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Abstract

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

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

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

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

Introduction

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

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

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

Methods

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

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

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

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

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

This review focused specifically on studies reporting sur-
vival percentages and revision rates (absolute outcomes),
rather than those which modelled the risk of revision over
time. We were interested in how many hips had been revised
or remained unrevised at a specific timepoint rather than
the statistical likelihood of revision. This focus on abso-
lute outcomes allows for clarity and accessibility of easily
interpretable data with concrete outcomes [33], relevant
for decision making, such as benchmarking (national reg-
istry reports use survival percentage at 5, 10 or 15 years to
compare models) [11] and clinical planning (surgeons want
information on likelihood of a revision, not just the rela-
tive risk). This approach also aligns with real-world clinical
goals, such as identifying implants that consistently exceed
revision benchmarks [11].

Results

The initial search identified 1095 studies, with 9 studies
identified from citation searches. After duplicate removal,
1027 studies were excluded at title and abstract screening
(Fig. 1). Ultimately, 8 studies met inclusion. Five of these
reported on the primary outcome (all observational), and
three these addressed the secondary outcome (two ran-
domised control trials and one observational). We attempted
to contact three authors [34—36] for further information, but
no replies were received.
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O
*Excluded by automation tools.
** Excluded by human screening.
Fig. 1 PRISMA flow chart of the search strategy and study selection process
Table 1 Risk of bias assessment
Primary outcome (survival) Secondary outcomes (PROMs/HRQOL)
Bloem- Jamsen Kan- Makela Ped- Nilsdot- Norman-  Onsten
heuvel et etal. dala et al. ersen  teretal. Tayloret etal
al. (2022) (2014) etal. (2008)  etal. (2003) al. (1997)  (1994)
[9] [10] (2015) [12] (2014) [34] [35] [36]
[11] [13]
QUIPS* ROB 2**
Study participation + + + + + + Randomisation process  x +
Study attrition ! + + + + ! Deviations from the + +
intended intervention
Prognostic factor measurement ! + + + ! ! Missing outcome data ~ + +
Outcome measurement + + + + + ! measure of the outcome + !
Study confounding X + + + ! ! Selection of the reported + +
result
Statistical analysis and reporting + + + + + + Overall ! !

Primary outcome: survival and PPF
Risk of bias

The five studies identified were assessed for risk of bias.
Direct comparison of sex ratios and mean age were pos-
sible in one of five studies, which indicated no difference
in proportion of male to female observations (p=0.610) or
mean age (p=0.464) [10]. All other studies reported adjust-
ing for age and sex within their statistical models to avoid
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confounding [9, 11-13]. Three observational studies had
independent low risk of bias [10-12], and one indicated
moderate risk in prognostic factor measurement and study
confounding [13]. One study displayed a high-risk of bias
related to confounding and moderate bias in both study attri-
tion and prognostic factor measurement [9]. Detailed results
of the individual bias assessments can be found in Table 1.



Archives of Orthopaedic and Trauma Surgery (2025) 145:388

Page50f 16 388

Overall quality of evidence

Due to the heterogenous nature of the observational survival
studies, both survival and PFF evidence was determined to
be of low quality and certainty. Four studies collected data
from participants of different age group categories. Data
were collected across multiple timepoints, spanning sev-
eral years, with studies capturing survival outcomes over
1-5 years, 5-10 years, or 10-16 years, making it difficult
determine a summary of primary outcomes. Only age and
fixation type consistently appeared as moderating factors.
GRADE quality of evidence for the outcome of survival and
PPF rate was low, with moderate-to-high risk of bias, seri-
ous indirectness, serious imprecision, and suspected publi-
cation bias (Table 2).

Study characteristics

The five observational studies included in the analysis
[9-14] represented 244,032 cemented and 39,068 hybrid
THA observations (Table 1). All studies reported on Euro-
pean national joint registry data (four Nordic studies, one
England and Wales), and included cemented, hybrid, and
cementless survival comparisons, with two studies also
examining reverse hybrid THA [9, 13]. There was notable

clinical heterogeneity in the age groups studied, with age
ranging from 18 to 102 years in the studies that reported
age. Two studies focused specifically on patients aged over
80 years [9, 10], one study included individuals aged 55
years and older [12], another targeted patients between 35
and 55 years [13], and one study did not specify the age or
age range of participants [11]. Two studies reported overall
male and female observations combined for all THA cat-
egories within the study [9, 13], while two others provided
separate implant observations by sex [10, 12]. One study
did not specify or report male and female observations [11].
Study observation periods spanned from 1980 to 2019 with
follow-up durations ranging from 1 to 16 years. Survival
outcomes were reported at different follow-up periods. Two
studies reported survival at 1, 3, and 5 years [9, 10], and one
study at 2 years [13]. Four studies reported survival at 10
years [10—13] and one at 16 years [13]. Three studies [9-11]
employed a competing-risk Kaplan-Meier approach, while
two used standard unadjusted Kaplan-Meier survival analy-
sis [12, 13], reflecting methodological heterogeneity. Two
studies reported PPF rates [9, 10]. Detailed characteristics
can be found in Table 3.

Table 2 Certainty of evidence GRADE* for primary and secondary outcomes

Certainty assessment Summary of findings
Outcome Stud- Study  Risk of bias  Indirectness Imprecision Publication  Included  Results Quality of
ies  design bias in nar- evidence
(n) rative (GRADE)
synthesis
Survival 5 Obser-  moderate-high serious’ serious’ suspected' Hybrid: No difference in survival +-- -
vational 39,068 rates heterogeneity in
studies® Cemented: population/samples
204,964
PROMs 3 2 Ran-  moderate- serious’®" serious’ suspected™  Hybrid: No significant differ- +---
domised high 138 ence between hybrid
Control Cemented: and cemented PROMs.
tri- 247 Old studies, poorly
als®®: 1 conducted with limited
Obser- results.
vational
study!
PPF 2 Obser-  moderate-high serious™ serious® suspected”  Hybrid: Lowest in hybrid +---
vational 3,745 compared to cemented.
studies® Cemented: Extremely limited study

25,836 number

*GRADE- grading of recommendation, assessment, Development and evaluation; RCT- randomised controlled trial.

2 3/5 studies did not justify sample size, study attrition, prognostic factor measurement and study confounding; ® One study did not identify
the randomisation process and deviated from the intended intervention; © Studies did not effectively measure the intended outcome; ¢ The only
observational study did not clearly define study attrition, prognostic factor measurement, statistical analysis and reporting used a mean follow
up; © Study designs were not specific to periprosthetic fracture rate, this was an additional outcome; ' Differences in age categories of all studies;
¢ Two studies used the same PROMs instrument but reported the results differently; " Different HRQOL instruments; | Time point collection
for each study was different; | Studies had differing predictors of interest and varied between short, medium and long term net and cumulative
statistical survival calculation; ¥ Periprosthetic fracture rate only recorded if part of revision, not recorded if revision not required; ! National
registries represented, results may not be attributable to other populations; ™ Only two small samples represented in the RCTs, from the same

country; " Only reported in 2/8 studies.
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Table 3 Survival study characteristics between cemented and hybrid primary total hip arthroplasty for osteoarthritis

Author and Study period Study design Sample Age Mean follow up, Outcomes Predictors  Key findings
year and country size* group collection time of interest
(cemented; (years) points (years),
hybrid) collection end
Bloemheu- 2007-2019 Observational. n=43,053 >80 Mean: 4.2 (0-13) Competing  Age, sex, No difference in
wel et al. Netherlands' Cemented, (22,025; Times: 1, 3,5 risk Kaplan ~ ASA, survival at either 1, 3
2022 9]+ hybrid, 3,243) End: Revision Meier; Revi- fixation, or 5 years. PPF rates
cementless, sion rate (%) head size, cemented 6%, and
reverse hybrid approach  hybrid 3%.
Jamsenet  1998-2009 Observational. n=4,777 >80 Mean: 4 (1-13)  Competing  Age, sex,  No difference in
al. 2014 Finland? Cemented, (3,811; Times: 1, 3, 5, 10 risk Kaplan  facil- survival at 1, 3, 5 or
[10]F hybrid, 502) End: Revision Meier % ity, year, 10 years. PPF 11%
cementless. survival. comorbid- in cemented, 18%
ity type, cemented women vs.
popularity 0% hybrid.
of implant
Kandala 2003-2012 Observational. 7=239,089 Not Mean: not Competing  Age, sex, Conclusive. Reported
etal. 2015 England and 2 cemented, 2 (137,990;  reported reported risk Kaplan  fixation, new 5% benchmark
[11] Wales? cementless and 28,471) Times: 1,5,10  Meier; Bath- bearing for revision. Revision
1 hybrid. End: Revision tub, Weibull, type rate of 1.88-2.11% in
Loglogistic, cemented and 2.42%
Flexible in hybrid.
Revision rate
(o) 1
Makelaet  1980-2004 Observational. 7=50,968 55-64, Mean: 4.5-9.2 Kaplan Implant No difference. All age
al. 2008 Finland? 2 cementless, 1 (34,296; 65-74,  Times: 10, 15,20 Meier groups, groups in both hybrid
[12] cemented and 1 3,784) >75 End: Revision standard %  age, sex and cemented groups
hybrid. Survival had a survival of
>90% at 10 years.
Pedersen 1995-2011 Observational. 7n=29,558 35-45 & Mean: not Unadjusted  Age, sex,  Conclusive. Cemented
etal. 2014 Sweden, Den-  Cemented, (6,842; 46-55 reported Kaplan fixation indicated higher
[13] mark, Finland, cementless, 3,068) Times: 2, 10, 16  Meier % technique  survival percentage at
Norway* hybrid and End: Revision survival at and calen- 2, 10 and 16 years for
reverse hybrid. 2,10and 16 dar year any revision reason,
years revision for aseptic

loosening and revision
for any other cause.

ASA- American anesthesiologist physical status rating; PPF-Periprosthetic fracture rate.

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

*Total sample size includes all hip fixation methods within the study, including cementless and reverse hybrid, where applicable.

** Specified a loaded-taper or composite beam stem.

T These studies included periprosthetic fracture rates.

1 Actual revision rates at 5 years and estimated 10-year rates for 70-year-old males and females only.

94/ No data at 15 or 20 years for hybrid fixation. The fixation technique did not fulfil the proportional hazards assumption for Cox proportional
hazards calculation; therefore, the population was split into subgroups (1995-1999, 2000-2003, 2004-2007, 2008—2011).

! Dutch arthroplasty register; ? Finnish Arthroplasty Registry; * National registry for England and Wales; * Nordic arthroplasty registry.

Narrative synthesis

Three survival studies with the lowest risk of bias [10—12]
identified no significant difference in survival between
cemented and hybrid THA at 1, 3, 5, and 10 years. All three
studies presented mean survival for each fixation method,
which ranged between 98.6 and 98.8% at 1 year, 98.1 to
98.3% at 3 years, 97.8 to 98.1% at 5 years, and 83 to 96% at
10 years. Due to heterogenous methodologies, these survival
percentages were not directly comparable. In an England
and Wales 10-year follow up study [11], after completing
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five different Kaplan-Meier model analyses, the cemented
prostheses with metal-on-polyethylene bearing surface had
the highest estimated mean survival rate of 98.02% at 10
years, with cemented ceramic-on-polyethylene survival
second with 97.5%, and hybrid metal-on-polyethylene
third with 97.32%. With similar 10-year estimates between
prostheses and a revision percentage below 5%, the authors
recommended the 10-year benchmark revision rate for all
THA in England and Wales be lowered from 10 to 5% [11].
No difference in survival between hybrid and cemented
THA was reported, although not assessed for statistical



Archives of Orthopaedic and Trauma Surgery (2025) 145:388

Page7of 16 388

significance. Makela [12] identified that at 10 years, all age
groups in both hybrid and cemented THAs exceeded a sur-
vival of 90% with no significant difference between the two
fixation categories across age groups (p=0.22 to 0.80). A
moderate risk of bias study [13] reported survival compari-
son at 10 and 16 years for both cemented and hybrid THA
using three endpoints: revision for any reason, revision for
aseptic loosening, and revision for other causes. Cemented
THA was reported to show superior survival to hybrid THA
at 10 years when the endpoint was revision for any reason
(90.2+0.43% versus 86.6% =+ 0.69), for aseptic loosening
(92.8% =+ 0.38 versus 91.4% + 0.59) and for other reasons
other than aseptic loosening (97.3% + 0.23 versus 94.8%
+ 0.44). The same pattern was reported at 16 years, with
cemented exhibiting higher survival than hybrid. Statistical
significance results were not reported. Synthesis of results
seems to indicate that at timepoints up to 10 years, survival
tends to be similar and that there is little, if any, difference
in survival between cemented and hybrid implants, but that
longer time frames may favour cemented THA. Two studies
reported PPF rates [9, 10], with one of these studies only
reporting cemented PPF rate and not the hybrid PPF rate.
The low risk of bias study [10] reported a 10-year cemented
PPF revision rate of 11%. The high risk of bias study [9]
reported a PPF rate of 6% in cemented and 3% in hybrid
THA at 5 years [10], thus it is not possible to definitively
establish whether PPF rates are lower in cemented or hybrid
THA. Both studies showed no difference in survival between
hybrid and cemented THA [9, 10]. Detailed survival study
information can be found in Table 4.

Secondary outcome: patient reported outcome
measures

Risk of bias

Three studies [34—36] were identified as including PROMs
and evaluated for risk of bias. The only observational study
[34] was evaluated using the QUIPS tool [27], and the two
remaining RCTs [35, 36] evaluated using the ROB 2 [28].
Baseline comparisons showed no age or sex differences
between cemented and hybrid groups in the Swedish RCT
[36] (low risk of confounding). In the UK RCT [35], the
hybrid group was significantly younger than the cemented
group (p<0.001, d=0.97), indicating possible age-related
confounding. The Swedish observational study [34] had
more females and older participants in the cemented group,
suggesting imbalance in key demographic variables. While
both RCTs showed comparable sex ratios (p>0.05) [35,
36], the observational study did not [34]. These differences
lower confidence in the observational findings due to risk of
confounding and contribute to downgrading the certainty of

evidence. The observational study [34] indicated a moderate
risk of bias in study attrition, prognostic factor and outcome
measurement, and study confounding, with all other factors
indicating a low risk of bias. Both RCTs scored moderate
risk of bias overall [35, 36]. Individual high-risk of bias was
identified in the randomisation process in one of the RCTs
where randomisation was not described [35]. Results can be
found in Table 1.

Overall quality of evidence

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

Study characteristics

Characteristics of individual studies can be found in Table 5.
The three studies [34-36] together compared PROMs scores
between 138 hybrid and 247 cemented primary THAs (186
males and 200 females) for osteoarthritis. Two RCTs (n=80
and n=60 respectively) [35, 36], and one observational
study (n=196) [34] were performed in Europe (two in Swe-
den [34, 36] and one in the UK [35]) and compared specific
hybrid and cemented implants rather than broad category
components. Observation periods ranged from 1988 to 1998
and reported short-term (1, 2, and 3.6-year) PROMs, with
two studies also reporting preoperative scores [34, 35]. Both
RCTs [35, 36] used the Harris hip score measurement tool,
however one RCT converted the original Harris score to
Rosser Index pain and disability values [35], and reported
Rosser Index quality of life results rather than Harris hip
score.

The results of the Swedish RCT study [36] indicated a
2-year mean Harris pain score of 42 out of 44 for each THA
group, and mean Harris hip score of 91 and 92 for hybrid
and cemented respectively, with no reporting of statistical
significance. In the UK RCT [35], there was no statistically
significant difference between the cemented and hybrid pre-
operative Rosser Index HRQOL scores (p=0.596); but at
1-year, hybrid THAs performed statistically significantly
better than cemented THAs (0.988+0.018, 0.995+0.006
respectively, p=0.015) with the cemented hip reporting
better Rosser Index HRQOL scores. The study determined
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Table 4 Survival and revision rate study outcomes

Study Sample Peripros- l-y sur-  2-y sur- 3-y survival % 5-y sur- 10-y survival % 15-y survival 16-y survival
(Age size thetic frac-  vival %  vival % vival % % %
group) ture rates
Bloem- Cemented: 26/427 Net:98.7 - Net: 98.2 Net: 97.8 - - -
heuwel et 22,025 (6%) (98.6— (98.1-98.3)8"  (97.7-
al. 2022 98.8)¢" 97.9)¢"
[9]ab
>80 years CR:98.7 CR:98.3 CR: 98.0
(98.6— [98.1-98.41™  (97.7-
98.9)™ 98.2)™
Median
age: 83
(80-108)°
M:10,931; - - -
F: 32,073°
Net: - Net: 98.2 Net: 98.0
98.6 (98.0-98.4)¢"  (97.7-
(98.4— 98.3)gh
98.8)e"
Median Hybrid: 2/61(3%) CR:98.8 CR:98.3 CR:98.1
FU:4.2y 3,243 (98.3— [97.8-98.71™  [97.5-
99.1)M 98.6]M
Jimsenet Cemented: 5/46 (11%) CR:98.8 - CR:98.1 CR:97.8 CR:974 - -
al. 2014 3,811 ly (98.4— 97.7-98.6)"  (97.3- (96.9-98)™
[107*® 99.2)™ 98.3)™
>80y M: 1,143;  10/57(18%)
F: 2,668 inF
Mean
age: 82y
(80-102)
Hybrid: 0/5(0%) CR: 98.6 - CR: 98.1 CR:98.1 CR:98.1 - -
502 inF (97.6- (96.9-99.4)™  (96.9- (96.9-99.4)™
99.7)™ 99.4)™
Mean FU: M: 145; F:
4y 357
Mean
age: 82y
(80-95)
Kandala ~ Cemented: - - - - - CeCoP: 98.12° - -
etal. 2015 137,990 (97.89-98.03)
[ll]abcd
Age not M: - F: - CeMoP: 97.78"
specified (97.17-97.58)
Median
age:
70.4y°
Hybrid: - - - - - HyMoP: 97.58" - -
28,471 (96.92-97.50)
Mean M: -; F: -
FU: -

Aseptic
loosening’
55-64y: 85 (84—
86) n=2,138

65-74y: 91 (91—
92) n=5,899

>75y: 95 (95—
96) n=2,299

Aseptic
loosening’
55-64y:
71(69-73)
n=1,086
65-74y:
85(84-86)
n=2,049
=75y
93(92-94)
n=441
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Table 4 (continued)

Study Sample Peripros- l-y sur-  2-y sur- 3-y survival % 5-y sur- 10-y survival % 15-y survival 16-y survival
(Age size thetic frac-  vival %  vival % vival % % %
group) ture rates
All: 91 (91-91) All:
n=10,335 83(82-84)
n=3,575
Cemented: All reasons’ All reasons’
34,296
Makelaet M: 12,004; - - - - - 55-64y: 83 (82— 55-64:
al. 2008 F: 22292 85) n=2,140 68(66-70)
(1272 n=1,088
Mean 65-74y: 89 (89— 65-74: -
age: 70y 90) n=5,904 82(81-83)
(55-95) n=2,051
>75y: 93 (93—  >75y:
94) n=2,300 91(90-92)
n=441
55->75y All: 89 (89-89) All:
n=10,343 80(80-81)
n=3,579
Aseptic
loosening’
Hybrid: - - - - - 55-64y: 90
3784 (85-95)n=177
M: 1,551; 65-74y: 93 - -
F: 1,548 (91-95) n=194
mean FU: Mean >75y: 96
3.6-10.2y age: 72y (93-100) n=173
(55-96)
All: 93 (92-95)
n=343
All reasons’
55-64y: 83
(76-89) n=178
65-74y: 88 - -
(86-91) n=194
>75y: 92
(88-95)n=73
All: 88 (86-90)
n=344
Cemented: - - Any: - - All: 90.2+0.43" - All:
6,842 98.6+0.141 77.4+1.13
Pedersen AL: AL: 92.8+0.38 AL:
etal. 2014 99.6+0.431 80.5+1.13'
[13]°
35-55y Other: Other: Other:
99.0+0.121 97.3+0.231 96.1+0.39'
Mean
age: -
M: Any: All: 86.6+0.69' All:
15,391° 97.7+0.27' 68.5+2.12!
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Table 4 (continued)

Study Sample Peripros- l-y sur-  2-y sur- 3-y survival % 5-y sur- 10-y survival % 15-y survival 16-y survival

(Age size thetic frac-  vival %  vival % vival % % %

group) ture rates

F: 14,167° - - AL: - - AL: 91.4+0.59' - AL:75.9+2.17
99.3+0.15!

Mean Hybrid: Other: Other: Other:

FU: - 3,068 98.4+0.23! 94.8+0.44! 90.1+1.08!

AL- Aseptic loosening; CeCoP- Cemented ceramic on polyethylene; CeMoP- Cemented metal on polyethylene; CR- Competing risk (death);

F- Female; FU- Follow up; M- Male.

2 Included other hip types (cementless and/or reverse hybrid) in the comparison; ® Only included specific makes of component; © Included bear-
ing surface as a predictor of survival; ¢ Bilateral THR not mentioned; ¢ Of the entire sample only; f Crude survival rate - Competing risk survival
rate with death as a competing risk; & Net survival rate- The estimated survival rate accounting for only those who survived long enough to
require revision potentially; " Mean survival% [95%CI][low - high]; | Mean survival% =+ standard deviation; } Range of survival percentages
between Bathtub, Weibull, Loglogistic and flexible Kaplan-Meier models.

Table 5 Characteristics of included studies comparing proms in cemented and hybrid total hip arthroplasty for osteoarthritis

Author Study Study design Sample Age  Outcomes Fol- Col- Predictors Key findings
period and size group low-up lection of interest
country period time
points
Nilsdotter et ~ 1995-1998 Observationalf  n=196 NR HRQOL: SF-36 36y land Age, sex, No difference in
al. (2003) [34] Sweden C-139 PROM: WOMAC 3.6y fixation, PROMs between
H- 57 PreOp: Yes follow cemented and hybrid
up time,  THR noted. Statistically
baseline  significant improvement
values in postoperative scores
for both fixation types.
Norman- Tay- 1992-1994 RCT n=80 <70 HRQOL:Rosser 1y ly Age, sex  Inconclusive. Harris hip
lor and Villar  United C-40 Index score used to determine
(1997) [35] Kingdom H- 40 PROM: Harris Hip Rosser index score
Score
PreOp: Yes
Onstenetal. 1988-1991 RCT n=60 40-70 HRQOL: No 2y 2y Fixation  No difference in
(1994) [36] Sweden C-30 vy PROM: Harris Hip PROMS between
H-30 Score cemented and hybrid
PreOp: No THA noted.

C- Cemented; H- Hybrid; THA- Total hip arthroplasty; NR- Not reported; PROMs- Patient reported outcome measures; RCT- Randomised
Control Trial; SF-36- 36 Item Short Form Survey; WOMAC- Western Ontario and McMaster Universities Arthritis Index.

T Hospital sample

a hybrid prosthesis did not impair early quality of life
outcomes and although HRQOL scores increased in all
80 patients, the study identified that 60% of hybrid THA
patients achieved maximal HRQOL scores after 1 year. The
study, however, suggested improvement in quality of life
was not dependent on prosthesis type.

The observational study [34] included preoperative,
1-year, and 3.6-year WOMAC and SF-36 scores. No dif-
ference in WOMAC scores between the cemented or hybrid
groups at any timepoint was noted. The SF-36 subscales of
“role physical” and “general health” showed statistically
significant differences (p<0.05) preoperatively, and in all
but one subscale (i.e., “bodily pain”) at 1-year, and two
subscales (i.e., “bodily pain” and “general health”) at 3.6
years with hybrids indicating better scores. However, when
the scores were adjusted for age, sex, follow-up time and

@ Springer

baseline values, no statistically significant differences were
revealed. See Table 6 for detailed results of each study.

Narrative synthesis

With very low certainty of evidence, in three heterogenous
studies using assorted PROMs tools at inconsistent time-
points, drawing secondary outcome conclusions regarding
superiority is challenging. All three studies report PROM
improvements in both cemented and hybrid THAs at their
chosen follow-up periods, and no significant differences
in PROMs between the two THA options. Despite differ-
ences in instruments and follow-up durations, the consistent
direction of effect (i.e., no observed or statistically signifi-
cant difference) supports the conclusion that PROMs may
be similar between the two fixation types. While formal data
synthesis was not feasible, our narrative synthesis suggests



388

Page 11 of 16

(2025) 145:388

Archives of Orthopaedic and Trauma Surgery

- w - - ured (0g=u) payuswa)
- - - 1A
- - - A
- - €1°C Al
- I 8C I 814 TCN
(L9-6€)
9'9F406°CS
- 1°€°S 01°S I - - - - dig :o8e UBd\
- 99T - I - - - - ured (0v =) pLgAH AQL> 98V
- ansdgav ansdav 08=u
xopu| [sel (L66T)
- - - IA J9SSOY Ldry stey Ie[[IA 29 JO[AR] -UBULION
- - - A - - - - dig 12461 ‘N
(s9-01)
L'9FATT8S
- - L1 nm Al - - - - ured :o8e UBIN
- 11, 81 I (0p=u) poyuowa)
S A1 €°8 I
- ‘€gesI - I
ansdgav ansdgav
«'0CFVES «L'SIFELS  §€TFIIL HW
0 TEFYE] «T6TFEIS  €PyF8ey HY
%S 0TF906 «CTLIFLT6 €STFOLY  dS V' 0TFTI8 - T91F0€8 STIF Iy uonoung
«I'PTFOOL «8°0TF08L TOTFTIS LA €TTFLOS - 99[FSI8 LSIFOTY  Ssdugng
6CTFIOL 9 TCFLSL +€0CFHTL HOD 0 1ZFTHS - IQIFIPS 6SIF8 Y ured 6T 6¢ ‘N
b(z-09)
6LTFT69 LICFOSL 00CFE0oe dd 79 o3 uBdN
$OTYFOEE9 «I'LEFVTL +L8TFSSI dd (89=u) pugAH AN P8V
*€STFTSY «L'61FTYL LLIFY0E  dAd Sp=u
9¢-dS JDVINOM [+€] (€007) 'Te 30 1on0psIIN
86IFS9L €6IFT08 861FE89 HW
OrrF89S LOYFEE9 0IvFoee  dY YOI : €L ‘N
bz6-19)
0'€TFOI8 S ETFLYS  S9TF9T9 IS YOTFEIL - 08IFPSL SSIFILE uonoung GL o3 uBdN
OYTFOI9  0TTFLSY CITFYLY LA 0TTFI9L - GOTFSSL 99IFLLE  ssdugng (LL1=u) payuourd)
IZFPP9  SO0TF6'89  961FH99 HO 1'0ZF0'18 - TLIFPPS 6LIFESY ured
9STF6P9  6VTFETL  9SIFS0E  dd
6TYFL6E  ECTHFLIS I'LIF89 dd
TYCFS9S  vTCFOI9 ¥ 0TFEP0E  Ad
[9A9] SIBA
SIeK 9°¢ IeoAk | dpaig qng juownysuy sIeak 9°¢ 4 IeoAk | dpard  [0A9] qng juawINnsuf
(gs Fueow) TOOYH (@s Fueowr) WO ad£y sisoysoid oIy

SAIPMIS WOU JO 'SoWodnQ 9 3|qeL

pringer

As



388 Page 12 of 16 Archives of Orthopaedic and Trauma Surgery (2025) 145:388
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Only two studies reported PPF rates [9, 10], both in
patients 80 years and older but at different timepoints. One
study indicated higher PPF rates in cemented THA [9]. Still,
this difference did not translate into poorer implant survival
in cemented THA overall. The available data do not sup-
port PPFs as the most common cause of revision in either
cemented or hybrid THA. More importantly, clinical fail-
ures that did not result in revision were not documented.
Since some PPFs are managed without revision (e.g., with
fixation), and these cases were not reported, the true inci-
dence of PPFs may be underestimated in both fixation types.
This lack of reporting lowers the proportion outcome of PPF
in cemented and hybrid fixation in THA. A study analysing
data from the UK National Joint Registry found that 56% of
postoperative PPFs were not captured by the registry, as the
cases were treated without the replacement of components
[39]. Lamb et al. [39] noted PPF as the leading cause of
major reoperation (but not necessarily component replace-
ment) following THA and that the prevention and treat-
ment of PPF requires further research. It may be prudent to
include, at a minimum, PPFs requiring surgical intervention
within revision registry data collection.

All survival studies [9—13] used national registry derived
data for survival analysis. The lack of consistent reporting of
statistical significance, follow-up periods, and patient strati-
fication reduces the overall ability to determine meaning-
ful inferences from findings. While national joint registries
are invaluable for monitoring and improving the outcomes
of joint replacement surgeries, they do have some limita-
tions. National registries provide broad standardised data
that help identify overall trends in outcomes, implant lon-
gevity, and patient demographics [40, 41]. However, they
mask regional disparities by averaging data across different
populations and may not capture variations, for example,
between wealthier and deprived regions or populations of
different ethnicities. Regional joint registries may offer
more detailed insights into regional population character-
istics, specific access barriers, rural versus urban areas, and
variations in surgical and funding outcomes (private versus
public) [42]. For surgeons, regional data analysis may be
more effective at determining the most successful THA for
a specific demographic of patient.

Methodological heterogeneity between the survival stud-
ies complicated comparison and inference. Standardising
survival analysis models, the handling of missing data, sta-
tistical adjustments, and definition of outcomes affected the
validity and comparison of results. Methodological homo-
geneity in registry data analysis would allow opportunity
for easier comparison and evaluation of survival outcomes.

Patient reported outcome measures

Although limited, all PROMs studies [34-36] reported
improvements in HRQOL following primary THA for
osteoarthritis, regardless of fixation type. One RCT [35]
found a statistically significant advantage for hybrid THA
at 1-year using the HRQOL Rosser Index. The observa-
tional study [34] reported differences in SF-36 subscales,
favouring hybrid THA at 1-year and 3.6-years, but these
differences were not statistically significant after adjusting
for age, sex, follow-up time, and baseline values. Overall,
both hybrid and cemented PROMs improved substantially
and appeared similar between groups, but due to a small
number of studies and no follow-up beyond 3.6 years, no
difference in PROMs between hybrid and cemented THA
could be identified in the medium-term to long-term. The
included studies spanned a 30-year period and dated time-
frame (1988-1998) and offer valuable historical perspec-
tives. However, their relevance to contemporary practice is
limited due to outdated measurement tools, evolving sur-
gical techniques, and shifting patient expectations. Inter-
pretation should be cautious, particularly when comparing
to modern cohorts. In all three studies [34-36] included in
our systematic review, younger, likely more active patients,
were selected for hybrid THA, possibly reflecting surgeon
preference rather than a truly random comparison. This bias
creates indirectness of evidence as outcomes may reflect
patient characteristics rather than implant design.

The absence of comparable PROM data of more than
3.6 years also highlights a major evidence gap. A seven-
year prospective international multicentre study observed
that while patients experienced significant improvements
in PROMs within the first-year post THA, certain factors
like obesity and postoperative difficulties in self-care were
associated with a gradual decline in outcomes over the sub-
sequent years [43]. This study highlights the importance of
continued monitoring to assess the sustainability of surgical
benefits. Research also indicates that PROMs tend to pla-
teau after 1-to-2 years post-surgery, but that attrition over
time may affect study sensitivity [44]. This attrition rate
could be mitigated by using prospective national or regional
population PROMs data rather than smaller sample groups
[45]. A longitudinal cohort study by Schwartz et al. [46]
emphasised that cognitive and mental health assessment
significantly influence recovery trajectories post THA and
suggested that long-term PROMs are essential for identi-
fying patients at risk of poorer outcomes and for tailoring
postoperative care accordingly. Such information is vital
for setting realistic patient expectations and facilitating
informed decision making regarding the procedures avail-
able. Although one RCT reported statistically significant
HRQOL differences at 1 year favouring hybrid THA [35],
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this finding was not consistently observed across other stud-
ies or timepoints.

There is a pressing need for contemporary, high-quality
research evaluating patient-centred outcomes across differ-
ent fixation types using standardised PROMs. Future stud-
ies should standardise the selection, collection and reporting
of PROMs ideally in alignment with internationally agreed
guidelines. While the Oxford hip score is one of the most
used hip-specific PROM tool for THA [47], valued for its
simplicity, validation and strong correlation with patient
satisfaction and outcomes, the WOMAUC is considered the
highest quality PROMs tool for osteoarthritis [48]. The
authors propose the use of at least one of these tools as an
international standard. Transparency on missing data, loss
to follow-up, and selection bias is essential. Lack of stud-
ies could reflect a systematic under collecting and under-
reporting of PROM s in this area contributing to uncertainty
and limiting evidence-based decision making. Our recom-
mendations would be to collect PROMs preoperatively, at 6
months to 1-year, and then at 5 yearly intervals, in line with
the New Zealand Joint Registry [49].

Although RCTs are the gold standard for evaluating the
efficacy and safety of medical interventions, Pakvis et al.
[7] argued that RCT studies are challenging to conduct
in THA and may not always reflect the complexities of
real-world orthopaedic care. These authors suggested that
well-designed non-randomised studies with adequate fol-
low-up and rigorous outcome measurement could serve as
a benchmark for high-quality evidence in orthopaedics [7].
These benchmark studies would involve comparing similar
populations, interventions and follow-up durations, using
consistent outcome tools, data collection timelines, method-
ologies, and standardised statistical analyses.

Both survival and PROMs studies suffered from common
limitations, including clinical and methodological homoge-
neity and inconsistent reporting. There are key limitations
in the current literature, notably few published studies; het-
erogeneity in study design, outcome measures, and follow
up durations; and all studies conducted in European coun-
tries. The fact that all studies in our review were European,
limits the international generalizability of the findings due
to potential differences in healthcare systems, surgical tech-
niques, patient demographics, and ethnic variations in hip
anatomy [50,51]. Broadening the evidence base to include
studies from regions such as North America, Canada, Africa,
Asia and Oceania would promote more equitable and opti-
mal patient outcomes across diverse global populations.

Bias assessments identified moderate-to-high and high
risk of bias across studies, with concerns related to con-
founding, prognostic factor measurement, randomisation
and missing outcome data. Additionally, publication bias is
suspected due to the low number of eligible studies. Taken
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together, the evidence comparing hybrid and cemented THA
is limited by study quality, short follow-up in PROM stud-
ies, and inconsistent methodology in survival studies. While
both fixation types appear to offer good early PROMs and
comparable implant longevity, further research is required—
particularly longer term PROMs studies and implant sur-
vival at the prosthesis level [52] rather than broad fixation
categories. Standardised methods, adjusted analyses, and
stratification by patient and implant characteristics are
essential for informed decision making.

Conclusion

Our review of the literature identified primary survival and
PPF rates and secondary PROMs outcomes between hybrid
and cemented THA for patients with end stage osteoarthri-
tis from eight available studies. The studies do not clearly
demonstrate a superior fixation category between hybrid
and cemented THA. Both THA options showed improve-
ments in early PROMs, exceeding 98% survival at 1 and 2
years and at least 90% survival at 10-years. All studies iden-
tified were European and evaluated outcomes from 1980
to 2019, suggesting that earlier studies might not relate to
current surgical practices. Indeed, changes in practice over
time may influence the heterogeneity of this review. The
included studies were also inconsistent in reporting similar
patient demographics, particularly age, PROMs, study time
periods, length of follow up, statistical methods, and THA
implant components. European only studies are limited in
their ability to reflect outcomes in non-European settings,
due to regional variations in clinical practice and patient
demographics. The absence of longer-term PROM data is a
significant gap and likely the biproduct of short-term focus,
resource, and time constraints. Future research should focus
on product specific outcomes, standardized methodologies,
and longer PROMs follow up to provide clearer insights.
Regional joint registry data can enhance decision making
by considering demographic and socioeconomic factors for
more personalised treatment procedures. This review is the
first to attempt to summarise literature contrasting survival,
PPF, and PROM outcomes between cemented and hybrid
primary THA for osteoarthritis, identifying comparable out-
comes between methods when considering the few studies
available.
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