

 

In clinical pracƟce, perceived revision difficulty appears to depend more on contextual factors than fixaƟon 

method alone, including bone quality, extent of osseointegraƟon, 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 comparaƟve trials. Without robust evidence demonstraƟng 

superior revision outcomes for either fixaƟon type, shiŌs in uƟlisaƟon paƩerns should not be driven solely by 

percepƟons of revision complexity. 

8.2.4. PaƟent-reported outcomes 

Extended survival, although an essenƟal outcome, is not the only determinant of THA success. PROMs are an 

important consideraƟon in the overall success of THA. Poor quality of life, pain, and impaired funcƟon are also 

indicators of poorer outcomes (Golinelli et al., 2022). Although observaƟonal studies are limited in their ability 

to define causaƟon, they can idenƟfy associaƟons between risk factors and a response variable. This Thesis 

idenƟfied significant improvements in PROMs at 1-year post surgery, and excellent scores based on OHS 

thresholds (Kalairajah et al., 2005) consistent across the early generaƟon, modern cemented, and hybrid THA 

cohorts. These posiƟve outcomes were maintained up to 10 years, reinforcing the value of these THA opƟons 

in Bay of Plenty OA populaƟons. When comparing the modern constructs, preoperaƟve PROMs were 

significantly poorer in the hybrid compared to the modern cemented THA, yet postoperaƟve PROMs in general 

were not significantly different. As such, the improvement in PROM outcomes postoperaƟvely can appear 

superior if relying only on the change in scores from preoperaƟve, 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. PreoperaƟve paƟent-reported outcomes 

This Thesis idenƟfied that paƟent-specific factors and funding source influenced preoperaƟve status. Public 

funding, female sex, greater BMI, and higher ASA raƟng negaƟvely 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 paƟents start 

(Boyer et al., 2019). This finding recognises that dispariƟes in PROMs begin before surgery, and not necessarily 

aŌer.  
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Female sex was associated with poorer baseline funcƟonal and mental health scores, which may predispose 

them to postoperaƟve dissaƟsfacƟon (Jüni et al., 2010). Studies show that females are less likely to be referred 

to a specialist, more likely to oppose surgery due to compeƟng responsibility, and generally need more 

informaƟon before deciding on surgery (Jüni et al., 2010). Females are also likely to have higher rates of 

depression, lower back pain, and comorbidiƟes than males (Clement et al., 2020; Patel et al., 2020).  

Consistent with our observaƟons, Greene et al. (2021) idenƟfied that paƟents using public funding pathways 

for THA report poorer PROMs than those in private seƫngs. This observaƟon may be due to increased wait 

Ɵmes; however, evidence is inconsistent (Hirvonen et al., 2009). Public paƟents may also be overweight with 

higher comorbidity status (Tynkkynen & Vrangbaek, 2018). In NZ, Māori are more likely to be public paƟents 

(Reid et al., 2022). CompeƟng responsibility (prioriƟsing work and family), disrupted mana3, and systemic 

abdicaƟon may explain their under-representaƟon as THA paƟents (Bourke et al., 2023). Socioeconomic 

deprivaƟon may also represent potenƟal sources of health inequity for Māori (Loring, 2022).  

 

While indices such as ASA may be predictors of THA outcomes, they provide limited guidance for individualised 

treatment as specific condiƟons influence recovery differently (Podmore et al., 2018). Several studies highlight 

the value of documenƟng comorbidiƟes in greater detail (Jämsen et al., 2013; Podmore et al., 2018; Reisinger 

et al., 2025). Hazard raƟos are also affected by cardiac, endocrine, oncological, and mental health condiƟons in 

both univariate and mulƟvariate analysis (Jämsen 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 

comorbidiƟes may predict the poorest outcomes. 

 

8.2.4.2. PostoperaƟve paƟent-reported outcomes 

In both cemented and hybrid THA cohorts across the Chapters of this Thesis, preoperaƟve PROMs were the 

single strongest predictor of postoperaƟve 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 Ɵmepoints of 1, 5, and 10 years. This Thesis further 

demonstrates that age at surgery and ethnicity are independent predictors of postoperaƟve PROMs, with older 

age and NZ Māori associated with lower postoperaƟve scores. CollecƟvely, these findings indicate that paƟent-

level factors, rather than implant characterisƟcs alone, meaningfully shape paƟent outcomes following THA. 

For clinical pracƟce, this finding supports the use of preoperaƟve PROMs and demographic factors to idenƟfy 

paƟents at higher risk of poorer outcomes, enabling a more realisƟc expectaƟon seƫng, culturally responsive 

care, and targeted preoperaƟve support. From a systems perspecƟve, these results reinforce the need to 

include quality improvement efforts before THA, such as opƟmisaƟon of mental health, addressing comorbidity 

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

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

In this Thesis, equity emerged as a central consideraƟon in evaluaƟng outcomes following THA. Female sex, 

public funding, and Māori ethnicity were independently associated with poorer PROMs, idenƟfying groups at 

risk of less favourable PROMs. Although THA is regarded as an effecƟve procedure, women, publicly funded, 

and non-white paƟents are more likely to present with greater comorbidity burden, higher rates of 

periprostheƟc joint infecƟon, and increased revision risk (Tucker & Mont, 2023). Importantly, dispariƟes in 

outcomes persist even within insured or managed care populaƟons, indicaƟng that differences in sex and 

ethnicity are not fully explained by socioeconomic status (Okike et al., 2022). Sex, funding, and ethnicity-based 

inequiƟes in healthcare uƟlisaƟon therefore have wide-reaching implicaƟons for both individual paƟents and 

health systems (Stone et al., 2019). 

 

Public funding status reflects broader systemic inequaliƟes within the NZ health system. Publicly funded 

paƟents experience poorer pain, funcƟon, and quality of life outcomes compared with private paƟents (Pearce, 

Joshi, et al., 2025b; Snell et al., 2019). Despite increasing procedure volumes, publicly funded THA rates have 

not kept pace with populaƟon growth (Harcombe et al., 2016), potenƟally exacerbaƟng exisƟng inequiƟes in 

access and outcomes. Māori paƟents demonstrated lower uptake of THA in this region, consistent with 

naƟonal data and paƩerns 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 Māori 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 osteoarthriƟs, Māori are less likely to undergo THA and 

TKA (Gleeson, 2023). Evidence suggests that providing support to address transport and financial barriers, 

including home-based rehabilitaƟon programmes, can promote equitable outcomes for Māori (Cate et al., 

2023). Māori paƟents also frequently present with poorer preoperaƟve general health (Singleton et al., 2013), 

likely to influence postoperaƟve PROMs. A recent scoping review highlighted the need for Māori led research 

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

 

While area-level deprivaƟon indices have been associated with increased healthcare uƟlisaƟon following THA 

(Grits et al., 2022), geographic or deprivaƟon-based measures were not included in this Thesis. This decision 

was made to prioriƟse individual-level characterisƟcs 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 mulƟdimensional nature of socioeconomic status and was not 

interpreted as a direct surrogate for socioeconomic status. Nonetheless, deprivaƟon, funding status and 

ethnicity are interrelated and future analysis incorporaƟng validated deprivaƟon indices may further clarify the 

structural drivers of inequity. SystemaƟc collecƟon of baseline PROMs provides an opportunity to idenƟfy 

inequiƟes early and support equitable models of care. Expanding rouƟne PROMs collecƟon to include 
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preoperaƟve baseline PROMs within the NZJR would enable more equitable risk straƟficaƟon, targeted 

intervenƟon, and evaluaƟon of efforts to reduce disparity of THA outcomes. 

 

8.2.6. PaƟent-reported outcome model variance 

Although paƟent characterisƟcs and funding sources significantly influenced PROMs, the models explained 

only a modest porƟon (between 7 and 34%) of the variance. There are many factors affecƟng long-term pain, 

funcƟon, and saƟsfacƟon that were not quanƟfied in this Thesis, such as smoking status (Ehnert et al., 2019; 

Matharu et al., 2019; Yue et al., 2022), acƟvity level (Reine et al., 2022), medicaƟon use (Nguyen et al., 2016), 

postoperaƟve rehabilitaƟon, social determinants of health (SƟsen et al., 2024), and deprivaƟon index (Dubin et 

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

 

Smokers are reported to exhibit lower preoperaƟve scores compared to non-smokers (Khan et al., 2009; 

Matharu et al., 2019), show a greater decline in PROMs (Hesseling et al., 2019) parƟcularly between 6 months 

and 1-year (Yue et al., 2022), and exhibit an increased postoperaƟve use of painkillers and anƟ-inflammatories 

(Khan et al., 2009). PaƟents who use narcoƟcs prior to THA may be more likely to suffer from opioid-induced 

hyperalgesia aŌer surgery and have worse clinical outcomes. When possible, efforts should be made to use 

other modes of analgesia or wean paƟents from their use prior to THA (Pivec et al., 2014). PaƟents with a 

history of chronic opioid use who successfully decreased their use of opioids before surgery had substanƟally 

improved clinical outcomes that were comparable to paƟents who did not use opioids at all (Nguyen et al., 

2016). Reine et al. (2022) noted both acƟve and mildly acƟve paƟents preoperaƟvely achieved beƩer absolute 

outcomes following THA than non-acƟve paƟents. Tailoring exercise rehabilitaƟon for paƟents (SƟsen et al., 

2024) and early rehabilitaƟon lead to improvements in THA outcomes (Chojnowska et al., 2024). EducaƟon in 

the perioperaƟve period promotes guidance to perform rehabilitaƟon exercises, improves hospitalisaƟon 

experience, increases parƟcipaƟon in rehabilitaƟon, allows early mobilisaƟon, and increases funcƟonal 

potenƟal, altogether enabling faster reintegraƟon into society (Nicolau et al., 2022). These preoperaƟve factors 

are important to document, as they influence both short- and long-term outcomes in THA. CollecƟng this 

informaƟon allows for risk straƟficaƟon, personalised rehabilitaƟon and pain management, and more accurate 

interpretaƟon of baseline PROMs. PROMs are essenƟal, not opƟonal, for understanding outcomes.  

8.2.7. Cost effecƟveness 

The lack of significant differences in survival and postoperaƟve PROM outcomes raises quesƟons about the 

relaƟve value of hybrid components in the context of cost effecƟveness. Indeed, the absence of demonstrable 

survival or PROM advantage for hybrid over cemented fixaƟon has economic and policy implicaƟons, 

parƟcularly cost implicaƟons. Cemented prostheses oŌen 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 lifeƟme costs for cemented THA when revision and uƟlity outcomes are considered, although hybrid 

implants may be more cost-effecƟve 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 paƟents may 

experience persistent pain or funcƟonal limitaƟon for years without undergoing revision, generaƟng real but 

oŌen unmeasured costs to paƟents and health systems. In this context, higher implant cost cannot be jusƟfied 

without corresponding improvements in paƟent-centred outcomes or reducƟons in downstream healthcare 

uƟlisaƟon. The widespread adopƟon of hybrid fixaƟon appears to have preceded the availability of robust long-

term PROM data, highlighƟng how surgical pracƟce may evolve in response to training norms (Ryan et al., 

2022), perceived innovaƟons (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 criƟcal appraisal of 

implant value and underscore the importance of integraƟng PROMs alongside survival when evaluaƟng fixaƟon 

strategies at a populaƟon level.  

 

Cemented THA is a highly mature technology with excellent long-term survival, leaving limited scope for 

further measurable gains in pain, funcƟon, or quality of life. Any theoreƟcal biological or biomechanical 

advantages of hybrid constructs may therefore be insufficient to translate into meaningful paƟent-perceived 

benefit, parƟcularly given the ceiling effects observed in commonly used PROMs (Harris et al., 2016). In 

addiƟon, hybrid fixaƟon was preferenƟally used in younger paƟents with poorer baseline PROMs in this Thesis, 

creaƟng the appearance of greater postoperaƟve improvement despite similar end-state outcomes. Once 

baseline status was accounted for using weighted analyƟc approaches, outcome trajectories converged, 

reinforcing the conclusion that fixaƟon method did not materially influence paƟent-reported recovery.  

The results of the three PROMs studies (Chapter 4, 5, and 7) underscore the criƟcal value of regional PROMs-

rich registries in idenƟfying predictors of poorer PROMs to support more equitable, contextually informed 

arthroplasty care. CollecƟvely, these findings suggest that when specific implant constructs are examined and 

paƟent characterisƟcs appropriately accounted for, both cemented and hybrid THAs can deliver excellent long-

term survival and PROMs. Differences in outcomes appear more strongly driven by paƟent-level factors than by 

fixaƟon strategy alone. 

 

Although this Thesis cannot conclude that cemented THA is superior to hybrid, the findings challenge the 

assumpƟon 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 populaƟon examined has disƟnct 

paƟent selecƟon, funding, and demographic paƩerns. Rather than limiƟng generalisability, the disƟnct 

characterisƟcs of the NZ populaƟon provide an opportunity to examine implant performance in paƟent groups 

oŌen under-represented in clinical trials.  
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8.3. ImplicaƟons  

8.3.1. PaƟents and communiƟes 

For paƟents, the findings from this Thesis are important as revision surgery represents only one dimension of 

success following THA. Many paƟents may live for years with persistent pain, funcƟonal limitaƟon, 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 paƟent experience. This work maƩers to paƟents because it focuses on outcomes that reflect 

lived experience rather than technical success alone. PaƟents care about how they feel, not what implant they 

have. PaƟents do not experience “hybrid fixaƟon” or “cemented fixaƟon”. They experience pain, mobility, and 

ability to work, parent, sleep, and parƟcipate in life. More expensive and more commonly used implants do not 

necessarily make paƟents feel beƩer. Many paƟents may be labelled as “success” despite ongoing pain, 

sƟffness, 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 waiƟng Ɵmes, rehabilitaƟon, or support for high-risk 

paƟents. PaƟents are oŌen reassured with claims that “this is a beƩer implant”, however, their sex, ethnicity, 

baseline pain and funcƟon, comorbidiƟes, mental health, and social context maƩer more than fixaƟon strategy. 

True informed consent requires honest discussion of likely outcomes based on evidence, not markeƟng 

narraƟves. PaƟent characterisƟcs, including baseline funcƟon, exert a greater influence on postoperaƟve 

experience than fixaƟon strategy, underscoring the need for personalised decision-making and equitable 

allocaƟon of healthcare resources. PaƟents deserve treatments that improve how they live, not just how long 

an implant lasts. The promoƟon of early engagement and educaƟon about OA management and surgical 

pathways to reduce late presentaƟon with more advanced disability may improve uptake (Nicolau et al., 2022). 

Expanding culturally appropriate preoperaƟve opƟmisaƟon (both physical and mental) (Rahiri et al., 2022) and 

shared decision-making resources (Rahiri et al., 2025), especially targeted to publicly funded, female, and 

Māori paƟents, 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. SystemaƟcally 

incorporaƟng preoperaƟve PROMs into clinical consultaƟons may guide realisƟc expectaƟons and assist in 

tailoring prehabilitaƟon (van Koningsveld-Couperus et al., 2025). Using preoperaƟve PROMs to triage paƟents 

and personalise care pathways (e.g., enhanced rehabilitaƟon or psychosocial support for low baseline scores) 

may address modifiable needs without compromising Ɵmely access to surgery (Kim et al., 2017). Although 

informaƟve, the reporƟng rate of PROMs within the NZJR is not powerful enough in terms of total THA 

populaƟon representaƟon to perform comprehensive subgroup or regional comparisons. Baseline PROMs are 

currently not recorded in the registry, although the 2024 report menƟons introducing their capture in the 

future (McKie et al., 2024). Given that this Thesis demonstrates baseline PROMs predict postoperaƟve PROMs, 
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and that poor PROMs at 1 and 2 years are associated with increased revision risk (Ackerman et al., 2024; 

Eneqvist et al., 2018), baseline PROM collecƟon should be introduced to the NZJR as a maƩer of urgency.  

PaƟent factors are important to consider when providing primary THA for OA. While no significant differences 

in postoperaƟve PROMs were idenƟfied between the hybrid and cemented THA cohorts in general, paƟent 

characterisƟcs and funding models are reported to influence Ɵming of surgery, not captured in this Thesis. 

Public paƟents (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 funcƟon (Golinelli et al., 2022). 

These aspects contribute to prolonged pain and disability, reduced work parƟcipaƟon, greater psychosocial 

burden, and higher preoperaƟve risk. The complexity and risk associated with THA surgeries increase with 

higher BMI and ASA raƟngs, being associated with longer operaƟve Ɵmes, higher complicaƟon risks (Bonnefoy-

Mazure et al., 2025; Matar et al., 2020), and increased resource use, physiotherapy needs, and readmissions 

(Girardi et al., 2019) postoperaƟvely. 

 

Higher BMI and comorbidity burden influence surgical complexity, affecƟng case planning, implant selecƟon, 

and preoperaƟve opƟmisaƟon strategies (Bonnefoy-Mazure et al., 2025). Funding and service delivery models 

may also shape the extent to which preoperaƟve opƟmisaƟon is feasible, including weight management or 

pharmacological modificaƟon. Although THA is clinically effecƟve across diverse paƟent groups, access to 

Ɵmely surgery is not always equitable. Implant selecƟon alone cannot compensate for structural inequiƟes in 

access. When surgery is delayed, paƟents form disadvantaged groups may experience further funcƟonal 

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 opƟmisaƟon 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 preoperaƟve PROMs has implicaƟons beyond individual paƟent outcomes. Firstly, these variables 

reflect differences in baseline disease burden at the point of surgery, which in turn influence service 

complexity, resource uƟlisaƟon, and funding adequacy (Blashinsky et al., 2025; Orr et al., 2025). PaƟents 

entering surgery with greater funcƟonal impairment may require more intensive preoperaƟve support (Bills et 

al., 2024), longer theatre Ɵme, more complex anaestheƟc 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 proporƟons of these paƟents may therefore deliver comparable technical 

outcomes at greater operaƟonal cost.  

 

Secondly, the associaƟon between public funding status and poorer baseline funcƟon suggests structural rather 

than biological drivers. This finding has policy relevance. If funding allocaƟons are Ɵed primarily to procedural 
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volume or revision rates alone, they may fail to account for variaƟon in baseline burden. Services treaƟng 

populaƟons with higher preoperaƟve disability risk being under-resourced relaƟve to case complexity.  

Thirdly, sex-based differences in baseline PROMs raise quesƟons about symptom recogniƟon, referral 

pathways, and prioriƟsaƟon processes. Female paƟents consistently presenƟng with poorer funcƟonal 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 consideraƟons, as they point to upstream behaviour and understanding rather than implant 

performance. For policy makers, the implicaƟon is that performance frameworks should consider incorporaƟng 

baseline PROM severity into benchmarking and funding models. AdjusƟng for preoperaƟve burden may allow 

more accurate assessment of service performance and fairer allocaƟon of resources. Without this moderaƟon, 

hospitals serving higher-risk populaƟons and communiƟes may appear equivalent on paper while absorbing 

greater hidden complexity. In summary baseline PROM disparity is not simply a clinical observaƟon, it has 

implicaƟons for funding equity, workforce planning, service design, and how health systems define and 

measure fairness. 

 

Another central finding of this Thesis is that preoperaƟve PROMs are the strongest predictor of postoperaƟve 

PROMs. Baseline funcƟonal status is therefore not simply a descripƟve characterisƟc; it is a determinant of 

outcome trajectory. PaƟents who enter surgery with greater pain, disability, and funcƟonal limitaƟon are less 

likely to achieve equivalent postoperaƟve scores, even when implant survival is comparable. If baseline PROM 

severity drives postoperaƟve PROM outcomes, then dispariƟes present before surgery are likely to persist aŌer 

surgery. IncorporaƟng PROM informed prioriƟsaƟon, baseline adjusted performance metrics, and risk-adjusted 

funding models may beƩer align service planning with paƟent need. In this context, equity cannot be defined 

solely by revision rates or implant longevity, it must also consider who reaches surgery, in what condiƟon, and 

how baseline status shapes achievable outcomes. 

 

Some recommendaƟons for improving disparity include developing integrated preoperaƟve opƟmisaƟon clinics 

(mulƟdisciplinary: physiotherapy, exercise physiology, weight and comorbidity management, mental health, 

social work) prioriƟsed 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 prioriƟsaƟon may in turn inform service 

planning, resource allocaƟon, and consider funding models that incenƟvise outcome improvement (PROMs-

informed quality metrics) rather than procedure volume alone. 

8.4. RecommendaƟons 

To improve THA equitably, emphasis should move toward a deeper understanding of the paƟent’s preoperaƟve 

context. This understanding requires support for enhanced data linkage between the NZJR and primary care, 

mental health, pharmaceuƟcal, and social service datasets to idenƟfy upstream drivers of outcome variaƟons 

and evaluate targeted intervenƟons. Investment in populaƟon-level OA prevenƟon and chronic disease 

management is also needed to reduce inequiƟes entering surgical pathways. Regional PROM-rich registries are 
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uniquely posiƟoned to support this shiŌ by idenƟfying local inequiƟes, informing targeted care pathways, and 

measuring the impact of upstream changes over Ɵme. However, translaƟng registry insight into meaningful 

acƟon will require data enrichment, including greater comorbidity granularity, capture of social determinants 

of health, and pain phenotype characterisaƟon. It is also recommended to embed PROMs-triggered pathways 

within clinical decision-making and funding systems.  

 

The below proposed recommendaƟons to the NZJR may address the key limitaƟons idenƟfied in this research: 

1. Sociodemographic, regional and access factors may meaningfully shape baseline status, but are not 

rouƟnely collected. Include baseline collecƟon of PROMs as a standard. 

2. Broad comorbidity categories obscure condiƟon-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 DeprivaƟon as a marker of socioeconomic status. 

4. RouƟne collecƟon of addiƟonal predictors other than paƟent characterisƟcs that may affect THA 

outcomes to determine significance of these predictors to poorer outcomes, such as smoking, acƟvity 

level, and rehabilitaƟon access/compleƟon. 

  

Together, these addiƟons may substanƟally enhance the registry’s ability to interpret outcomes, idenƟfy 

inequiƟes, support regionally targeted intervenƟons, and inform naƟonal policy. See appendix R for detailed 

joint registry recommendaƟons. 

8.5. Strengths and limitaƟons 

Strengths and limitaƟons have been addressed within each chapter of this Thesis; however, their implicaƟons 

are best considered collecƟvely in interpreƟng the findings. Table 37 provides a chapter-by-chapter summary, 

highlighƟng how methodological decisions, data sources, and analyƟcal approaches shaped the overall 

interpretaƟon of findings across the Thesis. 

 

A major strength of this study is its populaƟon-based cohort design, capturing real-world regional data that 

enhances external validity and relevance to community and health service planning. The inclusion of both 

PROMs and survival outcomes within a single study provides comprehensive evaluaƟon of THA from both 

paƟent-centred and clinical perspecƟves. StaƟsƟcal analyses were conducted with oversight from an 

experienced biostaƟsƟcian, enhancing methodological rigour and analyƟcal 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), staƟsƟcians, and academic researchers. This collaboraƟve approach 

strengthens clinical relevance, methodological robustness, and translaƟonal potenƟal.  
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For the specific implants invesƟgated in this Thesis, over a 20-year period, ~83% of paƟents within the TOR 

registry reported at least one PROM score in each of the three PROMs tools, reflecƟng high data integrity and 

minimising response bias. The richness of the dataset enabled robust mulƟvariable modelling and subgroup 

analyses, including the exploraƟon 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 interpretaƟon of populaƟon dispariƟes. NaƟonal 

registries oŌen smooth over these nuances. Surgeons value hyper-local informaƟon that reflect their actual 

paƟent mix. 

 

This study was conducted using naƟonal registry data from the Bay of Plenty region of New Zealand, and 

findings may not be directly generalisable to other healthcare systems or populaƟons with different paƟent 

characterisƟcs, surgical indicaƟons, funding structures, or access to revision surgery. Differences in age 

distribuƟon, comorbidity burden, socioeconomic factors, and thresholds for revision may influence both 

survival and PROMs internaƟonally. The paƩerns observed in this study should be considered hypothesis-

generaƟng rather than definiƟve for other seƫngs. 

 

LimitaƟons include residual confounding, era effects, and ceiling effects in PROMs. Survival analysis is limited 

due to the small number of events. Surgeons determine whether paƟents are suitable for surgery, which 

introduces selecƟon bias. Peer-reviewed evidence indicates that surgeons differ substanƟally in their decision-

making and pracƟce paƩerns, leading to variaƟon in which paƟents are selected for surgery and the types of 

procedures performed (Keding et al., 2019).   

 

A further limitaƟon relates to potenƟal surgeon-level decision bias in the choice of revision construct. Surgeons 

may have preferenƟally selected cemented or cementless components for revision based on perceived case 

complexity, bone stock quality, or familiarity with a given fixaƟon method, rather than this choice being 

randomly distributed across paƟents. This introduces the possibility that apparent differences, or lack thereof, 

in revision outcomes between fixaƟon types partly reflect surgeon preference and case selecƟon 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 complicaƟons meeƟng clinical or radiographic criteria for "failure" result in revision: 

dislocaƟons managed successfully with closed reducƟon alone, and periprostheƟc fractures treated with 

fixaƟon rather than component exchange, would not appear in our revision-based outcome data. As a result, 

our reported rates of dislocaƟon and periprostheƟc fracture likely underesƟmate the true incidence of these 

complicaƟons, and the denominator used to calculate revision rates may not capture the full burden of 

fixaƟon-related morbidity in this cohort.  

 

A potenƟal source of bias relates to the asymmetry in revision opƟons available for the two fixaƟon modes 

following dislocaƟon. In the cementless cohort, a well-fixed but malposiƟoned or unstable shell can oŌen be 

managed with a comparaƟvely minor procedure; isolated liner or head exchange without removal of the 
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osseointegrated shell; whereas no equivalent minor revision opƟon exists for a cemented cup, where 

management of recurrent dislocaƟon typically requires either non-operaƟve measures or full cup revision with 

cement removal. This asymmetry may have introduced a surgeon-level threshold bias, whereby dislocaƟon in 

the cemented cohort was more likely to be managed conservaƟvely rather than surgically, potenƟally 

underesƟmaƟng the true revision rate for dislocaƟon in this group relaƟve to the cementless cohort.  

 

PreoperaƟve and postoperaƟve 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 overfiƫng, and reducƟon of the event to predictor raƟo, thus increasing Type II error probability. 

Only OHS scores have published thresholds for categorisaƟon; thus, further research is needed to establish 

categorisaƟon thresholds for other PROMs. Future research and the conclusion of this Thesis follow the final 

table of strengths and limitaƟons (Table 37). 

 

Femoral head material and size were not evaluated as covariates in the survival analysis, and the distribuƟon 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 proporƟon of ceramic heads differed, accounƟng 

for 15% of cases in the hybrid cohort compared with 5% in the cemented cohort. This difference introduces a 

potenƟal 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 funcƟonal outcome. The predominant head sizes 

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

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 Māori, 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 
outcomes of a cemented 
flanged cup and stem 
combination in primary total hip 
arthroplasty for osteoarthritis 
(TOR) 

• 
 
 
 

• 
 

• 
 
 

• 
 

• 

90% of surgeries performed by one 
surgeon performed in the same three 
hospitals limiting select confounders 
 
Population-based cohort (n = 263) 
 
High PROMs completeness and data 
richness (73%) 
 
Explored four WOMAC subcategories 
 
First extended study of this implant outside 
of a design centre 

• 
 
 

• 
 
 

• 
 
 

• 
 

• 
 
 

• 
 
  

ObservaƟonal nature of the study precludes causal 
inferences 
 
Relatively small sample size due to extended time 
period to 15 years, with smaller subgroups 
 
Residual and unmeasured confounding (surgical 
approach, rehabilitation adherence) 
 
Modest explanatory power of models 
 
Broad comorbidity classification may not accurately 
reflect disease severity 

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 

• 
 
 

• 
 

• 
 

• 

• 

 

• 

ObservaƟonal 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 
(Māori 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 PROMs 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 
 
StaƟsƟcian oversight of analyses 
 
Co-design of research with TOR 
 
Interdisciplinary team (orthopaedic 
surgeons, allied health professionals i.e. 
physiotherapist and clinical exercise 
physiologist, staƟsƟcians, 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 paƟent 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, incorporaƟng both long-term survival and PROMs. AddiƟonal paƟent-level 

predictors such as smoking status, physical acƟvity and addiƟonal comorbidity detail should be included to 

understand addiƟonal factors that may influence THA outcomes. InvesƟgaƟon of Ɵme from diagnosis to 

surgery and disparity among publicly funded paƟents is warranted to clarify the impact of delayed access on 

recovery, funcƟonal outcomes, and health equity. Dedicated research addressing lower uƟlisaƟon among 

Māori as well as gender-related differences in access and outcomes is needed to idenƟfy structural and cultural 

barriers to care. Finally, future studies should move beyond revision as the sole indicator of success or failure, 

incorporaƟng broader surgical endpoints and paƟent-centred outcomes to more fully capture meaningful 

failure following THA. Future studies would benefit from capturing all-cause complicaƟon data including non-

operaƟvely managed dislocaƟons and fracture fixaƟons 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 

fixaƟon-related morbidity and reduce the influence of surgeon-level treatment selecƟon on reported 

outcomes. 

8.7. Conclusion 

This thesis evaluated implant survival and PROMs following a modern cemented and hybrid THA within a 

regional NZ populaƟon. Across the two THA types studied, no significant difference was observed in survival or 

PROMs. These finding challenge the assumpƟon that hybrid constructs confer superior paƟent-centred benefit 

and suggest that, within this context, fixaƟon strategy does not independently determine funcƟonal recovery 

of implant longevity. Importantly, while implant survival was not significantly different between the modern 

cemented and hybrid THA and between paƟent subgroups, baseline PROMs consistently shaped postoperaƟve 

PROM trajectories. PreoperaƟve PROMs were the strongest predictor of postoperaƟve PROMs, and higher BMI, 

greater comorbidity burden, female sex, and public funding status were associated with poorer baseline 

PROMs. These findings indicate that funcƟonal outcomes aŌer THA in this cohort, are influenced more strongly 

by paƟent factors than by THA type. 

 

The absence of survival or PROM advantage of the hybrid over the modern cemented THA, despite higher 

uƟlisaƟon and cost in many systems, raises quesƟons about value-based decision making in arthroplasty. The 

widespread adopƟon of hybrid THAs may reflect historical pracƟce paƩerns, perceived technological 

advantages, and selecƟon effects rather than demonstrable superiority in paƟent-centred outcomes. In a high 

performing cemented environment, the potenƟal 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 paƟent characterisƟcs exerted a more substanƟal 

influence on perceived recovery. Future work should prioriƟse naƟonal level baseline PROMs collecƟon and 
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interpretaƟon, long-term PROM surveillance over 10 years, equity informed service planning and invesƟgaƟon 

of possible addiƟonal outcome predictors. 

 

 



167 
 

References 

Abdulkarim, A., Ellanti, P., Motterlini, N., Fahey, T., & O’Byrne, J. M. (2013). Cemented versus uncemented 
fixation in total hip replacement: A systematic review and meta-analysis of randomized 
controlled trials. Orthopedic Reviews, 5(1), e8-e8. https://doi.org/10.4081/or.2013.e8  

Ackerman, I. N., Cashman, K., Lorimer, M., Heath, E., & Harris, I. A. (2024). Hip-specific and generic 
patient-reported outcome measure scores after primary hip replacement are associated with 
early revision surgery: a national registry study. Journal of Patient Reported Outcomes, 8(1), 34. 
https://doi.org/10.1186/s41687-024-00713-z  

Agarwal, N., To, K., & Khan, W. (2021). Cost eƯectiveness analyses of total hip arthroplasty for hip 
osteoarthritis: A PRISMA systematic review. International Journal of Clinical Practice, 75(2), 
e13806-e13806. https://doi.org/10.1111/ijcp.13806  

Almeida, P. R., Macpherson, G. J., Simpson, P., Gaston, P., & Clement, N. D. (2025). The use of highly 
porous 3-D-printed titanium acetabular cups in revision total hip arthroplasty: A systematic 
review and meta-analysis. Journal of Clinical Medicine, 14(3). 
https://doi.org/10.3390/jcm14030938  

Alvarez, P., McKeon, J., Spitzer, A., Krueger, C., Pigott, M., Li, M., & Vajapey, S. (2022a). Race, utilization, 
and outcomes in total hip and knee arthroplasty: A systematic review on health-care disparities. 
Journal of Bone and Joint Surgery Reviews, 10(3). https://doi.org/10.2106/JBJS.RVW.21.00161  

Alvarez, P., McKeon, J., Spitzer, A., Krueger, C., Pigott, M., Li, M., & Vajapey, S. (2022b). Socioeconomic 
factors aƯecting outcomes in total knee and hip arthroplasty: A systematic review on healthcare 
disparities. Arthroplasty, 4(1), 36. https://doi.org/10.1186/s42836-022-00137-4  

Appiah, K. O. B., Khunti, K., Kelly, B. M., Innes, A. Q., Liao, Z., Dymond, M., Middleton, R. G., Wainwright, T. 
W., Yates, T., & Zaccardi, F. (2023). Patient-rated satisfaction and improvement following hip and 
knee replacements: Development of prediction models. Journal of Evaluation in Clinical 
Practice, 29(2), 300-311. https://doi.org/10.1111/jep.13767  

Aspari, A. R., & Lakshman, K. (2018). EƯects of pre-operative psychological status on post-operative 
recovery: A prospective study. World Journal of Surgery, 42(1), 12-18. 
https://doi.org/10.1007/s00268-017-4169-2  

Assessing your weight | Healthy weight, nutrition, and physical activity | CDC.  
https://www.cdc.gov/healthyweight/assessing/index.html 

Baji, P., Palmer, C., Moore, A., Whitehouse, M. R., Evans, J. T., Blom, A. W., Reed, M., Sochart, D. H., & 
Marques, E. M. R. (2025). Patient characteristics and other factors influencing fixation type in 
primary total hip arthroplasty: National survey among UK orthopaedic surgeons to inform hippy 
trial. Orthopaedic Proceedings, 107-B(SUPP_2), 37-37. https://doi.org/10.1302/1358-
992x.2025.2.037  

Baker, P. N., Jeyapalan, R., & Jameson, S. S. (2023). The value of national arthroplasty registry data in 
2023. The Bone & Joint Journal, 105-B(4), 356-360. https://doi.org/10.1302/0301-620X.105B4.BJJ-
2022-1190.R2  

Barakat, N., & Browne, J. A. (2025). Is Bone Cement Implantation Syndrome actually caused by cement? A 
systematic review of the literature using the Bradford-Hill criteria. Journal of Arthroplasty, 
40(8S1), S353-S359. https://doi.org/10.1016/j.arth.2025.01.039  

Baryeh, K., Wang, C., & Sochart, D. H. (2023). Periprosthetic femoral fractures around the original 
cemented polished triple-tapered C-stem femoral implant: a consecutive series of 500 primary 
total hip arthroplasties with an average follow-up of 15 years. Archives of Orthopaedic and 
Trauma Surgery, 143(7), 4511-4518. https://doi.org/10.1007/s00402-022-04712-x  

Baumhauer, J. F., & Bozic, K. J. (2016). Value-based healthcare: Patient-reported outcomes in clinical 
decision making. Clinical Orthopaedics and Related Research, 474(6), 1375-1378. 
https://doi.org/10.1007/s11999-016-4813-4  

Bayliss, L. E., Culliford, D., Monk, A. P., Glyn-Jones, S., Prieto-Alhambra, D., Judge, A., Cooper, C., Carr, A. 
J., Arden, N. K., Beard, D. J., & Price, A. J. (2017). The eƯect of patient age at intervention on risk of 
implant revision after total replacement of the hip or knee: A population-based cohort study. 
Lancet, 389(10077), 1424-1430. https://doi.org/10.1016/s0140-6736(17)30059-4  

Beard, D. J., Harris, K., Dawson, J., Doll, H., Murray, D. W., Carr, A. J., & Price, A. J. (2015). Meaningful 
changes for the Oxford hip and knee scores after joint replacement surgery. Journal of Clinical 
Epidemiology, 68(1), 73-73. https://doi.org/10.1016/J.JCLINEPI.2014.08.009  



168 
 

Benyamini, B., Emara, A. K., Pasqualini, I., Ibaseta, A., Klika, A. K., Khan, S. T., Zielinski, M. R., Adult 
Reconstruction Research, C. C., & Piuzzi, N. S. (2025). Mapping the importance of each 
individual element accounted by HOOS and VR-12 on 1-year patient satisfaction after primary 
total hip arthroplasty: A prospective institutional analysis. European Journal of Orthopaedic 
Surgery and Traumatology, 35(1), 209. https://doi.org/10.1007/s00590-025-04311-7  

Besong, A. A., Tipper, J. L., Ingham, E., Stone, M. H., Wroblewski, B. M., & Fisher, J. (1998). Quantitative 
comparison of wear debris from UHMWPE that has and has not been sterilised by gamma 
irradiation. Journal of Bone and Joint Surgery, 80(2), 340-344. https://doi.org/10.1302/0301-
620x.80b2.8234  

Bills, E. R., Dimopoulos, A., Burke, A. L., Collins, K. L., Linedale, E. C., Hume, V., Yeoh, J., Coles, S., Nolan, 
M., Southam, K., Thomas, L., Ramsey, M., & Andrews, J. M. (2024). Opportunities to optimise care 
and choice in joint replacement surgery using a digitally delivered, holistic PreHab pathway. 
Journal of Orthopaedic Surgery (Hong Kong), 32(2), 10225536241234032. 
https://doi.org/10.1177/10225536241234032  

Bissias, C., Kaspiris, A., Kalogeropoulos, A., Papoutsis, K., Natsioulas, N., Barbagiannis, K., 
Papagelopoulos, P. J., & Savvidou, O. D. (2021). Factors aƯecting the incidence of postoperative 
periprosthetic fractures following primary and revision hip arthroplasty: A systematic review and 
meta-analysis. Journal of Orthopaedic Surgery and Research, 16(1), 15. 
https://doi.org/10.1186/s13018-020-02152-0  

Blashinsky, Z. A., Helbig, S., Lamy, C., Barengo, N. C., Seetharamaiah, R., & Ruiz-Pelaez, J. (2025). 
Identification of prognostic factors related to morbidity, mortality, and increased healthcare 
expenditure following surgery for femoral fracture or hip arthroplasty. Cureus, 17(5), e84056. 
https://doi.org/10.7759/cureus.84056  

Bloemheuvel, E. M., Van Steenbergen, L. N., & Swierstra, B. A. (2022). Comparable mortality but higher 
revision rate after uncemented compared with cemented total hip arthroplasties in patients 80 
years and older: Report of 43,053 cases of the Dutch Arthroplasty Register. Acta Orthopaedica, 
93, 151-157. https://doi.org/10.2340/17453674.2021.886  

Bonnefoy-Mazure, A., Dellagiovanna, D., Barea, C., Hannouche, D., & Lubbeke, A. (2025). Association of 
preoperative health status with risk of complications after primary total hip arthroplasty: How 
useful are the measures self-rated health, ASA classification and comorbidity count? BMC 
Musculoskeletal Disorders, 26(1), 646. https://doi.org/10.1186/s12891-025-08745-2  

Boote, A. T., Deehan, D. J., Rankin, K. S., Swailes, D. C., & Hyde, P. J. (2022). The addition of a flange does 
not improve the pressure generated during cemented acetabular cup implantation. Journal of 
Biomedical Materials Research Part B: Applied Biomaterials, 110(10), 2290-2298. 
https://doi.org/10.1002/jbm.b.35077  

BorkhoƯ, C. M., Hawker, G. A., & Wright, J. G. (2011). Patient gender aƯects the referral and 
recommendation for total joint arthroplasty. Clinical Orthopaedics and Related Research 469, 
1829-1837. https://doi.org/10.1007/s11999-011-1879-x  

Bota, N. C., Nistor, D. V., Caterev, S., & Todor, A. (2021). Historical overview of hip arthroplasty: From 
humble beginnings to a high-tech future. Orthopaedic Reviews (Pavia), 13(1), 8773. 
https://doi.org/10.4081/or.2021.8773  

Bourke, J. A., Owen, H. E., Derrett, S., & Wyeth, E. H. (2023). Disrupted mana and systemic abdication: 
Maori qualitative experiences accessing healthcare in the 12 years post-injury. BMC Health 
Services Research, 23(1), 130. https://doi.org/10.1186/s12913-023-09124-0  

Boyer, B., Bordini, B., Caputo, D., Neri, T., Stea, S., & Toni, A. (2019). What are the influencing factors on 
hip and knee arthroplasty survival? Prospective cohort study on 63619 arthroplasties. 
Orthopaedics & Traumatology, Surgery & Research, 105(7), 1251-1256. 
https://doi.org/10.1016/j.otsr.2019.07.020  

Boyle, A. B., Zhu, M., Frampton, C., Poutawera, V., & Vane, A. (2023). Comparing modern uncemented, 
hybrid and cemented implant combinations in older patients undergoing primary total hip 
arthroplasty. A New Zealand Joint Registry study. Archives of Orthopaedic and Trauma Surgery, 
143(6), 3597-3604. https://doi.org/10.1007/s00402-022-04610-2  

Boyle, A. B., Zhu, M., Frampton, C., Vane, A., & Poutawera, V. (2022). Comparing uncemented, hybrid and 
cemented primary total hip arthroplasty in young patients. A New Zealand Joint Registry study. 
Archives of Orthopaedic and Trauma Surgery, 142(9), 2371-2380. 
https://doi.org/10.1007/S00402-021-04085-7  



169 
 

Bozic, K. J., Kurtz, S. M., Lau, E., Ong, K., Vail, T. P., & Berry, D. J. (2009). The epidemiology of revision total 
hip arthroplasty in the United States. J Bone Joint Surg Am, 91(1), 128-133. 
https://doi.org/10.2106/JBJS.H.00155  

Bracco, P., & Oral, E. (2011). Vitamin E-stabilized UHMWPE for total joint implants: A review. Clinical 
Orthopaedic Related Research, 469(8), 2286-2293. https://doi.org/10.1007/s11999-010-1717-6  

Brach Del Prever, E. M., Bistolfi, A., Bracco, P., & Costa, L. (2009). UHMWPE for arthroplasty: past or 
future? Journal of Orthopaedics and Traumatology, 10(1), 1-8. https://doi.org/10.1007/s10195-
008-0038-y  

Brauer, C. A., Rosen, A. B., Olchanski, N. V., & Neumann, P. J. (2005). Cost-utility analyses in orthopaedic 
surgery. Journal of Bone and Joint Surgery. American volume, 87(6), 1253-1259. 
https://doi.org/10.2106/JBJS.D.02152  

Brennan, S. E., & Johnston, R. V. (2023). Research Note: Interpreting findings of a systematic review using 
GRADE methods. Journal of Physiotherapy, 69(3), 198-202. 
https://doi.org/10.1016/j.jphys.2023.05.012  

Brokke, K. E., Graman, M., Servaas, S., Sierevelt, I. N., Steegers, M. A. H., & Nolte, P. A. (2025). Bone 
cement implantation syndrome: A scoping review. British Journal of Anaesthesia, 135(4), 1038-
1050. https://doi.org/10.1016/j.bja.2025.05.041  

Burns, L. R., Housman, M. G., Booth, R. E., Jr., & Koenig, A. (2009). Implant vendors and hospitals: 
competing influences over product choice by orthopedic surgeons. Health Care Management 
Review, 34(1), 2-18. https://doi.org/10.1097/01.HMR.0000342984.22426.ac  

Burt, J. B., A.; Hall, A.J.; Clarke, J.V.; Walmsley, P. (2024). The Scottish arthroplasty project: Scotland's 
approach to a National Joint Registry. Orthopaedics and Trauma, 38(3), 130-136. 
https://doi.org/10.1016/j.mporth.2024.03.003  

Call, C. M., Lachance, A. D., Zink, T. M., Stoddard, H., Babikian, G. M., Rana, A. J., & McGrory, B. J. (2025). 
Variation in demographics, hospital, and patient-reported outcomes following total hip 
arthroplasty according to biological sex. Journal of Arthroplasty, 40(1), 127-135 e121. 
https://doi.org/10.1016/j.arth.2024.06.063  

Campbell, A., Emara, A. K., Klika, A., & Piuzzi, N. S. (2021). Does implant selection aƯect patient-reported 
outcome measures after primary total hip arthroplasty? The Journal of Bone and Joint Surgery. 
American volume, 103(24), 2306-2317. https://doi.org/10.2106/JBJS.20.01931  

Campbell, D. G., & Callary, S. A. (2022). Highly Crosslinked Polyethylene Liners Have Negligible Wear at 
10 Years: A Radiostereometric Analysis Study. Clinical orthopaedics and related research, 
480(3), 485-491. https://doi.org/10.1097/CORR.0000000000002002  

Campbell, D. G., Field, J. R., & Callary, S. A. (2010). Second-generation highly cross-linked X3™ 
polyethylene wear: A preliminary radiostereometric analysis study. Clinical Orthopaedics and 
Related Research, 468(10), 2704-2709. https://doi.org/10.1007/S11999-010-1259-Y/FIGURES/2  

Campbell, P., Ma, S., Yeom, B., McKellop, H., Schmalzried, T. P., & Amstutz, H. C. (1995). Isolation of 
predominantly submicron-sized UHMWPE wear particles from periprosthetic tissues. J Biomed 
Mater Res, 29(1), 127-131. https://doi.org/10.1002/jbm.820290118  

Castagnini, F., Bordini, B., Cosentino, M., Pardo, F., Gorgone, M., & Traina, F. (2024). Modern cementless 
acetabular cups in total hip arthroplasty performed for primary osteoarthritis: a comparative 
registry study. Arch Orthop Trauma Surg. https://doi.org/10.1007/s00402-024-05573-2  

Cate, L., Giles, N., & van der Werf, B. (2023). Equity of Maori access to the orthopaedic rehabilitation 
service of the Bay of Plenty: A cross-sectional survey. NZ Medical Journal, 136(1581), 44-50. 
https://doi.org/10.26635/6965.6012  

CeramTec. (2025). About Bearings and Hip Procedures: What Registries say. Retrieved 19/10/2025 from 
https://www.ceramtec-medical.com/en/infocenter/ceranews/outcomes-research/about-
bearings-and-hip-procedures-what-registries-say? 

Chami, J., Nicholson, C., Strange, G., Cordina, R., & Celermajer, D. S. (2021). National and regional 
registries for congenital heart diseases: Strengths, weaknesses and opportunities. International 
Journal of Cardiology, 338, 89-94. https://doi.org/10.1016/j.ijcard.2021.05.007  

Charnley, J. (1961). Arthroplasty of the hip. A new operation. Lancet, 1(7187), 1129-1132. 
https://doi.org/10.1016/s0140-6736(61)92063-3  

Charnley, J. (1972). The long-term results of low-friction arthroplasty of the hip performed as a primary 
intervention. Journal of Bone and Joint Surgery, 54(1), 61-76. 
https://www.ncbi.nlm.nih.gov/pubmed/5011747  



170 
 

Chatziagorou, G., Lindahl, H., & Karrholm, J. (2019). The design of the cemented stem influences the risk 
of Vancouver type B fractures, but not of type C: An analysis of 82,837 Lubinus SPII and Exeter 
Polished stems. Acta Orthopaedica, 90(2), 135-142. 
https://doi.org/10.1080/17453674.2019.1574387  

Cheng, H. Y., Beswick, A. D., Bertram, W., Siddiqui, M. A., Gooberman-Hill, R., Whitehouse, M. R., & 
Wylde, V. (2025). What proportion of people have long-term pain after total hip or knee 
replacement? An update of a systematic review and meta-analysis. BMJ Open, 15(5), e088975. 
https://doi.org/10.1136/bmjopen-2024-088975  

Chi, H., Woolley, K. A., Allahabadi, S., Fluet, A., Roach, C., Ward, D. T., & Wong, S. E. (2024). Sex-based 
diƯerences in patient perspectives and experiences with shoulder, hip, and knee arthroplasty. 
Journal of the American Academy of Orthopaedic Surgeons: Global Research & Reviews, 8(4). 
https://doi.org/10.5435/JAAOSGlobal-D-24-00083  

Chojnowska, J., Lewko, J., Chilinska, J., Cybulski, M., Pogroszewska, W., Krajewska-Kulak, E., & 
Sierzantowicz, R. (2024). The impact of early rehabilitation and the acceptance of the disease on 
the quality of life of patients after hip arthroplasty: An observational study. Journal of Clinical 
Medicine, 13(10). https://doi.org/10.3390/jcm13102902  

Chung, J. Y., Cha, Y., Jung, C. H., Kim, J. W., Yoo, J. I., Kim, J. T., & Jeon, Y. (2025). Powered tool for the 
removal of a well-fixed acetabular cup: A comparative experimental study. Clinical Orthopaedic 
Surgery, 17(3), 372-380. https://doi.org/10.4055/cios24076  

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

Clement, N. D., Bardgett, M., Merrie, K., Furtado, S., Bowman, R., Deehan, D. J., Holland, J., & Langton, D. 
J. (2019). Cemented exeter total hip arthroplasty with a 32 mm head on highly crosslinked 
polyethylene does age influence functional outcome, satisfaction, activity, stem migration, and 
periprosthetic bone mineral density? Bone and Joint Research, 8(6), 275-287. 
https://doi.org/10.1302/2046-3758.86.BJR-2018-0300.R1  

Clement, N. D., Biant, L. C., & Breusch, S. J. (2012). Total hip arthroplasty: To cement or not to cement the 
acetabular socket? A critical review of the literature. Archives of Orthopaedic and Trauma 
Surgery, 132(3), 411-427. https://doi.org/10.1007/s00402-011-1422-2  

Clement, N. D., Weir, D., Holland, J., & Deehan, D. J. (2020). Sex does not clinically influence the 
functional outcome of total knee arthroplasty but females have a lower rate of satisfaction with 
pain relief. Knee Surgery & Related Research, 32(1), 1-7. https://doi.org/10.1186/S43019-020-
00048-1/TABLES/5  

Cohen-Levy, W. B., Lans, J., Salimy, M. S., Melnic, C. M., & Bedair, H. S. (2022). The Significance of 
Race/Ethnicity and Income in Predicting Preoperative Patient-Reported Outcome Measures in 
Primary Total Joint Arthroplasty. Journal of Arthroplasty, 37(7), S428-S433. 
https://doi.org/10.1016/J.ARTH.2022.02.041  

Cole, S., Fabiano, G., Barea, C., Cullati, S., Agoritsas, T., Gutacker, N., Silman, A. J., Hannouche, D., 
Lubbeke, A., & Pinedo-Villanueva, R. (2025). Activity outcomes after hip arthroplasty: an 
information tool based on patients' experience captured in a hospital registry. BMC 
Musculoskeletal Disorders, 26(1), 804. https://doi.org/10.1186/s12891-025-09024-w  

D'Antonio, J., Capello, W. N., & Ramakrishnan, R. (2016). Once annealed highly cross-linked polyethylene 
exhibits low wear at 9 to 15 years. Orthopedics, 39(3), e565-571. 
https://doi.org/10.3928/01477447-20160414-03  

D'Antonio, J. A., Capello, W. N., Mesko, J. W., & Ramakrishnan, R. (2014). Second-generation annealed 
highly crosslinked polyethylene has low wear at mean seven year follow-up. Surgical Technology 
International, 25, 219-226. https://www.ncbi.nlm.nih.gov/pubmed/25433177  

D'Antonio, J. A., Capello, W. N., & Ramakrishnan, R. (2012). Second-generation annealed highly cross-
linked polyethylene exhibits low wear. Clinical Orthopaedics and Related Research, 470(6), 
1696-1704. https://doi.org/10.1007/s11999-011-2177-3  

Daher, M., Mekhael, E., & El-Othmani, M. M. (2024). Total hip arthroplasty in patients with hip 
osteoporosis: A narrative review. Hip & Pelvis, 36(4), 260-272. 
https://doi.org/10.5371/hp.2024.36.4.260  



171 
 

Daoub, A., Qayum, M. K., Al-Hashimi, K. A., & Clark, D. (2022). A rare case of a fractured exeter V40 stem 
in revision hip arthroplasty. Journal of Orthopaedic Case Reports, 12(4), 101. 
https://doi.org/10.13107/JOCR.2022.V12.I04.2786  

Darden, A. P., Deckard, E. R., & Meneghini, R. M. (2025). The Association of Jumbo Femoral Heads and 
Acetabular Cup Position on Patient Outcomes After Modern Posterior Approach Total Hip 
Arthroplasty. J Arthroplasty, 40(8), 2066-2072. https://doi.org/10.1016/j.arth.2025.01.020  

Davis, A. M., Wood, A. M., Keenan, A. C., Brenkel, I. J., & Ballantyne, J. A. (2011). Does body mass index 
aƯect clinical outcome post-operatively and at five years after primary unilateral total hip 
replacement performed for osteoarthritis? A multivariate analysis of prospective data. The 
Journal of Bone and Joint Surgery. British Volume, 93(9), 1178-1182. 
https://doi.org/10.1302/0301-620X.93B9.26873  

Deckey, D. G., Verhey, J. T., Christopher, Z. K., Gerhart, C. R. B., Clarke, H. D., Spangehl, M. J., & Bingham, 
J. S. (2023). Discordance abounds in Minimum Clinically Important DiƯerences in THA: A 
systematic review. Clinical Orthopaedics and Related Research., 481(4), 702-714. 
https://doi.org/10.1097/CORR.0000000000002434  

Diaz Dilernia, F., Bohm, E., & Wood, G. C. A. (2025). High variability in the use of cement for femoral stem 
fixation in hip fractures: An analysis of the Canadian Joint Replacement Registry. Journal of 
Clinical Medicine, 14(15). https://doi.org/10.3390/jcm14155463  

Dobbs, H. S. (1980). Survivorship of total hip replacements. The Journal of Bone and Joint Surgery. British 
Volume. Series B, 62(2), 168-173. https://doi.org/10.1302/0301-620X.62B2.7364829  

Donaldson, A. J., Thomson, H. E., Harper, N. J., & Kenny, N. W. (2009). Bone cement implantation 
syndrome. Br J Anaesth, 102(1), 12-22. https://doi.org/10.1093/bja/aen328  

Dubin, J. A., Bains, S. S., Hameed, D., Monarrez, R., Gilmor, R., Chen, Z., Nace, J., & Delanois, R. E. (2024). 
The Utility of the Area Deprivation Index in Assessing Complications After Total Joint Arthroplasty. 
Journal of Bone and Joint Surgery Open Access, 9(2). https://doi.org/10.2106/JBJS.OA.23.00115  

Dumbleton, J. H., Wang, A., Sutton, K., & Manley, M. T. (2009). Highly Crosslinked and Annealed 
UHMWPE. UHMWPE Biomaterials Handbook, 205-219. https://doi.org/10.1016/B978-0-12-
374721-1.00014-6  

Ehnert, S., Aspera-Werz, R. H., Ihle, C., Trost, M., Zirn, B., Flesch, I., Schroter, S., Relja, B., & Nussler, A. K. 
(2019). Smoking dependent alterations in bone formation and inflammation represent major risk 
factors for complications following total joint arthroplasty. Journal of Clinical Medicine, 8(3). 
https://doi.org/10.3390/jcm8030406  

Eneqvist, T., Nemes, S., Bulow, E., Mohaddes, M., & Rolfson, O. (2018). Can patient-reported outcomes 
predict re-operations after total hip replacement? International Orthopaedics, 42(2), 273-279. 
https://doi.org/10.1007/s00264-017-3711-z  

Epinette, J. A., & Jolles-Haeberli, B. M. (2016). Comparative Results From a National Joint Registry Hip 
Data Set of a New Cross-Linked Annealed Polyethylene vs Both Conventional Polyethylene and 
Ceramic Bearings. Journal of Arthroplasty, 31(7), 1483-1491. 
https://doi.org/10.1016/j.arth.2015.12.041  

Erivan, R., Villatte, G., Lecointe, T., Mulliez, A., Descamps, S., & Boisgard, S. (2019). Long-term survival of 
hybrid total hip arthroplasty with the uncemented CLS cup, cemented Muller cobalt-chromium 
stem, and 28-mm Metasul bearings: Retrospective review of 115 hips after a minimum of 17.8 
years. Orthopaedics & Traumatology: Surgery & Research, 105(7), 1289-1295. 
https://doi.org/10.1016/j.otsr.2019.06.019  

Eun, Y., Yoo, J. E., Han, K., Kim, D., Lee, K. N., Lee, J., Lee, D. Y., Lee, D. H., Kim, H., & Shin, D. W. (2022). 
Female reproductive factors and risk of joint replacement arthroplasty of the knee and hip due to 
osteoarthritis in postmenopausal women: A nationwide cohort study of 1.13 million women. 
Osteoarthritis and Cartilage, 30(1), 69-80. https://doi.org/10.1016/j.joca.2021.10.012  

Evans, J. T., Evans, J. P., Walker, R. W., Blom, A. W., Whitehouse, M. R., & Sayers, A. (2019). How long does 
a hip replacement last? A systematic review and meta-analysis of case series and national 
registry reports with more than 15 years of follow-up. The Lancet, 393(10172), 647-654. 
https://doi.org/10.1016/S0140-6736(18)31665-9  

Evans, J. T., Salar, O., Whitehouse, S. L., Sayers, A., Whitehouse, M. R., Wilton, T., Hubble, M. J. W., & 
Exeter Hip Research, G. (2023). Survival of the Exeter V40 short revision (44/00/125) stem when 
used in primary total hip arthroplasty. The Bone & Joint Journal, 105-B(5), 504-510. 
https://doi.org/10.1302/0301-620X.105B5.BJJ-2022-1124.R1  



172 
 

Exeter X3 RimFit Socket. (2025).  Which Medical Device. Retrieved 17/06/2025 from 
https://www.whichmedicaldevice.com/by-manufacturer/68/638/exeter-x3-rimfit-socket 

Faber, J., & Fonseca, L. M. (2014). How sample size influences research outcomes. Dental Press Journal 
of Orthodontics, 19(4), 27-29. https://doi.org/10.1590/2176-9451.19.4.027-029.ebo  

Fagotti, L., Falotico, G. G., Maranho, D. A., Ayeni, O. R., Ejnisman, B., Cohen, M., & Astur, D. C. (2021). 
Posterior versus anterior approach to total hip arthroplasty: A systematic review and meta-
analysis of randomized controlled trials. Acta Ortopedica Brasileira, 29(6), 297-303. 
https://doi.org/10.1590/1413-785220212906244610  

Faris, P. M., Ritter, M. A., Keating, E. M., Thong, A. E., Davis, K. E., & Meding, J. B. (2006). The cemented all-
polyethylene acetabular cup: factors aƯecting survival with emphasis on the integrated 
polyethylene spacer: an analysis of the eƯect of cement spacers, cement mantle thickness, and 
acetabular angle on the survival of total hip arthroplasty. J Arthroplasty, 21(2), 191-198. 
https://doi.org/10.1016/j.arth.2005.04.030  

Ferrari, A. J., Santomauro, D. F., Aali, A., Abate, Y. H., Abbafati, C., Abbastabar, H., Abd ElHafeez, S., 
Abdelmasseh, M., Abd-Elsalam, S., Abdollahi, A., Abdullahi, A., Abegaz, K. H., Abeldaño Zuñiga, 
R. A., Aboagye, R. G., Abolhassani, H., Abreu, L. G., Abualruz, H., Abu-Gharbieh, E., Abu-Rmeileh, 
N. M. E.,…Murray, C. J. L. (2024). Global incidence, prevalence, years lived with disability (YLDs), 
disability-adjusted life-years (DALYs), and healthy life expectancy (HALE) for 371 diseases and 
injuries in 204 countries and territories and 811 subnational locations, 1990-2021: A systematic 
analysis for the Global Burden of Disease Study 2021. The Lancet, 403(10440), 2133-2161. 
https://doi.org/10.1016/S0140-6736(24)00757-8  

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

Gagnier, J. J., Huang, H., Mullins, M., Marinac-Dabic, D., Ghambaryan, A., EloƯ, B., Mirza, F., & Bayona, M. 
(2018). Measurement properties of patient-reported outcome measures used in patients 
undergoing total hip arthroplasty: A systematic review. The Journal of Bone and Joint Surgery 
Reviews, 6(1), e2. https://doi.org/10.2106/JBJS.RVW.17.00038  

Galea, V. P., Rojanasopondist, P., Ingelsrud, L. H., Troelsen, A., Rubash, H. E., Bragdon, C., Malchau, H., & 
Huddleston, J. I. (2019). Longitudinal changes in patient-reported outcome measures following 
total hip arthroplasty and predictors of deterioration during follow-up: A seven-year prospective 
international multicentre study. The Bone & Joint Journal, 101 B(7), 768-778. 
https://doi.org/10.1302/0301-620X.101B7.BJJ-2018-1491.R1  

Garbuz, D. S., Xu, M., & Sayre, E. C. (2006). Patients' Outcome After Total Hip Arthroplasty: A Comparison 
Between the Western Ontario and McMaster Universities Index and the Oxford 12-item Hip 
Score. Journal of Arthroplasty, 21(7), 998-1004. https://doi.org/10.1016/J.ARTH.2006.01.014  

Girardi, F. M., Liu, J., Guo, Z., Valle, A. G. D., MacLean, C., & Memtsoudis, S. G. (2019). The impact of 
obesity on resource utilization among patients undergoing total joint arthroplasty. International 
Orthopaedics, 43(2), 269-274. https://doi.org/10.1007/s00264-018-4059-8  

Gjertsen, J. E., Nilsen, D., Furnes, O., Hallan, G., Kroken, G., Dybvik, E., & Fenstad, A. M. (2024). Promoting 
cemented fixation of the femoral stem in elderly female hip arthroplasty patients and elderly hip 
fracture patients: A retrospective cohort study from the Norwegian Arthroplasty Register and the 
Norwegian Hip Fracture Register. Acta Orthopaedica, 95, 130-137. 
https://doi.org/10.2340/17453674.2024.40073  

Gleeson, C., Zhu, M., Frampton, C., Young, S., Poutawera, V., & Mutu-Grigg, J. (2023). Ethnic diƯerences in 
the utilization and outcome of patients undergoing total hip and knee arthroplasty in New 
Zealand. The New Zealand Orthopaedic Association and the Australian Orthopaedic Association 
(NZOA AOA) Combined Annual Scientific Meeting, Christchurch, New Zealand, 31 October – 3 
November 2022. 

Goldberg, V. M., Ninomiya, J., Kelly, G., & Kraay, M. (1996). Hybrid total hip arthroplasty: A 7- to 11-year 
followup. Clinical Orthopaedics and Related Research(333), 147-154.  

Golinelli, D., Grassi, A., Tedesco, D., Sanmarchi, F., Rosa, S., Rucci, P., Amabile, M., Cosentino, M., 
Bordini, B., Fantini, M. P., & ZaƯagnini, S. (2022). Patient reported outcomes measures (PROMs) 
trajectories after elective hip arthroplasty: A latent class and growth mixture analysis. Journal of 
Patient-Reported Outcomes, 6(1), 1-12. https://doi.org/10.1186/S41687-022-00503-5  



173 
 

Gomez-Barrena, E., Puertolas, J. A., Munuera, L., & Konttinen, Y. T. (2008). Update on UHMWPE research: 
From the bench to the bedside. Acta Orthopaedica, 79(6), 832-840. 
https://doi.org/10.1080/17453670810016939  

Gomez, P. F., & Morcuende, J. A. (2005). A historical and economic perspective on Sir John Charnley, Chas 
F. Thackray Limited, and the early arthoplasty industry. Iowa Orthopedic Journal, 25, 30-37. 
https://www.ncbi.nlm.nih.gov/pubmed/16089068  

González Della Valle, A., Sharrock, N., Barlow, M., Caceres, L., Go, G., & Salvati, E. A. (2016). The modern, 
hybrid total hip arthroplasty for primary osteoarthritis at the Hospital for Special Surgery. The 
Bone & Joint Journal, 98-B(1 Suppl A), 54-59. https://doi.org/10.1302/0301-620X.98B1.36409  

Goplen, C. M., & Munro, J. (2024). Removal of uncemented components: hope for the best, prepare for 
the worst-technical tips and tricks. Annals of Joint, 9, 24. https://doi.org/10.21037/aoj-23-34  

Gordon, A. M., Nian, P. P., Baidya, J., & Mont, M. A. (2025). A higher Area Deprivation Index is associated 
with increased medical complications and emergency department utilizations after total hip 
arthroplasty. Journal of Arthroplasty, 40(5), 1154-1160. 
https://doi.org/10.1016/j.arth.2024.10.106  

Grant, S., Pincus, D., Ruangsomboon, P., Lex, J., Sheth, U., & Ravi, B. (2024). Sex diƯerences in 
complications following total hip arthroplasty: A population-based study. Journal of Arthroplasty, 
39(12), 3004-3008. https://doi.org/10.1016/j.arth.2024.05.062  

Greene, B. D., Lange, J. K., Heng, M., Melnic, C. M., & Smith, J. T. (2021). Correlation between patient-
reported outcome measures and health insurance provider types in patients with hip 
osteoarthritis. The Journal of Bone and Joint Surgery. American Volume, 103(16), 1521-1530. 
https://doi.org/10.2106/JBJS.20.02246  

Grits, D., Emara, A. K., Klika, A. K., Murray, T. G., McLaughlin, J. P., & Piuzzi, N. S. (2022). Neighborhood 
socioeconomic disadvantage associated with increased healthcare utilization after total hip 
arthroplasty. Journal of Arthroplasty, 37(10), 1980-1986 e1982. 
https://doi.org/10.1016/j.arth.2022.04.041  

Grits, D., Emara, A. K., Orr, M. N., Rullán, P. J., Murray, T. G., Higuera, C. A., Krebs, V. E., Molloy, R. M., & 
Piuzzi, N. S. (2023). Preoperative Veteran RAND-12 Mental Composite Score of >60 associated 
with increased likelihood of patient satisfaction after total hip arthroplasty. Journal of 
Arthroplasty, 38(7), S258-S264. https://doi.org/10.1016/j.arth.2022.12.001  

Gwynne-Jones, D. P., Lash, H. W. R., James, A. W., Iosua, E. E., & Matheson, J. A. (2017). The Morscher 
Press-Fit acetabular component: An independent long-term review at 18-22 Years. Journal of 
Arthroplasty, 32(8), 2444-2449. https://doi.org/10.1016/j.arth.2017.02.052  

Harcombe, H., Davie, G., Derrett, S., Abbott, H., & Gwynne-Jones, D. (2016). Equity of publicly-funded hip 
and knee joint replacement surgery in New Zealand: Results from a national observational study. 
NZ Medical Journal, 129(1442), 8-18. https://www.ncbi.nlm.nih.gov/pubmed/27657154  

Harris, I. A., Peng, Y., Ackerman, I., & Graves, S. E. (2022). The association between preoperative patient-
reported health status and postoperative survey completion following arthroplasty: Registry-
based cohort study. Journal of Medical Internet Research Perioperative Medicine, 5(1), e33414. 
https://doi.org/10.2196/33414  

Harris, K., Dawson, J., Gibbons, E., Lim, C., Beard, D., Fitzpatrick, R., & Price, A. (2016). Systematic review 
of measurement properties of patient-reported outcome measures used in patients undergoing 
hip and knee arthroplasty. Patient Related Outcome Measures, 7, 101-108. 
https://doi.org/10.2147/PROM.S97774  

Harris, W. H. (2001). Wear and periprosthetic osteolysis: The problem. Clinical Orthopaedics and Related 
Research(393), 66-70. https://doi.org/10.1097/00003086-200112000-00007  

Havelin, L. I., Engesaeter, L. B., Espehaug, B., Furnes, O., Lie, S. A., & Vollset, S. E. (2000). The Norwegian 
Arthroplasty Register: 11 years and 73,000 arthroplasties. Acta Orthopaedica Scandinavica, 
71(4), 337-353. https://doi.org/10.1080/000164700317393321  

Hayden, J. A., van der Windt, D. A., Cartwright, J. L., Cote, P., & Bombardier, C. (2013). Assessing bias in 
studies of prognostic factors. Annals of Internal Medicine, 158(4), 280-286. 
https://doi.org/10.7326/0003-4819-158-4-201302190-00009  

Hesseling, B., Mathijssen, N. M. C., van Steenbergen, L. N., Melles, M., Vehmeijer, S. B. W., & Porsius, J. T. 
(2019). Fast starters, slow starters, and late dippers: Trajectories of patient-reported outcomes 
after total hip arthroplasty: Results from a Dutch nationwide database. The Journal of Bone and 
Joint Surgery. American Volume, 101(24), 2175-2186. https://doi.org/10.2106/JBJS.19.00234  



174 
 

Higgins, J., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M. J., & Welch, V. A. (2024). Cochrane 
handbook for systematic reviews of interventions. Cochrane. 
www.training.cochrane.org/handbook  

Hirani, R., Podder, D., Stala, O., Mohebpour, R., Tiwari, R. K., & Etienne, M. (2025). Strategies to reduce 
hospital length of stay: Evidence and challenges. Medicina (Kaunas), 61(5). 
https://doi.org/10.3390/medicina61050922  

Hirvonen, J., Tuominen, U., Seitsalo, S., Lehto, M., Paavolainen, P., Hietaniemi, K., Rissanen, P., Sintonen, 
H., & Blom, M. (2009). The eƯect of waiting time on health-related quality of life, pain, and 
physical function in patients awaiting primary total hip replacement: A randomized controlled 
trial. Value in Health: The Journal of the International Society for Pharmacoeconomics and 
Outcomes Research, 12(6), 942-947. https://doi.org/10.1111/j.1524-4733.2009.00544.x  

Hoelen, T. A., Schotanus, M., van Kuijk, S., Bastiaenen, C., Boonen, B., & Most, J. (2023). The relation 
between socioeconomic status and patient symptoms before and one year after lower extremity 
arthroplasty. The Journal of Orthopaedics, 39, 11-17. https://doi.org/10.1016/j.jor.2023.03.011  

Hogan, S. (2022). A clear cut case: Evidence for non-surgical, non-pharmacologic models of care in hip 
and knee osteoarthritis. NZIER report to Arthritis New Zealand NZIER. 
https://www.arthritis.org.nz/assets-prod/downloads/Research-Reports/Economic-cost-of-
Arthritis-in-New-Zealand-2018.pdf 

Holmenlund, C., Overgaard, S., Bilberg, R., & Varnum, C. (2021). Evaluation of the Oxford Hip Score: Does 
it still have content validity? Interviews of total hip arthroplasty patients. Health and Quality of 
Life Outcomes, 19(1), 1-10. https://doi.org/10.1186/S12955-021-01869-8/TABLES/3  

Hossain, F., Konan, S., Volpin, A., & Haddad, F. S. (2017). Early performance-based and patient-reported 
outcomes of a contemporary taper fit bone-conserving short stem femoral component in total 
hip arthroplasty. The Bone & Joint Journal, 99B(4), 49-55. https://doi.org/10.1302/0301-
620X.99B4.BJJ-2016-1291.R1  

Howard, J. L., Kremers, H. M., Loechler, Y. A., Schleck, C. D., Harmsen, W. S., Berry, D. J., Cabanela, M. E., 
Hanssen, A. D., Pagnano, M. W., Trousdale, R. T., & Lewallen, D. G. (2011). Comparative survival 
of uncemented acetabular components following primary total hip arthroplasty. Journal of Bone 
and Joint Surgery. American volume, 93(17), 1597-1604. https://doi.org/10.2106/JBJS.J.00195  

Huber, M., Kurz, C., & Leidl, R. (2019). Predicting patient-reported outcomes following hip and knee 
replacement surgery using supervised machine learning. BMC Medical Informatics and Decision 
Making, 19(1), 3. https://doi.org/10.1186/s12911-018-0731-6  

Humez, M., Kotter, K., Skripitz, R., & Kuhn, K. D. (2024). Evidence for cemented TKA and THA based on a 
comparison of international register data [Orthopadie (Heidelb)]. Orthopadie (Heidelb), 53(8), 
597-607. https://doi.org/10.1007/s00132-024-04489-4 (Evidenz fur zementierte Knie- und Huft-
TEP basierend auf einem Vergleich internationaler Registerdaten.)  

Hunter, D. J., Schofield, D., & Callander, E. (2014). The individual and socioeconomic impact of 
osteoarthritis. Nature Reviews. Rheumatology, 10(7), 437-441. 
https://doi.org/10.1038/nrrheum.2014.44  

Institute for Health Metrics and Evaluation. (2024). Global Burden of Disease Study 2023 (GBD 2023) 
Results. (Institute for Health Metrics and Evaluation (IHME). 
https://vizhub.healthdata.org/gbd-results/  

Iqbal, S. U., Rogers, W. R., Selim, A., Qian, S., Lee, A., Ren, X., Rothendler, J., Miller, D., & Kazis, L. E. 
(2009). The Veterans Rand 12 item health survey (VR-12): What it is and how it is used. The 
Journal of Ambulatory Care Management., 18(1), 43-52.  

Jackson, D., & Turner, R. (2017). Power analysis for random-eƯects meta-analysis. Research Synthesis 
Methods, 8(3), 290-302. https://doi.org/10.1002/jrsm.1240  

Jain, S., Lamb, J. N., & Pandit, H. (2024). Cemented femoral stem design and postoperative periprosthetic 
fracture risk following total hip arthroplasty. The Bone & Joint Journal, 106-B(1), 11-15. 
https://doi.org/10.1302/0301-620X.106B1.BJJ-2023-0587.R1  

Jameson, S. S., Mason, J., Baker, P., Gregg, P. J., Deehan, D. J., & Reed, M. R. (2015). Implant optimisation 
for primary hip replacement in patients over 60 years with osteoarthritis: A cohort study of 
clinical outcomes and implant costs using data from England and Wales. PloS one., 10(11), 
e0140309-e0140309. https://doi.org/10.1371/JOURNAL.PONE.0140309  

Jameson, S. S., Mason, J., Baker, P., Gregg, P. J., Porter, M., Deehan, D. J., & Reed, M. R. (2015). Have 
cementless and resurfacing components improved the medium-term results of hip replacement 



175 
 

for patients under 60 years of age? Patient-reported outcome measures, implant survival, and 
costs in 24,709 patients. Acta Orthopaedica, 86(1), 7-17. 
https://doi.org/10.3109/17453674.2014.972256  

Jämsen, E., Eskelinen, A., Peltola, M., & Mäkelä, K. (2014). High early failure rate after cementless hip 
replacement in the octogenarian. Clinical Orthopaedics & Related Research, 472(9), 2779-2789. 
https://doi.org/10.1007/s11999-014-3641-7  

Jämsen, E., Peltola, M., Eskelinen, A., & Lehto, M. U. K. (2013). Comorbid diseases as predictors of 
survival of primary total hip and knee replacements: A nationwide register-based study of 96 754 
operations on patients with primary osteoarthritis. Annals of the Rheumatic Diseases, 72(12), 
1975-1982. https://doi.org/10.1136/annrheumdis-2012-202064  

Jonas, S. C., Whitehouse, M. R., Bick, S., Bannister, G. C., & Baker, R. P. (2019). An 18-year comparison of 
hybrid total hip replacement and Birmingham hip resurfacing in active young patients. HIP 
International, 29(6), 630-637. https://doi.org/10.1177/1120700018814710  

Judas, F. M., Dias, R. F., & Lucas, F. M. (2011). A technique to remove a well-fixed titanium-coated RM 
acetabular cup in revision hip arthroplasty. Journal of Orthopaedic Surgery and Research, 6, 31. 
https://doi.org/10.1186/1749-799X-6-31  

Judas, F. M., Lucas, F. M., & Fonseca, R. L. (2015). A technique to remove a stable all-polyethylene 
cemented acetabular liner in revision hip arthroplasty: A case report. International Journal of 
Surgery Case Reports, 9, 54-56. https://doi.org/10.1016/j.ijscr.2015.02.025  

Jüni, P., Low, N., Reichenbach, S., Villiger, P. M., Williams, S., & Dieppe, P. A. (2010). Gender inequity in the 
provision of care for hip disease: Population-based cross-sectional study. Osteoarthritis and 
Cartilage, 18(5), 640-645. https://doi.org/10.1016/J.JOCA.2009.12.010  

Junnila, M., Laaksonen, I., Eskelinen, A., Pulkkinen, P., Ivar Havelin, L., Furnes, O., Marie Fenstad, A., 
Pedersen, A. B., Overgaard, S., Karrholm, J., Garellick, G., Malchau, H., & Makela, K. T. (2016). 
Implant survival of the most common cemented total hip devices from the Nordic Arthroplasty 
Register Association database. Acta Orthopaedica, 87(6), 546-553. 
https://doi.org/10.1080/17453674.2016.1222804  

Kalairajah, Y., Azurza, K., Hulme, C., Molloy, S., & Drabu, K. J. (2005). Health outcome measures in the 
evaluation of total hip arthroplasties. A comparison between the Harris Hip Score and the Oxford 
Hip Score. Journal of Arthroplasty, 20(8), 1037-1041. https://doi.org/10.1016/J.ARTH.2005.04.017  

Kandala, N. B., Connock, M., Pulikottil-Jacob, R., SutcliƯe, P., Crowther, M. J., Grove, A., Mistry, H., & 
Clarke, A. (2015). Setting benchmark revision rates for total hip replacement: Analysis of registry 
evidence. British Medical Journal (Clinical Research Edition), 350. 
https://doi.org/10.1136/bmj.h756  

Karachalios, T., Komnos, G., & Koutalos, A. (2018). Total hip arthroplasty: Survival and modes of failure. 
EFORT Open Reviews, 3(5), 232-239. https://doi.org/10.1302/2058-5241.3.170068  

Karayiannis, P. N., Warnock, M., Cassidy, R., Jones, K., Scott, C. E. H., & Beverland, D. (2023). The painful 
truth of waiting for hip and knee arthroplasty in Northern Ireland: A cohort study of the worst NHS 
waiting lists for elective hip and knee arthroplasty. The Bone & Joint Journal, 105-B(7), 783-794. 
https://doi.org/10.1302/0301-620X.105B7.BJJ-2023-0078.R1  

Karuppal, R. (2016). Biological fixation of total hip arthroplasty: Facts and factors. Journal of 
Orthopaedics, 13(3), 190-192. https://doi.org/10.1016/j.jor.2016.06.002  

Kawata, T., Goto, K., So, K., Kuroda, Y., & Matsuda, S. (2017). Polyethylene and highly cross-linked 
polyethylene for cemented total hip arthroplasty: A comparison of over ten-year clinical and 
radiographic results. Journal of Orthopaedics, 14(4), 520-524. 
https://doi.org/10.1016/j.jor.2017.08.010  

Kayani, B., Baawa-Ameyaw, J., Fontalis, A., Tahmassebi, J., Wardle, N., Middleton, R., Stephen, A., 
Hutchinson, J., & Haddad, F. S. (2022). Oxidized zirconium versus cobalt-chrome femoral heads 
in total hip arthroplasty: a multicentre prospective randomized controlled trial with ten years' 
follow-up. Bone Joint J, 104-B(7), 833-843. https://doi.org/10.1302/0301-620X.104B7.BJJ-2021-
1673.R1  

Kazis, L. E., Rogers, W. H., Rothendler, J., Qian, S., Selim, A., Edelen, M. O., Stucky, B. D., Rose, A. J., & 
Butcher, E. (2017). Outcome performance measure development for persons with multiple 
chronic conditions. RAND Corporation. https://doi.org/10.7249/RR1844  

Keding, A., Handoll, H., Brealey, S., JeƯerson, L., Hewitt, C., Corbacho, B., Torgerson, D., & Rangan, A. 
(2019). The impact of surgeon and patient treatment preferences in an orthopaedic trauma 
surgery trial. Trials, 20(1), 570. https://doi.org/10.1186/s13063-019-3631-x  



176 
 

Kelly, M., Chen, A. F., Ryan, S. P., Working, Z. M., Porter, K. R., De, A., Mullen, K., & Kagan, R. (2023). 
Cemented femoral fixation in total hip arthroplasty reduces the risk of periprosthetic femur 
fracture in patients 65 years and older: An analysis from the American Joint Replacement 
Registry. Journal of Arthroplasty, 38(7 Suppl 2), S351-S354. 
https://doi.org/10.1016/j.arth.2023.04.039  

Khan, L. A., Cowie, J. G., Ballantyne, J. A., & Brenkel, I. J. (2009). The complication rate and medium-term 
functional outcome after total hip replacement in smokers. HIP International, 19(1), 47-51. 
https://doi.org/10.1177/112070000901900109  

Khan, T. (2017). Survival analysis of time-to-event data in orthopaedic surgery. Bone and Joint 360, 6(2), 
37-39. https://doi.org/10.1302/2048-0105.62.360517  

Khanuja, H. S., Mekkawy, K. L., MacMahon, A., McDaniel, C. M., Allen, D. A., & Moskal, J. T. (2022). 
Revisiting cemented femoral fixation in hip arthroplasty. The Journal of Bone and Joint Surgery. 
American Volume, 104(11), 1024-1033. https://doi.org/10.2106/JBJS.21.00853  

Kim, J. T., & Yoo, J. J. (2016). Implant design in cementless hip arthroplasty. Hip Pelvis, 28(2), 65-75. 
https://doi.org/10.5371/hp.2016.28.2.65  

Kim, K. M., Brown, J. K., Kim, K. J., Choi, H. S., Kim, H. N., Rhee, Y., & Lim, S. K. (2011). DiƯerences in 
femoral neck geometry associated with age and ethnicity. Osteoporosis International, 22(7), 
2165-2174. https://doi.org/10.1007/s00198-010-1459-z  

Kim, S., Duncan, P. W., Groban, L., Segal, H., Abbott, R. M., & Williamson, J. D. (2017). Patient-reported 
outcome measures (PROM) as a preoperative assessment tool. Journal of Anesthesia and 
Perioperative Medicine, 4(6), 274-281. https://www.ncbi.nlm.nih.gov/pubmed/29333531  

Kim, W. Y., Greidanus, N. V., Duncan, C. P., Masri, B. A., & Garbuz, D. S. (2008). Porous tantalum 
uncemented acetabular shells in revision total hip replacement: Two to four year clinical and 
radiographic results. Hip international: The journal of clinical and experimental research on hip 
pathology and therapy, 18(1), 17-22. https://doi.org/10.1177/112070000801800104  

Knight, S. R., Aujla, R., & Biswas, S. P. (2011). Total Hip Arthroplasty. Over 100 years of operative history. 
Orthopedic Reviews (Pavia), 3(2), e16. https://doi.org/10.4081/or.2011.e16  

Kristof, J., Gupta, D., Szabo, L., Bucsi, L., & Zahar, A. (2024). Outcomes of Exeter cemented total hip 
arthroplasty in a county hospital: Survivorship of eight hundred and ninety four hips with a 
minimum ten-year follow up. International Orthopaedics, 48(3), 729-735. 
https://doi.org/10.1007/s00264-023-06026-y  

Kulkarni, G. S., Kulkarni, S., & Babhulkar, S. (2021). Cement beads and cement spacers: indications, 
techniques, and clinical results. OTA International: The Open Access Journal of Orthopaedic 
Trauma, 4(3S), e118-e118. https://doi.org/10.1097/OI9.0000000000000118  

Kumar, R., Mehdi, H., Bhati, S. S., Arunkumar, M., Mishra, S., & Lohumi, M. K. (2025). A comprehensive 
review of advancements in additive manufacturing for 3D printed medical components using 
diverse materials. Discover Materials, 5(1), 152. https://doi.org/10.1007/s43939-025-00349-w  

Kunutsor, S. K., Barrett, M. C., Beswick, A. D., Judge, A., Blom, A. W., Wylde, V., & Whitehouse, M. R. 
(2019). Risk factors for dislocation after primary total hip replacement: A systematic review and 
meta-analysis of 125 studies involving approximately five million hip replacements. The Lancet 
Rheumatology, 1(2), e111-e121. https://doi.org/10.1016/S2665-9913(19)30045-1  

Kunutsor, S. K., Beswick, A. D., Whitehouse, M. R., Blom, A. W., & Lenguerrand, E. (2019). Implant fixation 
and risk of prosthetic joint infection following primary total hip replacement: Meta-analysis of 
observational cohort and randomised intervention studies. Journal of Clinical Medicine, 8(5). 
https://doi.org/10.3390/jcm8050722  

Kurtz, S. M. (2016). UHMWPE biomaterials handbook: Ultra-high molecular weight polyethylene in total 
joint replacement and medical devices (3rd ed.). Elsevier. 
https://www.sciencedirect.com/book/monograph/9780124298514/the-uhmwpe-
handbook  

Kurtz, S. M., Muratoglu, O. K., Evans, M., & Edidin, A. A. (1999). Advances in the processing, sterilization, 
and crosslinking of ultra-high molecular weight polyethylene for total joint arthroplasty. 
Biomaterials, 20(18), 1659-1688. https://doi.org/10.1016/s0142-9612(99)00053-8  

Kwak, S. G., & Kim, J. H. (2017). Central limit theorem: The cornerstone of modern statistics. Korean 
Journal of Anesthesiology, 70(2), 144-156. https://doi.org/10.4097/KJAE.2017.70.2.144  

Lamb, J. N., Evans, J. T., Relton, S., Whitehouse, M. R., Wilkinson, J. M., & Pandit, H. (2024). The incidence 
of postoperative periprosthetic femoral fracture following total hip replacement: An analysis of 



177 
 

UK National Joint Registry and Hospital Episodes statistics data. Public Library of Science: 
Medicine, 21(10), e1004462. https://doi.org/10.1371/journal.pmed.1004462  

Lamberton, T. D., Whitehouse, S. L., & Timperley, A. J. (2023). Cemented THA with the Exeter 
Contemporary Flanged cup in primary total hip arthroplasty: Minimum ten-year follow-up of fully 
cemented total hip arthroplasties with conventional polyethylene. Orthopaedic Proceedings, 
105-B(SUPP_3), 101-101. https://doi.org/10.1302/1358-992X.2023.3.101  

Langenberger, B., Schrednitzki, D., Halder, A. M., Busse, R., & Pross, C. M. (2023). Predicting whether 
patients will achieve minimal clinically important diƯerences following hip or knee arthroplasty. 
Bone & Joint Research, 12(9), 512-521. https://doi.org/10.1302/2046-3758.129.BJR-2023-
0070.R2  

Langlois, J., & Hamadouche, M. (2023). What have we learned from 20 years of using highly crosslinked 
PE in total hip arthroplasty? Orthopaedics and Traumatology, Surgery and Research, 109(1S), 
103457. https://doi.org/10.1016/j.otsr.2022.103457  

Lao, C., Lees, D., Patel, S., White, D., & Lawrenson, R. (2019). Geographical and ethnic diƯerences of 
osteoarthritis-associated hip and knee replacement surgeries in New Zealand: A population-
based cross-sectional study. BMJ Open, 9(9), e032993-e032993. 
https://bmjopen.bmj.com/content/9/9/e032993  

Lavallee, D. C., Chenok, K. E., Love, R. M., Petersen, C., Holve, E., Segal, C. D., & Franklin, P. D. (2016). 
Incorporating patient-reported outcomes into health care to engage patients and enhance care. 
Health AƯairs (Millwood), 35(4), 575-582. https://doi.org/10.1377/hlthaƯ.2015.1362  

Lavernia, C. J., Iacobelli, D. A., Brooks, L., & Villa, J. M. (2015). The cost-utility of total hip arthroplasty: 
Earlier intervention, improved economics. Journal of Arthroplasty, 30(6), 945-949. 
https://doi.org/10.1016/j.arth.2014.12.028  

Lazem, M., & Sheikhtaheri, A. (2022). Barriers and facilitators for the implementation of health condition 
and outcome registry systems: A systematic literature review. Journal of the American Medical 
Informatics Association, 29(4), 723-734. https://doi.org/10.1093/jamia/ocab293  

Leifer, V. P., Katz, J. N., & Losina, E. (2022). The burden of OA-health services and economics. 
Osteoarthritis and Cartilage, 30(1), 10-16. https://doi.org/10.1016/j.joca.2021.05.007  

Lindgren, V., Galea, V. P., Nebergall, A., Greene, M. E., Rolfson, O., Malchau, H., & Multicenter Writing, C. 
(2018). Radiographic and clinical outcomes of porous titanium-coated and plasma-sprayed 
acetabular shells: A five-year prospective multicenter study. Journal of Bone and Joint Surgery. 
American volume, 100(19), 1673-1681. https://doi.org/10.2106/JBJS.17.00729  

Lizcano, J. D., Abe, E. A., Tarabichi, S., Magnuson, J. A., Mu, W., & Courtney, P. M. (2025). Health 
disparities in aseptic revision total hip arthroplasty: Assessing the impact of social determinants 
of health. Journal of Arthroplasty, 40(9S1), S157-S163 e156. 
https://doi.org/10.1016/j.arth.2025.04.001  

López-López, J. A., Humphriss, R. L., Beswick, A. D., Thom, H. H. Z., Hunt, L. P., Burston, A., Fawsitt, C. G., 
Hollingworth, W., Higgins, J. P. T., Welton, N. J., Blom, A. W., & Marques, E. M. R. (2017). Choice of 
implant combinations in total hip replacement: Systematic review and network meta-analysis. 
British Medical Journal, 359, j4651-j4651. https://doi.org/10.1136/bmj.j4651  

Loring, B., Paine, S. J., Robson, B., & Reid, P. (2022). Analysis of deprivation distribution in New Zealand by 
ethnicity, 1991-2013. The New Zealand Medical Journal, 135, 31-40. 
https://researchspace.auckland.ac.nz/handle/2292/64930  

Lubbeke, A., Silman, A. J., Prieto-Alhambra, D., Adler, A. I., Barea, C., & Carr, A. J. (2017). The role of 
national registries in improving patient safety for hip and knee replacements. BMC 
Musculoskeletal Disorders, 18(1), 414. https://doi.org/10.1186/s12891-017-1773-0  

Lynch, T. S., Oak, S. R., Cossell, C., Strnad, G., Zajichek, A., Goodwin, R., Jones, M. H., Spindler, K. P., & 
Rosneck, J. (2021). EƯect of baseline mental health on 1-year outcomes after hip arthroscopy: A 
prospective ccohort study. Orthopaedic Journal of Sports Medicine, 9(8), 23259671211025526. 
https://doi.org/10.1177/23259671211025526  

Maggs, J., & Wilson, M. (2017). The relative merits of cemented and uncemented prostheses in total hip 
arthroplasty. Indian Journal of Orthopaedics, 51(4), 377-385. 
https://doi.org/10.4103/ORTHO.IJORTHO_405_16  

Maggs, J. L., Smeatham, A., Whitehouse, S. L., Charity, J., Timperley, A. J., & Gie, G. A. (2016). The Exeter 
Contemporary flanged cemented acetabular component in primary total hip arthroplasty. The 
Bone & Joint Journal, 98B(3), 307-312. https://doi.org/10.1302/0301-620X.98B3.35901  



178 
 

Mahon, J., McCarthy, C. J., Sheridan, G. A., Cashman, J. P., O'Byrne, J. M., & Kenny, P. (2020). Outcomes of 
the Exeter V40 cemented femoral stem at a minimum of ten years in a non-designer centre. Bone 
& Joint Open, 1(12), 743-748. https://doi.org/10.1302/2633-1462.112.BJO-2020-0163.R1  

Mäkelä, K., Eskelinen, A., Pulkkinen, P., Paavolainen, P., & Remes, V. (2008). Total hip arthroplasty for 
primary osteoarthritis in patients fifty-five years of age or older: An analysis of the Finnish 
Arthroplasty Registry. The Journal of Bone and Joint Surgery, 90(10), 2160-2170. 
https://doi.org/10.2106/JBJS.G.00870  

Mäkelä, K. T., Matilainen, M., Pulkkinen, P., Fenstad, A. M., Havelin, L., Engesaeter, L., Furnes, O., 
Pedersen, A. B., Overgaard, S., Kärrholm, J., Malchau, H., Garellick, G., Ranstam, J., & Eskelinen, 
A. (2014). Failure rate of cemented and uncemented total hip replacements: Register study of 
combined Nordic database of four nations. British Medical Journal, 348. 
https://doi.org/10.1136/BMJ.F7592  

Mancino, F., Tornberg, H., Jones, C. W., Bucher, T. A., & Malahias, M. A. (2023). The exeter cemented stem 
provides outstanding long-term fixation and bone load at 15 years follow-up: A systematic review 
and meta-analysis. Journal of Orthopaedic Surgery (Hong Kong), 31(1). 
https://doi.org/10.1177/10225536231153232  

Mannion, A. F., Impellizzeri, F. M., Naal, F. D., & Leunig, M. (2015). Women demonstrate more pain and 
worse function before THA but comparable results 12 months after surgery. Clinical Orthopaedic 
Related Research, 473(12), 3849-3857. https://doi.org/10.1007/s11999-015-4479-3  

Mannion, A. F., Nauer, S., Arsoy, D., Impellizzeri, F. M., & Leunig, M. (2020). The association between 
comorbidity and the risks and early benefits of total hip arthroplasty for hip osteoarthritis. Journal 
of Arthroplasty, 35(9), 2480-2487. https://doi.org/10.1016/j.arth.2020.04.090  

Māori Population estimates: At 30 June 2022.  Retrieved 2024/03/01 from 
https://www.stats.govt.nz/information-releases/maori-population-estimates-at-30-june-2022/ 

Matar, H. E., Pincus, D., Paterson, J. M., Aktar, S., Jenkinson, R., & Ravi, B. (2020). Early surgical 
complications of total hip arthroplasty in patients with morbid obesity: Propensity-matched 
cohort study of 3683 patients. Journal of Arthroplasty, 35(9), 2646-2651. 
https://doi.org/10.1016/j.arth.2020.04.044  

Matharu, G. S., Mouchti, S., Twigg, S., Delmestri, A., Murray, D. W., Judge, A., & Pandit, H. G. (2019). The 
eƯect of smoking on outcomes following primary total hip and knee arthroplasty: A population-
based cohort study of 117,024 patients. Acta Orthopaedica. Supplementum, 90(6), 559-567. 
https://doi.org/10.1080/17453674.2019.1649510  

Matthias, J., Bostrom, M. P., & Lane, J. M. (2021). A comparison of risks and benefits regarding hip 
arthroplasty fixation. Journal of the American Academy of Orthopaedic Surgeons. Global 
Research and Reviews, 5(11). https://doi.org/10.5435/JAAOSGlobal-D-21-00014  

McKellop, H., Shen, F. W., Lu, B., Campbell, P., & Salovey, R. (2000). EƯect of sterilization method and 
other modifications on the wear resistance of acetabular cups made of ultra-high molecular 
weight polyethylene. A hip-simulator study. Journal of Bone and Joint Surgery American volume, 
82(12), 1708-1725. https://doi.org/10.2106/00004623-200012000-00004  

McKie, J., Hobbs, T., Frampton, C., Devane, P., Coleman, B., Young, S., Muir, D., & Annual Report Editorial 
Committee. (2019). The New Zealand Joint Registry twenty year report (January 1999 – December 
2018). https://www.nzoa.org.nz/sites/default/files/DH8328_NZJR_2019_Report_v4_7Nov19.pdf 

McKie, J., Willis, J., Frampton, C., Poutawera, V., Lamberton, T., Coleman, B., Young, S., M., D., & Poon, P. 
(2024). The New Zealand Joint Registry. Twenty-four year report. January 1999 to December 2023.  

McTighe, B. T. (1999). Design considerations for cementless total hip arthroplasty. Journal of Joint Implant 
Surgery and Research Foundation, 1-9.  

Mei, X. Y., Gong, Y. J., Safir, O., Gross, A., & Kuzyk, P. (2019). Long-term outcomes of total hip arthroplasty 
in patients younger than 55 years: A systematic review of the contemporary literature. Canadian 
Journal of Surgery., 62(4), 249-258. https://doi.org/10.1503/CJS.013118  

Mertz, K. C., Yang, J., Chung, B. C., Chen, X., Mayfield, C. K., & Heckmann, N. D. (2023). Ceramic Femoral 
Heads Exhibit Lower Wear Rates Compared to Cobalt Chrome: A Meta-Analysis. J Arthroplasty, 
38(2), 397-405. https://doi.org/10.1016/j.arth.2022.09.008  

Migliorini, F., MaƯulli, N., Pilone, M., Bell, A., Hildebrand, F., & Konrads, C. (2023). Risk factors for liner 
wear and head migration in total hip arthroplasty: A systematic review. Scientific Reports, 13(1), 
15612. https://doi.org/10.1038/s41598-023-42809-4  



179 
 

Mirzaei, A., Carter, S. R., Patanwala, A. E., & Schneider, C. R. (2022). Missing data in surveys: Key 
concepts, approaches, and applications. Research in Social and Administrative Pharmacy, 18(2), 
2308-2316. https://doi.org/10.1016/j.sapharm.2021.03.009  

Mishra, P., Singh, U., Pandey, C. M., Mishra, P., & Pandey, G. (2019). Application of student's t-test, 
analysis of variance, and covariance. Annals of Cardiac Anaesthesia, 22(4), 407. 
https://doi.org/10.4103/ACA.ACA_94_19  

Mishra, S., Mishra, S., Mishra, N. R., Pani, S., Khandelwal, C., Sharma, A., & Chawla, S. (2025). 
Comparative study of functional outcomes between cemented and uncemented total hip 
replacement at a tertiary care hospital in Odisha, India. Cureus, 17(6), e85444. 
https://doi.org/10.7759/cureus.85444  

Molino, J., Harrington, J., Racine-Avila, J., & Aaron, R. (2022). Deconstructing the Minimum Clinically 
Important DiƯerence (MCID). Orthopedic Research and Reviews, 14, 35-42. 
https://doi.org/10.2147/ORR.S349268  

Moskal, J. T., Samuel, L. T., Sveom, D. S., & Allen, D. A. (2022). Clinical outcomes and survivorship of 
hybrid total hip arthroplasty performed through the anterior approach. Journal of Arthroplasty, 
37(7S), S556-S559. https://doi.org/10.1016/j.arth.2021.12.031  

Mouchti, S., Whitehouse, M. R., Sayers, A., Hunt, L. P., MacGregor, A., & Blom, A. W. (2018). The 
association of body mass index with risk of long-term revision and 90-day mortality following 
primary total hip replacement: Findings from the National Joint Registry for England, Wales, 
Northern Ireland and the Isle of Man. The Journal of Bone and Joint Surgery. American volume, 
100(24), 2140-2152. https://doi.org/10.2106/JBJS.18.00120  

Mufarrih, S. H., Ghani, M. O. A., Martins, R. S., Qureshi, N. Q., Mufarrih, S. A., Malik, A. T., & Noordin, S. 
(2019). EƯect of hospital volume on outcomes of total hip arthroplasty: A systematic review and 
meta-analysis. Journal of Orthopaedic Surgery and Research, 14(1), 468. 
https://doi.org/10.1186/s13018-019-1531-0  

Mukka, S., Rolfson, O., Mohaddes, M., & Sayed-Noor, A. (2020). The eƯect of body mass index class on 
patient-reported health-related quality of life before and after total hip arthroplasty for 
osteoarthritis: Registry-based cohort study of 64,055 patients. Journal of Bone and Joint Surgery 
Open Access, 5(4). https://doi.org/10.2106/JBJS.OA.20.00100  

Muratoglu, O. K., Bragdon, C. R., O'Connor, D. O., Jasty, M., & Harris, W. H. (2001). A novel method of 
cross-linking ultra-high-molecular-weight polyethylene to improve wear, reduce oxidation, and 
retain mechanical properties. Recipient of the 1999 HAP Paul Award. Journal of Arthroplasty, 
16(2), 149-160. https://doi.org/10.1054/arth.2001.20540  

Murray, D. W., Fitzpatrick, R., Rogers, K., Pandit, H., Beard, D. J., Carr, A. J., & Dawson, J. (2007). The use of 
the Oxford hip and knee scores. The Journal of Bone and Joint Surgery. British Volume, 89, 1010-
1014. https://doi.org/10.1302/0301-620X.89B8.19424  

Nguyen, L. C., Sing, D. C., & Bozic, K. J. (2016). Preoperative reduction of opioid use before total joint 
arthroplasty. Journal of Arthroplasty, 31(9 Suppl), 282-287. 
https://doi.org/10.1016/j.arth.2016.01.068  

Nicolau, C., Mendes, L., Ciriaco, M., Ferreira, B., Baixinho, C. L., Fonseca, C., Ferreira, R., & Sousa, L. 
(2022). Educational intervention in rehabilitation to improve functional capacity after hip 
arthroplasty: A scoping review. Journal of Personalized Medicine, 12(5). 
https://doi.org/10.3390/jpm12050656  

Niculescu, M., Solomon, B. L., Viscopoleanu, G., & Antoniac, I. (2015). Evolution of cementation 
techniques and bone cements in hip arthroplasty. Springer. 
https://doi.org/https://doi.org/10.1007/978-3-319-09230-0_42-1  

Nilsdotter, A. K., & Lohmander, L. S. (2003). Patient relevant outcomes after total hip replacement. A 
comparison between diƯerent surgical techniques. Health and Quality of Life Outcomes, 1, 21. 
https://doi.org/10.1186/1477-7525-1-21  

Norman-Taylor, F. H., & Villar, R. N. (1997). Hybrid hip arthroplasty in the younger patient. Quality of life. 
Journal of Arthroplasty, 12(6), 646-650. https://doi.org/10.1016/s0883-5403(97)90137-6  

Nugent, M., Young, S. W., Frampton, C. M., & Hooper, G. J. (2021). The lifetime risk of revision following 
total hip arthroplasty. The Bone & Joint Journal, 103-B(3), 479-485. https://doi.org/10.1302/0301-
620X.103B3.BJJ-2020-0562.R2  

Nwachukwu, B. U., Bozic, K. J., Schairer, W. W., Bernstein, J. L., Jevsevar, D. S., Marx, R. G., & Padgett, D. 
E. (2015). Current status of cost utility analyses in total joint arthroplasty: A systematic review. 



180 
 

Clinical Orthopaedic Related Research, 473(5), 1815-1827. https://doi.org/10.1007/s11999-014-
3964-4  

O'Connor, J. P., Holden, P., & Gagnier, J. J. (2022). Systematic review: Preoperative psychological factors 
and total hip arthroplasty outcomes. Journal of Orthopaedic Surgery and Research, 17(1), 457. 
https://doi.org/10.1186/s13018-022-03355-3  

Okafor, L., & Chen, A. F. (2019). Patient satisfaction and total hip arthroplasty: A review. Arthroplasty, 1(1), 
6. https://doi.org/10.1186/s42836-019-0007-3  

Okike, K., Chang, R. N., Royse, K. E., Paxton, E. W., Navarro, R. A., & Hinman, A. D. (2022). Association 
between race/ethnicity and total joint arthroplasty utilization in a universally insured population. 
Journal of the American Academy of Orthopaedic Surgeons, 30(20), e1348-e1357. 
https://doi.org/10.5435/JAAOS-D-22-00146  

Older, J. (2002). Charnley low-friction arthroplasty: A worldwide retrospective review at 15 to 20 years. 
Journal of Arthroplasty, 17(6), 675-680. https://doi.org/10.1054/arth.2002.31973  

Onggo, J. R., Onggo, J. D., de Steiger, R., & Hau, R. (2020). Greater risks of complications, infections, and 
revisions in the obese versus non-obese total hip arthroplasty population of 2,190,824 patients: 
A meta-analysis and systematic review. Osteoarthritis and Cartilage, 28(1), 31-44. 
https://doi.org/10.1016/j.joca.2019.10.005  

Onsten, I., Besjakov, J., & Carlsson, A. S. (1994). Improved radiographic survival of the Charnley 
prosthesis in rheumatoid arthritis and osteoarthritis. Results of new versus old operative 
techniques in 402 hips. Journal of Arthroplasty, 9(1), 3-8. https://doi.org/10.1016/0883-
5403(94)90131-7  

Onsten, I., & Carlsson, A. S. (1994). Cemented versus uncemented socket in hip arthroplasty: A 
radiostereometric study of 60 randomized hips followed for 2 years. Acta Orthopaedica 
Scandinavica, 65(5), 517-521. https://doi.org/10.3109/17453679409000904  

Oral, E., & Muratoglu, O. K. (2007). Radiation cross-linking in ultra-high molecular weight polyethylene for 
orthopaedic applications. Nuclear Instruments and Methods in Physics Research Section B, 
265(1), 18-22. https://doi.org/10.1016/j.nimb.2007.08.022  

Orr, M. N., Klika, A. K., Emara, A. K., Cleveland Clinic Arthroplasty, G., & Piuzzi, N. S. (2022). 
Dissatisfaction after total hip arthroplasty associated with preoperative patient-preported 
outcome phenotypes. Journal of Arthroplasty, 37(7S), S498-S509. 
https://doi.org/10.1016/j.arth.2022.02.042  

Orr, S. V., Pereira, G. C., & Christiansen, B. A. (2025). Justification of body mass index cutoƯs for hip and 
knee joint arthroplasty among California orthopedic surgeons. Journal of Orthopaedic Surgery 
Research, 20(1), 125. https://doi.org/10.1186/s13018-025-05551-3  

Ouzzani, M., Hammady, H., Fedorowicz, Z., & Elmagarmid, A. (2016). Rayyan- A web and mobile app for 
systematic reviews. Systematic Reviews, 5(1), 1-10. https://doi.org/10.1186/S13643-016-0384-4  

Overmann, A. L., Aparicio, C., Richards, J. T., Mutreja, I., Fischer, N. G., Wade, S. M., Potter, B. K., Davis, T. 
A., Bechtold, J. E., Forsberg, J. A., & Dey, D. (2020). Orthopaedic osseointegration: Implantology 
and future directions. Journal of Orthopaedic Research, 38(7), 1445-1454. 
https://doi.org/10.1002/jor.24576  

Ozdemir, E., Verhoeven, J. J., Schreurs, B. W., Visser, J., & Rijnen, W. H. C. (2026). Superior wear resistance 
of highly cross-linked cemented polyethylene cups in young patients: A randomized controlled 
trial. Journal of Arthroplasty, 41(2), 522-527. https://doi.org/10.1016/j.arth.2025.06.037  

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., HoƯmann, T. C., Mulrow, C. D., Shamseer, L., 
TetzlaƯ, J. M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw, J. M., Hrobjartsson, A., 
Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, S.,…Moher, D. (2021). The PRISMA 
2020 statement: An updated guideline for reporting systematic reviews. British Medical Journal, 
372, n71. https://doi.org/10.1136/bmj.n71  

Pakvis, D., Van Hellemondt, G., De Visser, E., Jacobs, W., & Spruit, M. (2011). Is there evidence for a 
superior method of socket fixation in hip arthroplasty? A systematic review. International 
Orthopaedics, 35(8), 1109-1118. https://doi.org/10.1007/s00264-011-1234-6  

Parker, S. H., Lei, X., Fitzgibbons, S., Metzger, T., SaƯord, S., & Kaplan, S. (2020). The impact of surgical 
team familiarity on length of procedure and length of stay: Inconsistent relationships across 
procedures, team members, and sites. World Journal of Surgery, 44(11), 3658-3667. 
https://doi.org/10.1007/s00268-020-05657-1  



181 
 

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

Patel, A. P., Gronbeck, C., Chambers, M., Harrington, M. A., & Halawi, M. J. (2020). Gender and total joint 
arthroplasty: Variable outcomes by procedure type. Arthroplasty Today, 6(3), 517-520. 
https://doi.org/10.1016/j.artd.2020.06.012  

Patel, I., Nham, F., Zalikha, L., & El-Othmani, M. M. (2023). Epidemiology of total hip arthroplasty: 
demographics, comorbidities and outcomes. Arthroplasty, 5(1), 2. 
https://doi.org/10.1186/s42836-022-00156-1  

Paxton, E. W., Cafri, G., Nemes, S., Lorimer, M., Karrholm, J., Malchau, H., Graves, S. E., Namba, R. S., & 
Rolfson, O. (2019). An international comparison of THA patients, implants, techniques, and 
survivorship in Sweden, Australia, and the United States. Acta Orthopaedica, 90(2), 148-152. 
https://doi.org/10.1080/17453674.2019.1574395  

Pearce, A., Butcher, A., & Hebert-Losier, K. (2025). Outcomes of cemented and hybrid primary total hip 
arthroplasty for osteoarthritis: A systematic review with narrative synthesis. Archives of 
Orthopaedic and Trauma Surgery, 145(1), 388. https://doi.org/10.1007/s00402-025-06007-3  

Pearce, A., Joshi, C., Chan, G., Lamberton, T., MacLean, S., Vane, A., & Hebert-losier, K. (2025a). 10-year 
survival comparison of two cemented implants in primary total hip arthroplasty for osteoarthritis- 
A New Zealand regional study. Archives of Orthopaedic and Trauma Surgery. 
https://doi.org/10.1007/s00402-025-06092-4  

Pearce, A., Joshi, C., Chan, G., Lamberton, T., MacLean, S., Vane, A., & Hebert-losier, K. (2025b). Fifteen-
year patient-reported outcomes of a cemented flanged cup and stem combination in primary 
total hip arthroplasty: A New Zealand study. HIP International. 
https://doi.org/10.1177/11207000251371132  

Pearce, A., Joshi, C., Chan, G., Lamberton, T., MacLean, S., Vane, A., & Hebert-Losier, K. (2026). Patient-
reported outcome measure comparison of two cemented primary total hip arthroplasty implant 
combinations for osteoarthritis: A regional New Zealand study. European Journal of Orthopaedic 
Surgery and Traumatology, 36(1). https://doi.org/10.1007/s00590-026-04734-w  

Pedersen, A. B., Mehnert, F., Havelin, L. I., Furnes, O., Herberts, P., Kärrholm, J., Garellick, G., Mäkela, K., 
Eskelinen, A., & Overgaard, S. (2014). Association between fixation technique and revision risk in 
total hip arthroplasty patients younger than 55 years of age. Results from the Nordic Arthroplasty 
Register Association. Osteoarthritis and Cartilage, 22(5), 659-667. 
https://doi.org/10.1016/J.JOCA.2014.03.005  

Penfold, C. M., Judge, A., Sayers, A., Whitehouse, M. R., Wilkinson, J. M., & Blom, A. W. (2022). Temporal 
trends in comorbidity in adult elective hip and knee arthroplasty patients in England: A national 
population-based cohort study from the National Joint Registry. The Bone & Joint Journal, 104-
B(9), 1052-1059. https://doi.org/10.1302/0301-620X.104B9.BJJ-2022-0013.R1  

Pennington, M., Grieve, R., Black, N., & van der Meulen, J. H. (2013). Functional outcome, revision rates 
and mortality after primary total hip replacement: A national comparison of nine prosthesis 
brands in England. PLOS ONE, 8(9), e73228-e73228. 
https://doi.org/10.1371/JOURNAL.PONE.0073228  

Pennington, M., Grieve, R., Sekhon, J. S., Gregg, P., Black, N., & van der Meulen, J. H. (2013). Cemented, 
cementless, and hybrid prostheses for total hip replacement: Cost eƯectiveness analysis. British 
Medical Journal, 346(7901), 12-12. https://doi.org/10.1136/bmj.f1026  

Pennington, M. W., Grieve, R., & Van Der Meulen, J. H. (2015). Lifetime cost eƯectiveness of diƯerent 
brands of prosthesis used for total hip arthroplasty: A study using the NJR dataset. The Bone & 
Joint Journal, 97-B(6), 762-770. https://doi.org/10.1302/0301-620X.97B6.34806/PDF  

Perino, G., Sunitsch, S., Huber, M., Ramirez, D., Gallo, J., Vaculova, J., Natu, S., Kretzer, J. P., Muller, S., 
Thomas, P., Thomsen, M., Krukemeyer, M. G., Resch, H., Hugle, T., Waldstein, W., Boettner, F., 
Gehrke, T., Sesselmann, S., Ruther, W.,…Krenn, V. (2018). Diagnostic guidelines for the 
histological particle algorithm in the periprosthetic neo-synovial tissue. BMC Clinical Pathology, 
18, 7. https://doi.org/10.1186/s12907-018-0074-3  

Perticarini, L., Andriollo, L., Righini, R., Rudy, S., & Benazzo, F. (2024). Trends in hip arthroplasty 
cementation: Insights from an Italian registry of 142,113 patients. Prosthesis, 6(6), 1329-1339. 
https://doi.org/10.3390/prosthesis6060096  

Pilc, E. M., Ahiarakwe, U., Anand, K., Cyrus, J., Golladay, G. J., & Patel, N. K. (2025). Low socioeconomic 
status is associated with worse patient-reported outcomes following total joint arthroplasty: A 



182 
 

systematic review. Journal of Arthroplasty, 40(5), 1358-1366 e1352. 
https://doi.org/10.1016/j.arth.2024.10.120  

Pivec, R., Issa, K., Naziri, Q., Kapadia, B. H., Bonutti, P. M., & Mont, M. A. (2014). Opioid use prior to total 
hip arthroplasty leads to worse clinical outcomes. International Orthopaedics, 38(6), 1159-1165. 
https://doi.org/10.1007/s00264-014-2298-x  

Pocock, S. J., Clayton, T. C., & Altman, D. G. (2002). Survival plots of time-to-event outcomes in clinical 
trials: Good practice and pitfalls. Lancet, 359(9318), 1686-1689. https://doi.org/10.1016/S0140-
6736(02)08594-X  

Podmore, B., Hutchings, A., van der Meulen, J., Aggarwal, A., & Konan, S. (2018). Impact of comorbid 
conditions on outcomes of hip and knee replacement surgery: A systematic review and meta-
analysis. British Medical Journal Open, 8(7), e021784. https://doi.org/10.1136/bmjopen-2018-
021784  

Pojala, C. V., Moga, M. A., Pojala, C. E., Roman, N. A., Necula, R. D., Toma, S. I., Manea, R. M., & Dima, L. 
(2025). Integrative phenotyping of knee osteoarthritis: Linking WOMAC cut-oƯs, Kellgren-
Lawrence grades, and cluster analysis for personalized care. Life (Basel), 15(10). 
https://doi.org/10.3390/life15101542  

Posit, T. (2023). RStudio: Integrated Development Environment for R. Posit Software. In PBC. Boston, MA.  
Premnath, V., Harris, W. H., Jasty, M., & Merrill, E. W. (1996). Gamma sterilization of UHMWPE articular 

implants: An analysis of the oxidation problem. Ultra High Molecular Weight Poly Ethylene. 
Biomaterials, 17(18), 1741-1753. https://doi.org/10.1016/0142-9612(95)00349-5  

Press, O. U. (2023). Oxford English Dictionary. Oxford University Press. 
https://www.oed.com/dictionary/mana  

Pulik, Ł., Romaniuk, K., Jaśkiewicz, K., Wojtyński, P., Łȩgosz, P., & Małdyk, P. (2020). An update on joint-
specific outcome measures in total hip replacement. Reumatologia, 58(2), 107-107. 
https://doi.org/10.5114/REUM.2020.95366  

Putman, S., Preda, C., Girard, J., Duhamel, A., & Migaud, H. (2021). Mapping and crosswalk of the Oxford 
Hip Score and diƯerent versions of the Hip Disability and Osteoarthritis Outcome Score. Clinical 
Orthopaedics and Related Research, 479(7), 1534-1544. 
https://doi.org/10.1097/CORR.0000000000001675  

Quiceno, E., Correa, C. D., Tamayo, J. A., & Zuleta, A. A. (2024). Statistical models and implant 
customization in hip arthroplasty: Seeking patient satisfaction through design. Heliyon, 10(20), 
e38832. https://doi.org/10.1016/j.heliyon.2024.e38832  

Rahiri, J. L., Alexander, Z., Harwood, M., Koea, J., & Hill, A. G. (2018). Systematic review of disparities in 
surgical care for Maori in New Zealand. ANZ Journal of Surgery, 88(7-8), 683-689. 
https://doi.org/10.1111/ans.14310  

Rahiri, J. L., Appleby, N., Kahi, M., Wheeler, A., Tuhoe, J., Ameratunga, S., Love, R., MacFater, W., & 
Harwood, M. (2025). The responsiveness of surgical research to Maori in Aotearoa, New Zealand: 
A scoping review. The Lancet Regional Health. Western Pacific., 55, 101487. 
https://doi.org/10.1016/j.lanwpc.2025.101487  

Rahiri, J. L., Tuhoe, J., Harwood, M., & Koea, J. (2022). Understanding surgical disease and care for Maori 
in Aotearoa: Protocol for a scoping review. British Medical Journal Open, 12(4), e058784. 
https://doi.org/10.1136/bmjopen-2021-058784  

Ravi, B., Jenkinson, R., Austin, P. C., Croxford, R., Wasserstein, D., Escott, B., Paterson, J. M., Kreder, H., & 
Hawker, G. A. (2014). Relation between surgeon volume and risk of complications after total hip 
arthroplasty: Propensity score matched cohort study. British Medical Journal, 348, g3284. 
https://doi.org/10.1136/bmj.g3284  

Ray, G. S., Ekelund, P., Nemes, S., Rolfson, O., & Mohaddes, M. (2020). Changes in health-related quality 
of life are associated with patient satisfaction following total hip replacement: An analysis of 
69,083 patients in the Swedish Hip Arthroplasty Register. Acta Orthopaedica, 91(1), 48-52. 
https://doi.org/10.1080/17453674.2019.1685284  

Reid, P., Paine, S. J., Te Ao, B., Willing, E. J., Wyeth, E., Vaithianathan, R., & Loring, B. (2022). Estimating the 
economic costs of Indigenous health inequities in New Zealand: A retrospective cohort analysis. 
British Medical Journal Open, 12(10), e065430. https://doi.org/10.1136/bmjopen-2022-065430  

Reine, S. T., Xi, Y., Chhabra, A., LaCross, J., Kohli, A., & Wells, J. E. (2022). Does preoperative activity level 
aƯect postoperative outcomes following total hip arthroplasty? Journal of Arthroplasty, 37(7), 
1314-1319. https://doi.org/10.1016/j.arth.2022.03.009  



183 
 

Reisinger, L., Cozowicz, C., Poeran, J., Zhong, H., Illescas, A., Giannakis, P., Liu, J., & Memtsoudis, S. G. 
(2025). Trends in comorbidities and complications among patients undergoing elective total hip 
and knee arthroplasty in the USA. Anaesthesia, 80(5), 543-550. 
https://doi.org/10.1111/anae.16529  

Ren, R., Lim, T. Y., Stern, B. Z., Huang, H. H., Poeran, J., Hayden, B. L., Chen, D. D., & Moucha, C. S. (2023). 
Relationships between preoperative mental health and improvements in patient-reported 
outcomes after total hip and knee arthroplasty. The Journal of Arthroplasty, 38(4), 655-661.e653. 
https://doi.org/10.1016/J.ARTH.2022.10.043  

Ries, M. D. (2008). Review of the evolution of the cementless acetabular cup. Orthopedics, 31(12 Suppl 
2). https://www.ncbi.nlm.nih.gov/pubmed/19298028  

Robins, S., Martinson, E., Leitch, G., & Clement, N. D. (2026). Predictors associated with failing to achieve 
a patient-acceptable symptom state in the Oxford Knee Score following total knee arthroplasty. 
Knee, 60, 104354. https://doi.org/10.1016/j.knee.2026.104354  

Rogers, N. B., Grits, D., Emara, A. K., Higuera, C. A., Molloy, R. M., Klika, A. K., & Piuzzi, N. S. (2022). 
Preoperative Veterans Rand-12 Mental Composite Score of < 40 leads to increased healthcare 
utilization and diminished improvement after primary knee arthroplasty. Journal of Arthroplasty, 
37(11), 2178-2185. https://doi.org/10.1016/J.ARTH.2022.05.033  

Rolfson, O., Bohm, E., Franklin, P., Lyman, S., Denissen, G., Dawson, J., Dunn, J., Eresian Chenok, K., 
Dunbar, M., Overgaard, S., Garellick, G., & Lübbeke, A. (2016). Patient-reported outcome 
measures in arthroplasty registries: Report of the Patient-Reported Outcome Measures Working 
Group of the International Society of Arthroplasty Registries Part II. Recommendations for 
selection, administration, and analysis. Acta Orthopaedica, 87, 9-23. 
https://doi.org/10.1080/17453674.2016.1181816  

Ronda, J., & Wojnarowski, P. (2013). Analysis of wear of polyethylene hip joint cup related to its 
positioning in patient's body. Acta of Bioengineering and Biomechanics / Wrocław University of 
Technology., 15(1), 77-86. https://www.ncbi.nlm.nih.gov/pubmed/23957232  

Rothwell, A. G., Hooper, G. J., Hobbs, A., & Frampton, C. M. (2010). An analysis of the Oxford hip and knee 
scores and their relationship to early joint revision in the New Zealand Joint Registry. The Journal 
of Bone and Joint Surgery. British Volume. Series B, 92(3), 413-418. https://doi.org/10.1302/0301-
620X.92B3.22913  

Ryan, J. C., Duensing, I. M., NovicoƯ, W. M., & Browne, J. A. (2022). Are we training surgeons to cement a 
femoral component in hip arthroplasty? The trainees' perspective. Journal of Arthroplasty, 37(7S), 
S536-S539. https://doi.org/10.1016/j.arth.2022.03.005  

Sashegyi, A., & Ferry, D. (2017). On the interpretation of the hazard ratio and communication of survival 
benefit. Oncologist, 22(4), 484-486. https://doi.org/10.1634/theoncologist.2016-0198  

Sassoon, A. A., Taylor, J. M., Jimenez, E., Stancil, R., Cannady, D., & De, A. (2024). Periprosthetic fractures: 
A rising tide of hip arthroplasty failure noted in the American Joint Replacement Registry and the 
preventative role of cemented stems. Journal of Arthroplasty, 39(9S2), S454-S458. 
https://doi.org/10.1016/j.arth.2024.06.038  

Satalich, J. R., Lombardo, D. J., Newman, S., Golladay, G. J., & Patel, N. K. (2022). Cementation in total hip 
arthroplasty: History, principles, and technique. EFORT Open Reviews, 7(11), 747-757. 
https://doi.org/10.1530/EOR-22-0002  

Sayed-Noor, A. S., Mukka, S., Mohaddes, M., Kärrholm, J., & Rolfson, O. (2019). Body mass index is 
associated with risk of reoperation and revision after primary total hip arthroplasty: A study of the 
Swedish Hip Arthroplasty Register including 83,146 patients. Acta Orthopaedica, 90(3), 220-225. 
https://doi.org/10.1080/17453674.2019.1594015  

Schmalzried, T. P., Jasty, M., Rosenberg, A., & Harris, W. H. (1993). Histologic identification of 
polyethylene wear debris using Oil Red O stain. Journal of Applied Biomaterial, 4(2), 119-125. 
https://doi.org/10.1002/jab.770040202  

Schmalzried, T. P., Kwong, L. M., Jasty, M., Sedlacek, R. C., Haire, T. C., O'Connor, D. O., Bragdon, C. R., 
Kabo, J. M., Malcolm, A. J., & Harris, W. H. (1992). The mechanism of loosening of cemented 
acetabular components in total hip arthroplasty. Analysis of specimens retrieved at autopsy. 
Clinical Orthopaedic Related Research(274), 60-78. 
https://www.ncbi.nlm.nih.gov/pubmed/1729024  

Schmitz, M. W. J. L., Timmer, C., Rijnen, W. H. C., Gardeniers, J. W. M., & Schreurs, B. W. (2013). Clinical 
and radiological outcome of the cemented Contemporary acetabular component in patients < 50 



184 
 

years of age. The Bone & Joint Journal, 95 B(12), 1617-1625. https://doi.org/10.1302/0301-
620X.95B12.31292  

Schnell-Inderst, P., Iglesias, C. P., Arvandi, M., Ciani, O., Matteucci Gothe, R., Peters, J., Blom, A. W., 
Taylor, R. S., & Siebert, U. (2017). A bias-adjusted evidence synthesis of RCT and observational 
data: The case of total hip replacement. Health Economics, 26 Suppl 1, 46-69. 
https://doi.org/10.1002/hec.3474  

Schulze, C., Morgenroth, R., Bader, R., Kluess, D., & Haas, H. (2020). Fixation stability of uncemented 
acetabular cups with respect to diƯerent bone defect sizes. Journal of Arthroplasty, 35(6), 1720-
1728. https://doi.org/10.1016/j.arth.2020.01.019  

Schwartz, C. E., Rapkin, B. D., Sniderman, J., & Finkelstein, J. A. (2022). Appraisal and patient-reported 
outcomes following total hip arthroplasty: A longitudinal cohort study. Journal of Patient 
Reported Outcomes, 6(1), 93. https://doi.org/10.1186/s41687-022-00498-z  

Schwarz, G. (1978). Estimating the Dimension of a Model. The Annals of Statistics, 6, 461-464. 
http://www.jstor.org/stable/2958889  

Seddigh, S., Lethbridge, L., Theriault, P., Matwin, S., & Dunbar, M. J. (2021). Association between surgical 
wait time and hospital length of stay in primary total knee and hip arthroplasty. Bone & Joint 
Open, 2(8), 679-684. https://doi.org/10.1302/2633-1462.28.BJO-2021-0033.R1  

Selim, A. J., Qian, S. X., Rogers, W., Arya, D., Simmons, K., Shapiro, G. D., Sonis, L. A., & Kazis, L. E. (2019). 
Health status in adults with chronic conditions: Intervention strategies for improving patient-
reported outcomes. The Journal of Ambulatory Care Management, 42(1), 2-20. 
https://doi.org/10.1097/JAC.0000000000000262  

Serge Somda, Y. O., Eric Dabone, Eve Leconte, and Thomas Filleron. (2021). Assessing the sensitivity of 
the Kaplan-Meier confidence interval according to the median follow-up. Journal of Biostatistics, 
18, 67-85.  

Shah, S. M. (2019). Survival and outcomes of diƯerent head sizes in primary total hip arthroplasty. Journal 
of Orthopaedics, 16(6), A1-A3. https://doi.org/10.1016/j.jor.2019.10.001  

Sharkey, P. F., Sethuraman, V., Hozack, W. J., Rothman, R. H., & Stiehl, J. B. (1999). Factors influencing 
choice of implants in total hip arthroplasty and total knee arthroplasty: Perspectives of surgeons 
and patients. Journal of Arthroplasty, 14(3), 281-287. https://doi.org/10.1016/s0883-
5403(99)90052-9  

Shichman, I., Roof, M., Askew, N., Nherera, L., Rozell, J. C., Seyler, T. M., & Schwarzkopf, R. (2023). 
Projections and epidemiology of primary hip and knee arthroplasty in Medicare patients to 2040-
2060. Journal of Bone and Joint Surgery Open Access, 8(1). 
https://doi.org/10.2106/JBJS.OA.22.00112  

Simon, S. J., Grant, A. R., Niu, R., Olatunbosun, S., Talmo, C. T., & Hollenbeck, B. L. (2025). Which patient 
factors influence pre-operative and post-operative completion of patient reported outcome 
surveys in total joint replacement surgery? Journal of Orthopaedics, 68, 131-136. 
https://doi.org/10.1016/j.jor.2024.12.006  

Singh, J. A. (2024). Does the money matter? Disparities in total joint replacement outcomes by income. 
Osteoarthritis Cartilage, 32(2), 121-123. https://doi.org/10.1016/j.joca.2023.11.001  

Singh, J. A., Mehta, B., Mirza, S. Z., Figgie, M. P., Sculco, P., Parks, M., & Goodman, S. M. (2021). When has 
a knee or hip replacement failed? A patient perspective. Journal of Rheumatology, 48(3), 447-
453. https://doi.org/10.3899/jrheum.191024  

Singleton, N., Buddicom, E., Vane, A., & Poutawera, V. (2013). Are there diƯerences between Māori and 
non-Māori patients undergoing primary total hip and knee arthroplasty surgery in New Zealand? A 
registry-based cohort study. Journal of the New Zealand Medical Association NZMJ, 126, 8716-
8716. https://doi.org/10.1177/2309499017718902  

Slingerland, S. R., Moers, L. A. M., Medendorp, N. M., van der Nat, P. B., Derks, L., Timmermans, M. J. C., 
de Keizer, N., Ten Dam, M., Denissen, G., & van Veghel, D. (2024). The use of outcome data from 
quality registries to learn and improve: A Dutch nationwide quantitative analysis in five disease 
areas. BMC Health Services Research, 24(1), 1296. https://doi.org/10.1186/s12913-024-11760-z  

Small, S. R., Berend, M. E., Howard, L. A., Rogge, R. D., Buckley, C. A., & Ritter, M. A. (2013). High initial 
stability in porous titanium acetabular cups: a biomechanical study. Journal of Arthroplasty, 
28(3), 510-516. https://doi.org/10.1016/j.arth.2012.07.035  

Snell, D. L., Dunn, J. A., Sinnott, K. A., Hsieh, C. J., Jong, G., & Hooper, G. J. (2019). Joint replacement 
rehabilitation and the role of funding source. Journal of Rehabilitation Medicine, 51(10), 770-778. 
https://doi.org/10.2340/16501977-2600  



185 
 

Solarino, G., Bizzoca, D., Moretti, A. M., D'Apolito, R., Moretti, B., & Zagra, L. (2022). Sex and gender-
related diƯerences in the outcome of total hip arthroplasty: A current concepts review. Medicina 
(Kaunas), 58(12). https://doi.org/10.3390/medicina58121702  

Sorensen, H. T. (1997). Regional administrative health registries as a resource in clinical epidemiology. A 
study of options, strengths, limitations and data quality provided with examples of use. The 
International Journal of Risk & Safety in Medicine, 10(1), 1-22. https://doi.org/10.3233/JRS-1997-
10101  

Sox, H. C., & Goodman, S. N. (2012). The methods of comparative eƯectiveness research. Annual Review 
of Public Health, 33, 425-445. https://doi.org/10.1146/annurev-publhealth-031811-124610  

Spece, H., Kurtz, M. A., Piuzzi, N. S., & Kurtz, S. M. (2025). Patient-reported outcome measures oƯer little 
additional value two years after arthroplasty: A systematic review and meta-analysis. The Bone & 
Joint Journal, 107-B(3), 296-307. https://doi.org/10.1302/0301-620X.107B3.BJJ-2024-0910.R1  

Spir, I. A. Z., Anzai, A., Utino, A., Katayama, H., Tosello, G., Nery, M. M., Anhesini, M., Tiezzi, O. S., Otani, 
P., & Bernardo, W. M. (2022). Comparison between ceramic-on-polyethylene versus metal-on-
polyethylene prostheses in Total Hip Arthroplasties: a systematic review and meta-analysis. Rev 
Assoc Med Bras (1992), 68(12), 1611-1618. https://doi.org/10.1590/1806-9282.022D6812  

St John, R., Spicer, S., Hadaya, M., Brancaccio, H., Park, S., & McMillan, S. (2024). Comparing functional 
outcomes between 3D printed acetabular cups and traditional prosthetic implants in hip 
arthroplasty: a systematic review and meta analysis. Archives of Orthopaedic and Trauma 
Surgery, 145(1), 99. https://doi.org/10.1007/s00402-024-05650-6  

Stafinski, T., Nagase, F. N. I., Brindle, M. E., White, J., Young, A., Beesoon, S., Cleary, S., & Menon, D. 
(2022). Reducing wait times to surgery: An international review. Journal of Hospital Management 
and Health Policy, 6. https://jhmhp.amegroups.org/article/view/7456  

Stats-NZ. (2023). Our region: Bay of Plenty. Retrieved 28 June 2024 from 
https://www.stats.govt.nz/infographics/detailed-regional-infographics-from-2023-census/our-
region-bay-of-
plenty/#:~:text=Under%2015%20years:%2019.9%25%20%7C,to%20talk):%202.1%25%20%7C
%206%2C948 

Stea, S., Comfort, T., Sedrakyan, A., Havelin, L., Marinelli, M., Barber, T., Paxton, E., Banerjee, S., Isaacs, 
A. J., & Graves, S. (2014). Multinational comprehensive evaluation of the fixation method used in 
hip replacement: Interaction with age in context. The Journal of Bone and Joint Surgery. American 
Volume, 96, 42-51. https://doi.org/10.2106/JBJS.N.00463  

Sterne, J. A. C., Savović, J., Page, M. J., Elbers, R. G., Blencowe, N. S., Boutron, I., Cates, C. J., Cheng, H. Y., 
Corbett, M. S., Eldridge, S. M., Emberson, J. R., Hernán, M. A., Hopewell, S., Hróbjartsson, A., 
Junqueira, D. R., Jüni, P., Kirkham, J. J., Lasserson, T., Li, T.,…Higgins, J. P. T. (2019). RoB 2: A 
revised tool for assessing risk of bias in randomised trials. British Medical Journal, 366, l4898. 
https://doi.org/10.1136/BMJ.L4898  

Stevens, J., Macpherson, G., & Howie, C. (2018). Bone preserving techniques for explanting the well-fixed 
cemented acetabular component. Journal of Orthopaedics, 15(2), 500-505. 
https://doi.org/10.1016/j.jor.2018.03.037  

Stilwell, J., Reid, D., & Larmer, P. (2025). Implementation of an orthopaedic triage service for osteoarthritis 
in the New Zealand public health system: Patient, physiotherapist, manager, and general 
practitioner perspectives. New Zealand Journal of Physiotherapy, 53(2), 38-51. 
https://doi.org/10.15619/nzjp.v53i2.411  

Stisen, M. B., Mechlenburg, I., Bearne, L. M., Godfrey, E., Pedersen, A. B., & Sorensen, D. (2024). Exploring 
needs, barriers to, and facilitators of rehabilitation exercise following revision hip replacement: A 
grounded theory study. Disability and Rehabilitation, 46(21), 5012-5020. 
https://doi.org/10.1080/09638288.2023.2295008  

Stone, A. H., MacDonald, J. H., Joshi, M. S., & King, P. J. (2019). DiƯerences in perioperative outcomes and 
complications between African American and White patients after total joint arthroplasty. Journal 
of Arthroplasty, 34(4), 656-662. https://doi.org/10.1016/j.arth.2018.12.032  

Stryker. (2004). Trident- Ceramic Acetabular System. . http://www.rpa.spot.pt/getdoc/a7c6bcaf-
b9a5-4760-8391-bc36cb4e8049/TRIDENT-Ceramic-Acetabular-System-(Stryker)  

Stryker. (2023). Stryker Orthopaedics. Retrieved 06 March from 
https://www.stryker.com/au/en/portfolios/orthopaedics/joint-replacement.html 



186 
 

Sukhera, J. (2022). Narrative reviews: Flexible, rigorous, and practical. Journal of Graduate Medical 
Education, 14(4), 414-417. https://doi.org/10.4300/JGME-D-22-00480.1  

Sutton, P. M., & Murray, J. S. (2025). The National Joint Registry 22 years on: What have we learned about 
knee replacements? Orthopaedics and Trauma, 39(1), 74-80. 
https://www.orthopaedicsandtraumajournal.co.uk/article/S1877-1327(24)00141-
6/fulltext  

Thiesen, D. M., Ntalos, D., Korthaus, A., Petersik, A., Frosch, K. H., & Hartel, M. J. (2022). A comparison 
between Asians and Caucasians in the dimensions of the femoral isthmus based on a 3D-CT 
analysis of 1189 adult femurs. European Journal of Trauma and Emergency Surgery, 48(3), 2379-
2386. https://doi.org/10.1007/s00068-021-01740-x  

Tigani, D., Lamattina, L., Puteo, N., Donadono, C., Banci, L., Colombo, M., Pizzo, A., & Assenza, A. (2025). 
Novel clinical applications of 3D-printed highly porous titanium for oƯ-the-shelf cementless joint 
replacement prostheses. Biomimetics (Basel), 10(9). 
https://doi.org/10.3390/biomimetics10090634  

Toci, G. R., Magnuson, J. A., DeSimone, C. A., Stambough, J. B., Star, A. M., & Saxena, A. (2022). A 
systematic review and meta-analysis of non-database comparative studies on cemented versus 
uncemented femoral stems in primary elective total hip arthroplasty. Journal of Arthroplasty, 
37(9), 1888-1894. https://doi.org/10.1016/J.ARTH.2022.03.086  

Tsertsvadze, A., Grove, A., Freeman, K., Court, R., Johnson, S., Connock, M., Clarke, A., & SutcliƯe, P. 
(2014). Total hip replacement for the treatment of end stage arthritis of the hip: A systematic 
review and meta-analysis. PLoS One, 9(7), e99804. 
https://doi.org/10.1371/journal.pone.0099804  

Tucker, K. K., & Mont, M. A. (2023). Working toward health equity and diversity in our field of hip and knee 
arthroplasty. Journal of Arthroplasty, 38(11), 2202-2203. 
https://doi.org/10.1016/j.arth.2023.09.017  

Tynkkynen, L. K., & Vrangbaek, K. (2018). Comparing public and private providers: A scoping review of 
hospital services in Europe. BMC Health Services Research, 18(1), 141. 
https://doi.org/10.1186/s12913-018-2953-9  

Vaishya, R., Chauhan, M., & Vaish, A. (2013). Bone cement. Journal of Clinical Orthopaedics and Trauma, 
4(4), 157-163. https://doi.org/10.1016/j.jcot.2013.11.005  

Van der Merwe, L., Duke, C., Ung, Y., & Williams, K. (2018). The economic cost of arthritis in New Zealand 
in 2018. Deloitte Access Economics. https://www.arthritis.org.nz/assets-
prod/downloads/Research-Reports/Economic-cost-of-Arthritis-in-New-Zealand-2018.pdf 

van Koningsveld-Couperus, B. H., de Rooij, T., van Meeteren, N. L., Preckel, B., Hollmann, M. W., & 
Nieuwenhuijs-Moeke, G. J. (2025). Prehabilitation: A catalyst for transforming toward value-
based, personalized perioperative health and care. Journal of Clinical Medicine, 14(19). 
https://doi.org/10.3390/jcm14196747  

van Loon, J., Hoornenborg, D., Sierevelt, I., Opdam, K. T., KerkhoƯs, G. M., & Haverkamp, D. (2020). Highly 
cross-linked versus conventional polyethylene inserts in total hip arthroplasty. A five-year 
Roentgen stereophotogrammetric analysis randomised controlled trial. World Journal of 
Orthopedics, 11(10), 442-452. https://doi.org/10.5312/wjo.v11.i10.442  

Van Praet, F., & Mulier, M. (2019). To cement or not to cement acetabular cups in total hip arthroplasty: A 
systematic review and re-evaluation. Société Internationale de Chirurgie Orthopédique et de 
Traumatologie, 5, 35. https://doi.org/10.1051/sicotj/2019032  

vanWinterswijk, P. J. T. S., Whitehouse, S. L., Timperley, A. J., Hubble, M. J. W., Howell, J. R., & Wilson, M. J. 
(2017). The Rim Cutter does not show an advantage over modern cementing techniques: A five-
year radiological and clinical follow-up of the Rim Cutter used with flanged acetabular 
components. The Bone & Joint Journal, 99-B(11), 1450-1457. https://doi.org/10.1302/0301-
620X.99B11.BJJ-2017-0138.R1  

Varacallo, M., Chakravarty, R., Denehy, K., & Star, A. (2018). Joint perception and patient perceived 
satisfaction after total hip and knee arthroplasty in the American population. Journal of 
Orthopaedics, 15(2), 495-499. https://doi.org/10.1016/j.jor.2018.03.018  

Veldman, H. D., de Bot, R., Heyligers, I. C., Boymans, T., & Hiligsmann, M. (2021). Cost-eƯectiveness 
analyses comparing cemented, cementless, hybrid and reverse hybrid fixation in total hip 
arthroplasty: A systematic overview and critical appraisal of the current evidence. Expert Review 



187 
 

of Pharmacoeconomics & Outcomes Research, 21(4), 579-593. 
https://doi.org/10.1080/14737167.2021.1878880  

Vergari, C., Kim, Y., Takemoto, M., Tokuyasu, H., Shimizu, Y., Tanaka, C., Fukae, S., Fujibayashi, S., & 
Matsuda, S. (2024). The relationship between spino-pelvic-hip mobility and quality of life before 
and after total hip arthroplasty. Archives of Orthopaedic and Trauma Surgery, 144(3), 1379-1387. 
https://doi.org/10.1007/s00402-023-05094-4  

von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Gotzsche, P. C., Vandenbroucke, J. P., & Initiative, S. 
(2007). The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 
statement: Guidelines for reporting observational studies. PLoS Medicine, 4(10), e296. 
https://doi.org/10.1371/journal.pmed.0040296  

Wang, Z., Xiao, Z., Sun, C., Xu, G., & He, J. (2024). Global, regional and national burden of osteoarthritis in 
1990-2021: A systematic analysis of the global burden of disease study 2021. BMC 
Musculoskeletal Disorders, 25(1), 1021. https://doi.org/10.1186/s12891-024-08122-5  

Wasterlain, A. S., Bello, R. J., Vigdorchik, J., Schwarzkopf, R., & Long, W. J. (2017). Surgeons' perspectives 
on premium implants in total joint arthroplasty. Orthopedics, 40(5), e825-e830. 
https://doi.org/10.3928/01477447-20170619-02  

Williams, P., Hannah, A., Henley, E., Frampton, C., & Hooper, G. (2024). Trends in revision hip 
replacement surgery - a 21-year review of the New Zealand Joint Registry. Medical Research 
Archives, 12(5). https://doi.org/10.18103/mra.v12i5.5253  

Wilson, R. A., Gwynne-Jones, D. P., Sullivan, T. A., & Abbott, J. H. (2021). Total Hip and Knee Arthroplasties 
Are Highly Cost-EƯective Procedures: The Importance of Duration of Follow-Up. J Arthroplasty, 
36(6), 1864-1872 e1810. https://doi.org/10.1016/j.arth.2021.01.038  

WOMAC. (2021). WOMAC - AUSCAN - Osteoarthritis Global Index. Retrieved 01 June 2023 from 
https://www.womac.com/womac/ 

Wyatt, M., Frampton, C., Whitehouse, M., Deere, K., Sayers, A., & Kieser, D. (2021). Benchmarking total 
hip replacement constructs using noninferiority analysis: The New Zealand joint registry study. 
BMC Musculoskeletal Disorders, 22(1), 1-9. https://doi.org/10.1186/S12891-021-04602-0  

Xie, X., Zhang, K., Li, Y., Li, Y., Li, X., Lin, Y., Huang, L., & Tian, G. (2025). Global, regional, and national 
burden of osteoarthritis from 1990 to 2021 and projections to 2035: A cross-sectional study for 
the Global Burden of Disease Study 2021. PLoS One, 20(5), e0324296. 
https://doi.org/10.1371/journal.pone.0324296  

Yamate, S., Hamai, S., Lyman, S., Konishi, T., Kawahara, S., Yamaguchi, R., Hara, D., & Motomura, G. 
(2023). Clinical evaluation of hip joint diseases: Total hip arthroplasty to support patients’ quality 
of life. The Journal of Joint Surgery and Research, 1(1), 18-25. 
https://doi.org/10.1016/J.JJOISR.2022.12.004  

Yeo, M. G. H., Goh, G. S., Chen, J. Y., Lo, N. N., Yeo, S. J., & Liow, M. H. L. (2020). Are Oxford Hip Score and 
Western Ontario and McMaster Universities Osteoarthritis Index useful predictors of clinical 
meaningful improvement and satisfaction after total hip arthroplasty? Journal of Arthroplasty, 
35(9), 2458-2464. https://doi.org/10.1016/j.arth.2020.04.034  

Yue, C., Cui, G., Ma, M., Tang, Y., Li, H., Liu, Y., & Zhang, X. (2022). Associations between smoking and 
clinical outcomes after total hip and knee arthroplasty: A systematic review and meta-analysis. 
Frontiers in Surgery, 9, 1-18. https://doi.org/10.3389/fsurg.2022.970537  

Zhang, B., Rao, S., Mekkawy, K. L., Rahman, R., Sarfraz, A., Hollifield, L., Runge, N., & Oni, J. K. (2023). 
Risk factors for pain after total hip arthroplasty: A systematic review. Arthroplasty, 5(1), 19. 
https://doi.org/10.1186/s42836-023-00172-9  

Zhang, C. F., Yan, C.H., Zhang, W.M,. (2017). Cemented or cementless fixation for primary hip 
arthroplasty- Evidence from the International Joint Replacement Registries. Annals of Joint, 2, 1-
10. https://doi.org/10.21037/aoj.2017.09.03  

Zhang, S., Tay, D. K. J., Pang, H. N., Lo, N. N., Yeo, S. J., & Liow, M. H. L. (2022). Preoperative mental 
distress is associated with poorer physical improvements after revision total hip arthroplasty. 
Journal of Orthopaedics, 35, 18-23. https://doi.org/10.1016/J.JOR.2022.10.007  

  



188 
 

Supplementary tables 

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

Time period Revisions Revision reason 
 (n) of 
each  Revision type performed 

0-1 year 3 

Dislocation 2 
Change of femoral head  

Loosening Acetabulum (low grade infection) 1 Change of acetabulum 

1-5 years 4 

Periprosthetic fracture 2 Change of femoral stem 

Dislocation 1 Change of acetabulum 

Pain 1 Change of acetabulum and head  

5-10 years 6 

Dislocation 3 

Change of acetabulum and head 

Change of head 

 

Infection 2 
Change of femur and acetabulum 

Change of all 

Pain 1 Change of all 

10-15 years 4 

Aseptic loosening- Acetabulum 2 Change of acetabulum and head 

Aseptic loosening- Acetabulum and stem 1 Change of all 

Periprosthetic fracture 1 Change of femur and head 
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Supplementary Table 2. DescripƟve staƟsƟcs of preoperaƟve paƟent characterisƟcs for all observaƟons of ECF primary total hip arthroplasty for osteoarthriƟs 

  Sex  Funding Pathway  Ethnicity 

Variable Sample n= 388 
Men n = 170 

(44%) 
Women n = 218 

(56%)   
Public n= 133 

(34%) 
Private n = 255 

(66%)   
NZEU n = 350 

(90%) 
Māori n = 16 

(4%) 
Other n = 22 

(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/m²) 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 †           

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

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

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

IV 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 paƟents, with percentage (number of paƟents 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 
osteoarthriƟs 

 Rimfit ECF p - value 
Total 53 7 0.134 
Age (years) mean ± SD 71.6 ± 8.3 74.9 ± 10.1 0.566 
BMI (kg/m²) 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 
Māori 9 0   

AbbreviaƟons: ASA, American Society of Anesthesiologists grading; BMI, body mass index; NZEU, New 
Zealand European; SD, standard deviaƟon 
† Missing values have not been included in proporƟon difference calculaƟons 
* 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 
osteoarthriƟs 

  Rimfit Trident p - value 
Total 53 53 1 
Age (years) mean ± SD 71.6 ± 8.3 68.09 ± 9.96 0.052 
BMI (kg/m²) 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 
Māori 9 12   

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 proporƟon difference calculaƟons 
* Significance set at p < 0.05 
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Appendix A. SystemaƟc review publicaƟon 
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Appendix B. Ten-year survival comparison of two cemented 

implants in primary total hip arthroplasty for osteoarthriƟs: a New 

Zealand regional study 
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Appendix C. FiŌeen-year Exeter Contemporary Flanged cup paƟent-

reported outcome measures publicaƟon 
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Appendix D. PaƟent-reported outcome measures comparison of 

two cemented primary total hip arthroplasty implant combinaƟons 

for osteoarthriƟs: A regional New Zealand study 
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Appendix E. Wintec lightening talks presentaƟon 
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Appendix F. Tauranga public lecture series presentaƟon 
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Appendix G. Tauranga Orthopaedic Research final presentaƟon 

(2025) 
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Appendix H. Abstract submission (InternaƟonal Society of 

Arthroplasty Registries, Lund, Sweden May 2026) 
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Appendix I. Ethical approval 
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Appendix J. Supplementary informaƟon for systemaƟc review 
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Appendix K. Example data collecƟon form for systemaƟc review 

 

Author Date Title info outcomes investigated n factors/predictors statistical analysis results bilateral subgroups register/area include

4 Bloemheuvel 2022

Comparable mortality but higher revision rate after 
uncemented compared with cemented total hip 

arthroplasties in patients 80 years and older: report of 
43,053 cases of the Dutch Arthroplasty Register.

observational study mortality rate and revison rate (80 
years and older)

mortality and revision 
risk in cemented, 

uncemented, hybrid, 
reverse hybrid

incidence of revision at 
1, 3 and 5 years- Kaplan 
Meier net revision rate 
with CI and competing 
risk with mortality. Cox 
regression. Hazard ratio 

with CI

39 984 
cemented 

22025, hybrid 
3243

ASA, age, sex, 
approach and 

head size

mortality stratified by 
age, sex, ASA and 
fixation method, 
multivariable cox 

regression for 
independent risk 
factors. Revision 

kaplan meier, 
competing risks 

analysis with 
adjustment

Mortality is comparable but 
revision rate is higher after 

uncemented compared 
with cemented THA in 

patients 80 years and older, 
higher risk of revision for 

uncemented. 

only 1 of the 
hips was 

included in 
bilateral 
surgery

OA only >80 years 
from males and 

females and ASA

Dutch register, 
2007 - 2019, 

yes

5 Carlsson 2006

Stepwise introduction of a bone-conserving 
osseointegrated hip arthroplasty using RSA and 

a randomized study: I. Preliminary investigations--52 
patients followed for 3 years.

RCT 52 patients, no hybrid here

6 Clohisy JC 2001
Matched pair analysis of cemented and cementless 

acetabular reconstruction in primary total hip 
arthroplasty. J Arthroplasty 16:697–705

matched pair/ matched cohort cemented cups with 
cemented stems, uncemented stems and uncemented cups 

and 39 hybrid (cup outcomes only with no direct stem 
details)

7 Conroy 2008
Risk factors for revision for early dislocation in total hip 

arthroplasty
observational 65 992 PTHA, 58109 PTHA osteo

revision procedure in 
which dislocation was 
listed as the reason for 

revison

20445 hybrid, 
cemented 8945

age sex femoral 
head size

logistic regression

age and sex have no 
significant effect on revision 
for dislocation, decreasing 
head diameter is assocated 

with increased risk, 
cementless acetabulm higher 

risk

does not 
directly state 

hybrid and 
fully 

cemented 
but the 

results are 
included

varied diagnosis, 
risk of revision due 
to early dislocation 
factors not general 

survivorship or 
PROMS

Australian 
Arthroplasty 

Register 1999-
2004

8 Dale, H 2020
Perioperative, short-, and long-term mortality related to 

fixation in primary total hip arthroplasty: a study on 
79,557 patients in the -Norwegian Arthroplasty Register.

patient survival analysis, mortality risk post surgery, 
perioperative death

9 Ekman 2019
Early postoperative mortality similar between cemented 
and uncemented hip arthroplasty: a register study based 

on Finnish national data.
observational study Mortality rates only not outcomes

10 Eskelinen 2005
Total hip arthroplasty for primary osteoarthrosis in 

younger patients in the Finnish arthroplasty register: 4 
661 Primary replacements followed for 0-22 years

Observational Finnish AR (risk of revision up to 22 years 
1980 and 2001 ) Cups and stems analysed seperately

11 Garland 2017
Risk of early mortality after cemented compared with 

cementless total hip arthroplasty: a nationwide matched 
cohort study

Matched cohort study. Subsequent analysis included hybrid 
and reverse hybrid mortality rate

12 Gwynne-Jones 2020
Cemented or uncemented acetabular fixation 12in 

combination with the exeter universal stem
long term observational study (surgeries that occurred 

between 1999-2005 at 15 year follow up)

implant survival - 
Primary- revision for 

any reason secondary - 
aseptic loosening, wear 

and osteolyis

total 1086, 
cemented 632, 

hybrid 454 

age group 
interaction 

Summary statistics, Chi 
squared tests for 

categorical, Fishers 
exact tests, mann 

whitney u, competing 
risks survival analysis, 
cumulative indicence 

curves

For young women,
hybrid implants that employ 

adequate press-fit acetabular 
fixa-

tion and either highly 
crosslinked PE or ceramic 

bearings may
provide the best balance of 

early improvement in 
outcome,

revision risk, and cost

not  stated
All indications for 
surgery included 

other than fracture

Otago hospital 
and NZJR records 

1999-2005
no

13 Havelin 2009
The Nordic Arthroplasty Register Association A unique 

collaboration between 3 national hip arthroplasty 
registries with 280,201 THRs

survival and revision risk 1995-2006 Observational, 
comparison of denmark, sweden and norway (info on 

hybrid and cemented Kaplan meier)
implant survival only

Denmark 69 
242, Sweden 

140 821, Norway 
70 138

survival, <60 
and > 60

kaplan meier, cox 
regression analysis 
and estimation of 
survival with RR of 

revision

mixed results? Sweden and 
Norway had high proportion 
of cemented prostheses and 

better overall survival thn 
Denmark who had the highest 
proprtion of uncemented. But 

only basic kaplan meier 
shows the hybrid

not stated
Many diagnoses, 

<60 and >=60

Nordic 
arthroplasty 

register 1995-2006
no

14 Hesseling 2019

Fast Starters, Slow Starters, and Late Dippers: 
Trajectories of Patient-Reported Outcomes after Total 

Hip Arthroplasty: Results from a Dutch Nationwide 
Database

Observational Dutch AR (up to 1 year) No dates in abstract 
prospective data, OA, 3 months, 6 month and 12 months

OHS up to 1 year post 
op

Latent class modeling to 
classify subgroups 

(OHS) Multivariable 
multinomial logistic 
regression analysis

6030 total 1233 
cemented, 273 

hybrid

age (>75 and 
equal to or <75, 
sex, smoking, 

BMI, ASA, 
Charnley class, 

previous 
prcedures, 

surgery type, 
fixation method

multivariable, 
multinomial logistic 
regression (latent 

basis model for the 
growth pattern in all 

models)

female, .75, obesity, ASA III or 
IV, lower preop health, 

lateral approach and fixatiob 
reduced progress

not stated
primary diagnosis 

OA, <75and >75
Dutch 2014-2016 yes

15 Hooper 2009
Revision following cemented and uncemented primary 
total hip replacement: A seven-year analysis from the 

New Zealand joint registry

Observational NZJR Rate of revision (1999 and December 
2006 )

rate of revision, by 
reason type of fixation 

and age

cemented 
16005 (302 

revised), hybrid 
15189 (334 

revised)

cemented, 
uncemented,hy

brid and 
reverse hybrid; 

revision rate 
with respect to 
age categories 

<55, <65 <75 and 
>75

calculated per 100 
years and kaplan 

meier

cemented lowest rate of 
revision overall, uncemented 

had lowest rate of aceptic 
loosening. Px under 55 have 

highest rate sof revision 
(have the hips for longer 

anyway)

not stated

Any diagnosis but 
primary only, <55, 
55-64, 65-74 and 

>75

NZJR 1999- 2006 no

16 Jameson 2015-02
Have cementless and resurfacing components improved 

the medium-term results of hip replacement for 
patients under 60 years of age? Acta Orthop 86(1), 7–17

Observational cement, cementless and hybrid included- 
worldwide registry data

PROMS, revsion risk and 
cost; OHS and EQ5D 

optimal and suboptimal 
cemented, 

uncemented, hybrid, 
resurfacing. Most 

common brands only

PROMS at 6 months but 
Survivorship data can 
be included. OA only

cemented 
survival analysis 

(1552) 
PROMS(163); 

hybrid for 
survival 

analysis(3238) 
PROMS (331)

patient 
summary 

statistics, <60, 
OHS and EQ5D, 

sex, age and 
ASA, cost 

PREOP AND 6 
montsh pots 

ONLY

competing risk models 
and hazard ratios, 

ANCOVA for PROMS

In young women, hybrids 
offer a balance of good early 
functional improvement and 

low revision risk. Fully 
cementless and resurfacing 
components are more costly 

and do not provide any 
additional benefit for 

younger patients.

not stated
OA only; male and 
female;  <60 years

England and 
wales (2003 and 

2010)

yes- 
survivors
hip data
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Appendix L. Te Whatu Ora paƟent-reported outcomes request and 

confidenƟality 
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Appendix M. Tauranga Orthopaedic Research Oxford Hip Score 

quesƟonnaire 
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Appendix N. Tauranga Orthopaedic Research WOMAC 

quesƟonnaire 
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Appendix N. Tauranga Orthopaedic Research VR-12 general health quesƟonnaire  
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Appendix O. New Zealand joint registry primary hip arthroplasty 

surgical data form 
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Appendix P. New Zealand joint registry paƟent consent form 
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Appendix Q. Co-author forms for Chapter 2, 3 and 4. 
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Appendix R. Proposed addiƟons to the New Zealand joint registry 

1. Enhanced Comorbidity Detail (Diagnosis-Level, Not Category-Level). Replace broad ASA-only 

classificaƟons with specific, clinically meaningful diagnosƟc fields. Use already exisƟng ICD-10-AM 

condiƟon diagnosƟc coding 

Include: 

a. Musculoskeletal and pain-related condiƟons including but not limited to: 

i. Chronic pain syndrome / central sensiƟsaƟon 

ii. Fibromyalgia 

iii. Chronic low back pain (duraƟon >3 months) 

iv. Neuropathic pain condiƟons 

v. OsteoarthriƟs severity in other major joints 

b. Metabolic and cardiovascular condiƟons including but not limited to: 

i. Type 1 and Type 2 diabetes (coded separately) 

ii. Diabetes control markers (HbA1c) 

iii. Obesity class (BMI numeric + class I/II/III derived) 

iv. Hypertension (treated/untreated) 

v. Hyperlipidaemia 

vi. Chronic kidney disease stage (1–5) 

c. Mental health condiƟons 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, sƟmulants; with “acƟve” vs “past” status) 

d. Inflammatory and autoimmune CondiƟons including but not limited to: 

i. Rheumatoid arthriƟs (disease acƟvity categorical: low/moderate/high if available) 

ii. PsoriaƟc arthriƟs 

iii. Systemic lupus erythematosus 

iv. Other inflammatory arthropathies 

e. Other high-impact condiƟons including but not limited to: 

i. COPD / asthma severity 

ii. Chronic liver disease 

iii. DemenƟa / mild cogniƟve impairment 

iv. Frailty score (e.g., Clinical Frailty Scale categorical 1–9) 

f. Pain and funcƟonal status detail (preoperaƟve) (WOMAC) 

i. PROMs are useful, but more granular pain profiles improve predicƟve accuracy. 

ii. Average opioid use (morphine-equivalent daily dose) 
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g. FuncƟonal variables including 

i. Use of walking aids (none, sƟck, frame) 

ii. Non walking or wheelchair bound 

iii. Falls in last 12 months (0, 1–2, ≥3) 

iv. PreoperaƟve physiotherapy uƟlisaƟon (yes/no + weeks aƩended) 

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 whānau / supported living) 

4. PerioperaƟve and rehabilitaƟon detail 

a. PerioperaƟve 

i. Smoking status (current/former/never) 

ii. Hazardous alcohol use (AUDIT-C categorical) 

iii. PreoperaƟve anaemia (yes/no + Hb value) 

iv. PreoperaƟve vitamin D deficiency (yes/no if tested) 

b. PostoperaƟve rehabilitaƟon 

i. Physiotherapy dose (number of sessions aƩended within first 3 months) 

ii. Mode of rehabilitaƟon (in-person, home-based, online) 

iii. Early complicaƟons (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. Māori-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 holisƟc, 

indigenous, or spiritual dimensions of Māori health.  

6. Data linkage fields 

a. NHI-based linkage to primary care data 

b. Linkage to pharmacy dispensing (opioids, anƟdepressants, NSAIDs) 

c. Linkage to ACC history (previous musculoskeletal claims) 

d. Linkage to social welfare datasets (for socioeconomic trajectory) 


