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ABSTRACT

ARTICLE HISTORY

Background: This study aims to present an overview and critical appraisal of all previous studies
comparing costs and outcomes of the different modes of fixation in total hip arthroplasty (THA).
A secondary aim is to provide conclusions regarding the most cost-effective mode of implant fixation
per gender and age-specific population in THA, based on high quality studies.

Methods: A systematic search was conducted to identify cost-effectiveness analyses (CEAs) comparing
different modes of implant fixation in THA. Analysis of results was done with solely CEAs that had a high
methodological quality.

Results: A total of 12 relevant studies were identified and presented, of which 5 were considered to
have the methodological rigor for inclusion in the analysis of results. These studies found that either
cemented or hybrid fixation was the most cost-effective implant fixation mode for most age- and
gender-specific subgroups.

Conclusion: Currently available well performed CEAs generally support the use of cemented and hybrid
fixation for all age-groups relevant for THA and both genders. However, these findings were mainly
based on a single database and depended on assumptions made in the studies’ methodology. Issues
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discussed in this paper have to be considered and future work is needed.

1. Introduction

Total hip arthroplasty (THA) achieves excellent long-term
results and is among the most successful interventions in
Orthopaedic surgery [1,2]. As a consequence, the utilization
of THAs has increased worldwide in the past decades and is
expected to continue to rise the upcoming years [3-7].

Fixation of components in THA can be obtained either by
cemented or cementless fixation, or by a combination of both
(i.e. hybrid [cemented stem and cementless cup] or reverse
hybrid [cementless stem and cemented cupl). The preferred
mode of fixation is still prone to debate. Compared to cement-
less fixation, the use of bone cement is associated with
a higher cardiopulmonary risk [8] and an approximately
10 minute longer operative time due to the polymerization
of the bone cement [9,10]. Additionally, bone cement is prone
to cement aging and microfractures, which may result in long-
term implant failure [11]. Cementless fixation on the other
hand, is associated with a higher risk of revision and lower
implant survival on short term, particularly in elderly patients
[12-14]. Recent meta-analyses have suggested that the newer
and more innovative cementless components might not have
any additional benefits over contemporary cemented THAs
[14-16].

The popularity of cementless fixation has increased in the
past decades, which is represented by the trends of fixation
methods used in arthroplasty registries [12,17-20]. In most
countries, the majority of THAs is currently fixated without
the use of bone cement [12,17-19,21-23], while high variability
is seen between countries. In the USA for example, 96% of all
THAs is fixated without the use of bone cement [18]. In the UK,
cemented fixation of at least one component currently con-
sists 57% of all THA procedures [24]. Comparable statistics
were found for Norway [25], while in other Scandinavian
countries cemented fixation of all components is the predo-
minant mode of fixation [20,23,26].

Due to increasing healthcare costs, orthopaedic surgeons
are under pressure to provide optimal cost-effective care.
Studies solely focussing on cost estimations have suggested
that cementless fixation might be associated with higher costs
compared to cemented fixation due to higher implant costs
and lower overall short-term implant survival [27,28]. The
question rises whether these extra costs are accompanied by
superior long-term results in certain patient populations.

A high-quality cost-effectiveness analysis (CEA) in health eco-
nomics enables researchers to gain insight in the combination of
costs and outcomes in a standardized and methodological solid
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fashion. CEAs therefore may help to identify patient populations in
which a certain mode of fixation is the most cost-effective, and
thus may guide decision making. However, a good overview and
critical appraisal of all currently available health economic evi-
dence regarding component fixation in THA is still missing.

Therefore, the primary aim of this systematic review is to
present an overview and critical appraisal of all previous stu-
dies comparing costs and outcomes of the different modes of
fixation in THA. A secondary aim is to provide conclusions on
the optimal mode of implant fixation per gender and age-
specific population in THA based on high quality cost-
effectiveness analyses, and to put these conclusions into
perspective.

2. Material and methods

The present study is structured according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [29]. Two reviewers (HV & RdB) indepen-
dently conducted a systematic search of Medline, EMBASE, the
Web of Science, the Cochrance Central Register of Controlled
Trials, and EconlLit. The search consisted of a combination of
terms related to the intervention (i.e. ‘hip arthroplasty’, ‘total
hip arthroplasty’, ‘THA’, ‘hip replacement’, ‘total hip replace-
ment’, ‘THR’, ‘total hip prosthesis’, THP’, ‘hip prosthesis’ or ‘hip
implant’), to the fixation mode (i.e. ‘cemented’, ‘cement’,
‘cementless’, ‘'uncemented’, ‘fixation’, ‘hybrid’, ‘reverse hybrid’
or ‘implant fixation’), and to the type of study/outcome (i.e.
‘cost-effectiveness’, ‘CEA’, ‘cost-utility’, ‘CUA’, ‘cost-benefit/,
‘CBA’, ‘economic evaluation’, ‘health technology assessment’,
‘HTA’, 'health economics’, ‘cost analysis’, ‘costs’, ‘cost’, ‘eco-
nomic’, ICER’ or ‘ICUR’). For searching the database, the men-
tioned terms inside the parentheses were connected to each
other with ‘OR’. Subsequently, the (with ‘OR’ connected) terms
on the intervention, the fixation mode, and the type of study/
outcome were connected to each other with ‘AND'. This strat-
egy was used for each of the five databases. Additionally,
backward and forward reference searching was applied on
the publications suitable for inclusion in order to identify
additional eligible studies. The search was updated to include
hits up until February 1st 2020. The compliance of each article
with the inclusion criteria was independently assessed by the
two reviewers. Any disagreements were solved by discussion
and consultation of a third author (MH).

Studies were considered eligible for inclusion if they com-
pared the outcomes and associated costs of different modes
of fixation in THA. Costs could be expressed in any monetary
value. Outcomes could be expressed in any defined ‘unit of
health’ (e.g. implant survival) or in ‘Quality Adjusted Life Years’
(QALYs). When comparing interventions in a methodologically
sound fashion via a health economic cost-effectiveness or
cost-utility analysis, the difference in costs is divided by the
difference in outcome, which is called the incremental cost-
effectiveness ratio (ICER) or incremental cost-utility ratio (ICUR)
respectively [30]. Based on the ICUR, four possible conclusions
can be drawn: (i) the intervention treatment is dominated (i.e.
the intervention treatment is more expensive and less effec-
tive), (ii) the intervention treatment dominates (i.e. the inter-
vention treatment is cheaper and more effective), (iii) the

intervention treatment is more effective and also more expen-
sive; whether the intervention is advocated is then based on
the willingness to pay, and (iv) the intervention treatment is
less effective and cheaper; whether the new interventions is
then advocated is based on the willingness to accept. Based
on the willingness to pay threshold, gains in quality of life
could also be converted to a monetary value in case of incre-
mental net monetary benefit-analyses (INMB). Studies were
included if they compared at least two different fixation
modes, and if they were available as an original full text
scientific article written in English. No other restrictions were
made regarding the characteristics of studies, nor the publica-
tion date, in order to provide a complete overview of all
studies on this topic.

All relevant data from the included articles were indepen-
dently extracted by two reviewers (HV & RdB). Data items of
interest included study characteristics and the results of the
individual studies. Assessment of the methodological quality
of the identified economic evaluations was independently
performed by two authors (HV & RdB) with the use of the
‘Quality of Health Economic Studies (QHES) instrument
[31,32]. The QHES is a validated instrument which is used to
examine the quality of a CEA according to the health eco-
nomic principles. The tool contains 16 carefully selected cri-
teria that should be answered with ‘yes’ or ‘no’. Each criterion
has a certain amount of points allocated, and by adding up
the points for the criteria answered ‘yes’, an overall quality
score is acquired [31,32]. An economic evaluation of high
quality scores =75 points, 50 to 74 points is considered fair,
and insufficiently performed studies score <50 points [31,33].
Any disagreements in the methodological assessment were
solved by discussion and consultation of a third author (MH).

To answer the second aim, i.e. to define the optimal mode
of implant fixation per gender and age-group from a cost-
effectiveness perspective, additional criteria were applied. The
studies had to meet two criteria: (i) the QHES score should
indicate a high quality (score =75) and (ii) a sufficient time
horizon had to be investigated (=10 years). These criteria were
stated because studies with inferior methodological quality
and unclear reporting negatively impact the solidness of
derived conclusions. Additionally, studies with a short-term
time horizon mainly focus on initial costs (e.g. implant and
surgical procedure), while the real costs are made over
a lifetime and are therefore much impacted by the implant’s
long-term effectiveness and survival rate. A 10-year period was
chosen as the absolute minimum since a recently published
extensive analysis on THA survival by Evans et al. concludes
that an estimated 75% of all THAs last at least 15 to
20 years [34].

From the high-quality studies with sufficient follow-up,
base case incremental results were derived or calculated.
Depending on the reporting of the individual studies, the
ICER, ICUR or INMB were reported and used for the interpreta-
tion of results. Interpretation of results was done by compar-
ing the methodology, the input data and the reported results
in the search of overall trends. Assessment of trends was
performed on the conclusions based on data as published
by individual studies. In order to ensure transparency and
verifiability, no single reference year was chosen or conversion
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to a single currency had been performed. Since we did not
aim to recalculate the evidence toward a single currency,
a willingness to pay threshold was adopted for the three
most commonly used currencies in CEAs. We adopted
a willingness to pay threshold of 20,000 Euros (€) or Sterling
pounds (£) per QALY, and 25,000 USD ($) per QALY. Although
no absolute societal consensus exists on the threshold of the
willingness to pay, these are more or less comparable, fre-
quently used and widely accepted thresholds for each of those
currencies [35-38]. In case another currency was used in an
included study, a comparable willingness to pay threshold will
be applied.

3. Results
3.1. Study selection

The initial search yielded a total of 1,821 hits (Figure 1). Title
and abstract screening resulted in 259 studies potentially
describing THA and associated economics. After the removal
of duplicates, a total of 141 full text articles of potential
relevance were obtained and assessed. Subsequently, 13 rele-
vant studies remained after the exclusion of 128 records. From
the excluded records, most studies were excluded because

they were not related to different implant fixation modes
(n = 103). Other articles were excluded because they only
focused on costs without the incorporation of treatment con-
sequences (n = 14), or because the papers were no original
scientific articles (n = 11). In depth analysis of the 13 relevant
studies revealed that the data derived from one RCT was
published in three different publications [39-41]. Data in
these studies were identical, while the study of Rorabeck
et al. was the most extensive description of this population
[40]. Therefore, only this publication was included in our
review [40]. Two studies performed by Pennington and collea-
gues [42,43] used comparable methodologies, but performed
different analyses. Therefore, these analyses were both
included in the current report [42,43]. In addition to the 11
suitable studies identified with our search, one additional
study was identified through backward reference searching
of those studies [44]. Therefore, a total of 12 studies were
included in this systematic review [40,42-52].

3.2. Study characteristics

An overview of the included studies, which were published
between 1994 and 2020, is presented in Table 1. The compar-
isons differed between the included studies: one study solely

Initial searc

PubMed (n=535),
Cochrane(n=101),

547), Econlit(n=1)

h (n=1821)

Embase(n=637),
Webof Science(n=

l

Titles and abstracts screened
(n=1821)

Studies not describing costs related to
total hip arthroplasty (n= 1562)

|

Abstracts of potential relevance
(n=259)

Duplicates removed (n= 118)

Records excluded (n= 128)

-Research question not related to mode

v
Full text articles assessed for eligibility
(n=141)

of implant fixation(n=103)
-Solely descriptionof costs(no
outcome assessment) (n=14)

-Other publicationtype (i.e. review,
conference paper, commentary or non-
academic HTA) (n=11)

A

Publications excluded (n= 2)

Studies suitab|
(n=

Additional studies (n=1)

le for inclusion

The dataof one RCT were publishedin

13
) three different articles two

publicationswere excluded.

Identifiedviaforward and backward

h

4

reference searching

(n=

Studies included in this systematic
review
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Figure 1. Flow chart of the selection of studies included in this systematic review.
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Table 3. (Continued).

Reason for exclusion from quantitative analyses Main findings Authors’ conclusions

e QHES score: 52

Study

0.573 Cemented fixation showed trends toward lower costs, lower

o Costs of cemented vs cementless fixation: -$671, p

Oh 2020 [52]

readmission rates and shorter LOS compared to

cementless fixation

= 0.461 for BPCI resp.

for CJR and -$570, p
¢ LOS of cemented compared to cementless: —0.179 days,

Cemented vs. cementless

fixation

Retrospective cohort of 1671 subjects. The costs for
initial care are considered and displayed for two

0.207.

p:

payment cohorts (CJR and BPCI #). Clinical outcomes are e Readmission rate of cemented compared to cementless

0.089 for CJR and OR 0.728,

fixation: OR 0.559, p

readmission rate, LOS, and discharge disposition

0.464 for BPCI
* Reoperation rate of cemented and cementless fixation: 0%

p:

and 0.84% resp., p = 0.135
o Likelihood of discharge to home of cemented compared to

cementless fixation: OR 1.441, p = 0.019.

*A willingness to pay threshold of £20,000/QALY was used by Messori et al [50]. for calculating the NMB values.

$'Comprehensive care for joint replacement’ and ‘bundled payment for care improvement’ resp., in which CJR includes all costs within the first 90 days following discharge and BPCI the first 30 days.

diagnosis related group;

quality adjusted life year; DRG
bundled payment for care improvement; LOS = length of stay; OR = odds

randomized controlled trial; OA = osteoarthritis; QHES = quality of health economic studies (instrument); HA-coated = hydroxyapatite-coated; QALY

RCT =

Oxford hip score; PE = polyethylene; NMB = net monetary benefit; CJR = comprehensive care for joint replacement; BPCl =

hazard ratio; OHS =

HR =

ratio

compared cementless and hybrid fixation [47], three studies
only compared cemented and cementless fixation [40,46,52],
seven studies compared cemented, cementless and hybrid
fixation [42-45,48-50], and in one study the cemented,
cementless, hybrid and reverse hybrid fixation were compared
[51]. Furthermore, varying subgroup-analyses, outcomes and
time horizons have been studied along the included studies.
An overview of the investigated implants per included study
and the justification provided by the authors for examining
those specific implants was presented in supplementary
Table 1.

Most identified economic evaluations used a Markov model
(7/12) [42,43,46-48,50,51], while one study was a trial-based
economic evaluation [40], and four were based on
a retrospectively studied cohort (Table 1) [44,45,49,52]. The
RCT and one retrospective cohort study were based on single
center patient data [40,45], the study of Oh et al. [52] was
based on data from the Medicare network, which consisted of
nine hospitals, Messori et al. [50] was mainly based on data
from the previous economic evaluation conducted by
Pennington and colleagues [43], and all other identified stu-
dies were mainly based on data derived from large arthro-
plasty registries [42-44,46-49,51]. The seven studies on data
from the UK, including the two retrospective cohort studies,
used the National Joint Registry (NJR) [42-44,48,49,51]. The
NJR database consists data from England, Wales, Northern
Ireland and the Isle of Man [24]. Fawsitt et al. derived data
from the Swedish Hip Arthroplasty Register (SHAR) as an
addition to NJR data for the long-term revision risks, since
this registry contains a follow-up of primary THAs up to
25 years [51]. Finally, the two Italian studies derived the
patient data from the Register of the Orthopaedic Prosthetic
Implants (RIPO) [46,47], which contains data from the Emilia-
Romagna region in ltaly [53].

The applied cost-perspective was not explicitly stated in six
studies [43-45,49,50,52], and for the studies that reported the
cost-perspective, a substantial heterogeneity was observed
(Table 1). However, all individual studies clearly described
the costs that were considered in their methodology.
Assessment of the considered costs revealed that all included
studies, except for the trial-based study [40], applied
a provider or third party payer perspective.

3.3. Methodological quality

The methodological quality of the identified economic evalua-
tions was assessed according to the 16 criteria of the QHES and
resulted in an overall quality score per study (Table 2). Five
Markov model-based studies scored >90 and thus had an excel-
lent methodological quality [42,43,47,48,51]. The seven remain-
ing articles are not considered to have high methodological
quality based on the QHES score (i.e. <75) [40,44-46,49,50,52].
A short-term follow-up (<10 years) and the lack of high metho-
dological quality (QHES <75) were reasons for excluding these
studies from quantitative analyses [40,44-46,49,50,52]. The seven
excluded studies with the reasons for exclusion, their main find-
ings, and the derived conclusions are presented in Table 3.
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3.4. High quality studies

Five high quality studies were included in the analysis of
results [42,43,47,48,51]. Four out of the five studies were per-
formed in the UK and were based on data from the NJR
[42,43,48,51]. These four studies all included cemented THAs
in their investigation and observed that cemented fixation had
the lowest lifetime costs in all studied groups [42,43,48,51].
QALYs were used to describe the outcome in these four
studies [42,43,48,51], while Di Tanna et al. [47] examined revi-
sion-free life year as their endpoint. The latter study was
conducted in Italy and was largely based on data from the
RIPO database. The four studies that were conducted in the UK
derived the QALYs from the National Patient Reported
Outcome Measures (PROMs) programme [42,43,48,51]. Based
on these ‘baseline’ QALYs, which are the input for their mod-
els, the lifetime QALYs were projected per implant combina-
tion of interest. Remarkably, two studies considered a single
average QALY value per subpopulation at six months post-
operatively for all implant combinations in their model [48,51],
while the other two used implant specific QALYs as input
[42,43].

3.5. Base case incremental results of high-quality studies

The base case incremental results and derived conclusions of
the high-quality studies are presented in Table 4. Di Tanna
et al. [47] compared cementless and hybrid fixation. Their base
case incremental results were presented for 30 to 90-year olds
in 5-year intervals. In patients aged 40 years or younger,
cementless fixation was dominant, between 45 and 80 years
of age the ICER increased from €22 to €87,839 per revision free
life year. In patients aged 85 years or older, hybrid fixation was
dominant. Pennington et al. [42] compared cemented,
cementless and hybrid fixation, and stratified for age and
sex. In males, hybrid fixation was cost-effective compared to
cemented fixation in all age groups (ICUR ranged between
£2082.76 and £4137.50 per QALY). In females aged 60 or
70 years, hybrid fixation was cost-effective compared to
cemented fixation (ICURs were £2966.67/QALY and £2496.15/
QALY respectively). Cemented fixation was, however, domi-
nant in females of 80 years of age. Cementless fixation was
dominated in all investigated ages for both sexes. Pulikottil-
Jacob et al. [48] compared cemented, cementless and hybrid
fixation. In this study, patients were stratified based on age
and sex, and the investigated implants were subdivided based
on bearing surface. The cemented fixation mode was domi-
nant for all investigated age groups and both sexes.
Pennington et al. [43] compared cemented, cementless and
hybrid fixation in males and females aged 70 years. They
specifically investigated the three most commonly used
implant combinations per fixation mode (supplementary
Table 1). The Corail stem and Pinnacle acetabular component
(both DePuy, Leeds, UK) were considered the reference
implant combination because it was the most commonly
implanted combination in their database. Subsequently,
a ranking was made based on the INMB values. For males
and females, the top three implants were: 1. CPT Trilogy

[hybrid] (both Zimmer, Warsaw, Indiana) (INMB = £954 and
£876 resp.), 2.Exeter V40 Trident [hybrid] (both Stryker,
Newbury, UK) (INMB = £344 and £71 resp.), and 3. the Corail
Pinnacle [cementless] (reference implant, INMB = £0). Fawsitt
et al. [51] compared cemented, cementless, hybrid and reverse
hybrid fixation in males and females in several age categories.
The investigated implants were subdivided based on bearing
surface and head size (small < 36 mm versus large =36 mm).
Therefore, they studied a total of 24 implant combinations. As
a reference implant combination, the cemented metal-on-
polyethylene implant with small head combination was cho-
sen and a ranking list based on the INMB was constructed.
Cemented fixation (with metal-on-polyethylene or ceramic-on-
polyethylene bearing and a small head) obtained the first
and second place in the ranking for all age categories and
both sexes. The reference combination was first in the ranking
list for males and females aged >65 years (INMB = 0). In males
and females aged <55 years, cemented implants with ceramic-
on-polyethylene bearing and a small head had the highest
INMB values (INMB = £1163 and £823 resp.). This implant
combination also had the highest INMB values in males and
females of 55-64 years (INMB = £514 and £104 resp.).

The assessment of trends along the base case incremental
results along studies revealed that no study described full
cementless implant fixation to be the most cost-effective fixa-
tion mode for any of the investigated subgroups, except for
very young populations described by Di Tanna et al. [47]. In
this study, cementless fixation was dominant over hybrid fixa-
tion in patients aged <43 years. Two studies described cemen-
ted fixation as the most cost-effective in all studied age groups
and both genders [48,51], and two studies stated hybrid fixa-
tion as the most cost-effective in most subpopulations [42,43].
All authors, including Di Tanna et al., recommended stem
fixation with bone cement in the eldest populations for both
sexes [42,43,47,48,51].

4. Discussion

This systematic review identified 12 studies that compared
costs and outcomes between different modes of implant fixa-
tion in THA. Analyses of results were performed on solely the
five high quality CEAs [42,43,47,48,51], which were mainly
conducted in the UK and based on data from the NJR. In
general, it was found that cemented fixation of the femoral
component seems most cost-effective in THA for all relevant
age groups and both sexes, while conflicting results were
found on the most cost-effective mode of fixation of the
acetabular cup. Except for Di Tanna et al. [47], who found
that cementless fixation was cost-effective compared to hybrid
fixation in a young ltalian patient population, no other studies
found cementless fixation to be the most cost-effective mode
of fixation in THA for any of the studied subgroups.

In the interpretation of our results, some issues must be
taken into account. Firstly, it seems that results of individual
studies are largely dependent on assumptions in the metho-
dology regarding QALY data. All studies that included QALYs
derived their data from the PROMs database in the UK. The
data is collected immediately before surgery and six months
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after primary or revision THA [54]. The increase in QALYs
during this period was used for the projection of lifetime
QALYs. However, two studies assumed that the initial increase
in utility following surgery was equal for all components
[48,51], while the two other studies used the implant-specific
utilities as input [42,43]. Interestingly, the studies that consid-
ered the implants as equal regarding utility at six months
postoperative, found that cemented fixation was the most
cost-effective mode of fixation in all subgroups [48,51]. The
studies with the implant-specific input for QALYs however,
concluded that hybrid fixation was the most cost-effective
fixation mode in most subgroups [42,43]. A potential explana-
tion for this phenomenon would be the higher utility of hybrid
fixation in general [42], or for certain hybrid implants [43] at
six months after surgery. Therefore, studies that considered
this implant-specific utility, extrapolated these differences in
the lifetime QALY calculation. Studies that considered the
utility input as equal for different components, however, did
not observe higher lifetime QALYs in alternative fixation
modes that could compensate for the lower lifetime costs of
cemented fixation. Therefore, these studies concluded that
cemented fixation was the most cost-effective [48,51]. This
phenomenon was also observed in the sensitivity analysis of
one study [42]. If it was assumed that QALY differences only
existed during the first two postoperative years, instead of
a lifetime extrapolation, the probability that cemented fixation
was most cost-effective instead of hybrid fixation increased
[42]. It is a dubious assumption whether differences between
implants at six months postoperatively remain unchanged for
the rest of patients’ life, especially since clinical improvements
are known to occur after the initial six postoperative months
[55]. However, further research is needed toward the post-
operative course of utility and the potential existing differ-
ences between implants at longer follow-up.

Secondly, cautious interpretation of the results is recom-
mended due to the uncertainty in the individual CEAs that
were included. It was stated that differences in cost-
effectiveness between the top 4 implants were small in the
study of Pennington et al. [43], that differences in QALYs and
costs between categories were extremely small and borderline
respectively in the study of Pulikottil-Jacob et al. [48], and that
the probability that any implant was most cost-effective was
much lower after harmonizing implant prices in the study of
Fawsitt et al [51].

Thirdly, the main input sources of data of the included
CEAs have to be considered. Data was mainly derived from
large arthroplasty registries in general. The use of large arthro-
plasty registries is currently optimal for obtaining sufficient
numbers of patients and adequate follow-up length in order
to perform CEAs on implant optimization in THA. However,
a drawback of arthroplasty registry data is their observational
nature. As a consequence, a fair risk of selection bias exists.
Although all included high quality studies performed risk
adjustments based on known risk factors (e.g. sex, age, ASA
class, BMI, revision-free interval etc.), the occurrence of selec-
tion bias cannot be ruled out completely [42,43,47,48,51].

Fourthly, differences in the costs of treatment and public
reimbursement systems between countries impact the results

and complicate the generalizability and the transferability
between countries. Accordingly, a study performed by
Stargardt assessed variations in the costs of primary hip repla-
cement between nine member states of the European Union
(EVU) and found considerable differences between and within
countries [56]. It was found that treatment costs ranged
between €1290 (Hungary) to €8739 (The Netherlands), with
a mean cost of €5043 (SD + €2071). Especially large differences
in costs were found between Poland and Hungary, and the
other studied EU member states (mean costs of primary THA
per investigated country: Italy = €6982, Germany = €6364,
France = €6101, Denmark = €5932, England = €5691, The
Netherlands = €5605, Spain = €3599, Poland = €2125,
Hungary = €1294). In case input parameters between coun-
tries are not exactly aligned, the conclusions may still be
comparable. However, in order draw solid conclusions for
a specific healthcare system, a specific study within that health
system is desirable because of the higher internal validation.
Also differences in clinical practice between countries should
be considered, since it was observed that incidence rates,
patient characteristics, surgical technique, and implant trends
in THA differ between countries [23]. Therefore, although we
aimed to present an overview of all published results, our
overall findings should be interpreted with caution, especially
for healthcare systems other than the UK.

Finally, the timeliness of studies included in our review should
be considered. In THA, new insights have emerged, and
advances have been made over the last decades. Therefore,
relatively old publications might potentially influence the out-
comes of interest due to the use of discontinued component
designs and suboptimal operative techniques or patient selec-
tion. Although this is relevant for the interpretation of individual
studies in general, we do not believe that this was a major issue
in the current review. All high methodological quality studies
included in the current review were published between 2011
and 2019 [42,43,47,48,51]. Therefore, the ‘oldest’ publication with
a high methodological quality was published <10 years ago.
Furthermore, all high-quality studies were conducted in well
developed countries (i.e. Italy and the UK). Accordingly, the
implant combinations that were studied in the high-quality stu-
dies are considered currently relevant implants (supplementary
Table 1) and patients underwent surgery mainly because of
osteoarthritis of the hip. Information on surgical approach or
procedural data was not provided in any of the high-quality
studies. Since the studies were based on national databases, it
is assumed that several surgical approaches have been included
in their patient populations. Overall, it is our belief that the data
of the high-quality included studies are representative for cur-
rent practice. However, the timeliness of costs has to be consid-
ered as well. It was chosen to present and interpret the results of
individual studies in this systematic review as they were pub-
lished, as this ensures transparency and verifiability. Therefore,
no reference year or a single reference currency was stated in the
methodology. As a consequence, the willingness to pay was
defined for multiple currencies. In our review, the year of valua-
tion of the high-quality studies ranged between 2010 and 2016
(Table 1). All high quality studies that reported costs and utility,
reported costs in sterling pounds (£) [42,43,48,51]. Two studies
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reported INMB-values by the use of a willingness to pay thresh-
old of £20,000/QALY, which was in accordance with the will-
ingness to pay threshold of the current review [48,51]. The
timeliness of costs is considered not to complicate the compar-
ability between studies tremendously, since the range in years of
valuation between studies is considered acceptable and the
willingness to pay was solely applied as £20,000/QALY.
However, one should always be aware of the timeliness of the
exchange rate and valuation year of individual studies when
interpreting economic evaluations.

The total number of available studies on this topic is cur-
rently limited (n = 12), especially those of high methodological
quality (n = 5). The current review aimed to present all avail-
able evidence, no restrictions regarding country of origin were
therefore stated. Accordingly, since four out of the five high
quality studies were mainly based on NJR data, we conclude
that it is currently too early for reviews on specific countries
other than the UK. Comparable CEAs based on data from
other national arthroplasty registries are much needed in
order to overcome transferability problems to other countries.
In future studies it would be interesting to incorporate a
societal cost perspective as well. Koenig et al. performed
a CEA with a societal perspective on THA in general and stated
that THA averagely resulted in a net societal saving of USD
32,948 per patient and a gain of 5.5 QALYs when compared to
nonsurgical treatment [57]. Especially in the younger popula-
tions, the postoperative gain in productivity may be asso-
ciated with substantial benefits for society [57,58]. Potential
differences in rehabilitation time or time of return to work
therefore may be of societal interest.

To the best of our knowledge, this is the first systematic
review that focuses on cost-effectiveness between the available
modes of implant fixation in THA. Economic evaluations for
objective healthcare evaluation and decision guidance are
becoming increasingly important within the field of orthopaedic
surgery [59-611. Previous work on the cost-effectiveness of THA
stated the procedure to be highly cost-effective, even in high risk
populations and the eldest age groups [57,62-66]. Previously
published reviews on cost-effectiveness in THA had a broader
scope and more exploring nature than the present review
[62,66]. These previous reviews identified only one [62] or two
studies [66] that investigated the mode of fixation, which were
also identified by our systematic search and subsequently con-
sidered methodologically inferior based on the QHES [45,46],
which emphasizes the added value of the present review.

5. Conclusion

Currently available high-quality cost-effectiveness studies on
the optimal implant fixation mode in THA suggest hybrid or
cemented fixation to be the most cost-effective for most age
groups and both genders. Cementless fixation as the main
mode of fixation is therefore not supported by currently avail-
able CEAs. These findings are however uncertain and depend
on assumptions in the methodology of individual studies.
Furthermore, the number of available studies on this topic is
limited and particularly based on a single national arthroplasty
registry, which complicates the transferability of results to
other healthcare systems. Future work is therefore much

needed. Currently, cost-effectiveness studies should not be
the only evidence to consider when choosing a certain
implant fixation mode in clinical practice.
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