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Abstract

Background: The increasing incidence of primary total knee arthroplasty (TKA) has led to an increase in both the
incidence and the cost burden of revision TKA procedures. This study aimed to review the literature on the cost of
revision TKA for septic and aseptic causes and to identify the major cost components contributing to the cost
burden.

Methods: We searched MEDLINE (OvidSp), Embase, Web of Science, Cochrane Library, EconlLit, and Google Scholar
to identify relevant studies. Selection, data extraction and assessment of the risk of bias and cost transparency
within the studies were conducted by two independent reviewers, after which the cost data were analysed
narratively for 1- or 2-stage septic revision without re-revision; 2-stage septic revision with re-revision; and aseptic
revision with and without re-revision, respectively. The major cost components identified in the respective studies
were also reported.

Results: The direct medical cost from the healthcare provider perspective for high-income countries for 2-stage
septic revision with re-revision ranged from US$66,629 to US$81,938, which can be about 2.5 times the cost of 1- or
2-stage septic revision without re-revision, (range: US$24,027 — US$38,109), which can be about double the cost of
aseptic revision without re-revision (range: US$13,910 — US$29,213). The major cost components were the
perioperative cost (33%), prosthesis cost (28%), and hospital ward stay cost (22%).

Conclusions: Septic TKA revision with re-revision for periprosthetic joint infection (PJI) increases the cost burden of
revision TKA by 4 times when compared to aseptic single-stage revision and by 2.5 times when compared to septic
TKA revision that does not undergo re-revision. Cost reductions can be achieved by reducing the number of
primary TKA that develop PJI, avoidance of re-revisions for PJI, and reduction in the length of stay after revision.

Trial registration: PROSPERO; CRD42020171988.
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Background

The increasing incidence of primary total knee arthro-
plasty (TKA) has resulted in a corresponding increase in
the incidence of revision TKA procedures [1, 2] for both
septic and aseptic reasons (such as instability, pain,
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stiffness, fracture and loosening-lysis). This has increased
the financial burden to patients, healthcare payers, and
healthcare providers (HCP), especially when the revision
procedures are often not anticipated, or budgeted for.
Revisions for aseptic reasons are usually single stage,
while revisions for sepsis or periprosthetic joint infection
(PJI) can be planned as a single stage or double stage
with a risk for further revision if the infection is not re-
solved. The United Kingdom revision knee working
group (RKWG) has described the main reasons for
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revision TKA using the ‘SPECIFIC’ acronym, which in-
clude stiffness and soft tissue problems, patella and
malposition/ or malrotation, extensor mechanism dys-
function, component loosening, infection, fracture, in-
stability, and component wear or breakage [3]. Early
revision procedures within 2 years of the primary TKA
are typically for infection, instability, pain or stiffness,
with infection being the primary cause of revision of
modern prostheses [4]. Late revisions are more typically
due to loosening, lysis, or fracture [5, 6]. To reduce the
lifetime cost of arthroplasty, it is imperative that the re-
vision rate be reduced as much as possible.

A fundamental mechanism for cost control and fiscal
planning for revision TKA is to estimate the costs of the
different septic and aseptic revision TKA procedures.
Knowledge of the costs across countries and settings,
and the major cost components will assist to implement
measures to minimize future revision burden.

This study, therefore, aimed to review the existing lit-
erature that estimated the cost of revision TKA and
identify the major cost components that contribute to
the total cost burden. The problem-intervention-
comparator-outcome (PICO) framework was used to
formulate the following research questions:

1. What is the cost of revision TKA for PJI and aseptic
causes?

2. Which cost components are major contributors to
the total cost of revision TKA?

Methods

Protocol and registration

A study protocol for this systematic review can be
accessed at https://doi.org/10.1007/s41669-020-00242-7.
The design of this systematic review followed the recom-
mendation in the Preferred Reporting Items for System-
atic Review and Meta-Analysis (PRISMA) 2009 statement
[7]. Details of the PRISMA checklist are provided (see
Additional file 1). The systematic review was registered in
the International Prospective Register of Systematic Re-
views (PROSPERO; CRD42020171988).

Inclusion and exclusion criteria
Studies included in the review met the following criteria:

1. Original research on economic evaluations of data
on revision TKA.

2. The studies presented cost data.

3. Costs were from either a patient, payer, or
healthcare provider perspective.

4. Full-text articles.

5. Studies on humans and presented in the English
language.
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Studies were excluded for the following reasons:

1. Studies outside the scope of revision TKA.

2. Costs not specific for revision TKA or TKA costs
without revision cost or cost of reoperation without
revision.

3. Studies with unclear methodology. Studies with
unclear methodology refer to studies with no
defined approach, perspective, data items or
analytical procedure.

Information sources

We searched MEDLINE (OvidSp), Embase, Web of Sci-
ence (WoS), Cochrane Library, EconLit, and Google
Scholar to identify relevant studies.

Search strategy

Using relevant Medical Subject Headings (MeSH) and
text words, we created search terms. Similar search
terms were combined to form union clusters. The differ-
ent union clusters were combined to form an intersec-
tion. Details of the search strategy were described in the
study protocol [8]. The MEDLINE search strategy was
adapted for search in other databases.

MEDLINE (OvidSp), Embase, and WoS were searched
on 2 November 2020, while the other databases were
searched on 3 November 2020. Auto-alert systems were
set-up for MEDLINE (OvidSp), Embase, and WoS by
two authors, CO and BH. The other three databases
were searched again by CO and BH on 4 and 5 January
2021. Two additional relevant studies were found from
the auto-alert systems [9, 10]. The auto-alert systems
were stopped on 10 January 2021.

Selection process

Results of the search from the different databases were
exported into a single EndNote library. The EndNote
was used to de-duplicate the studies. After de-
duplication, we initiated an auto-search for full-text of
the articles. The selection was done independently by
CO and BH against the inclusion/exclusion criteria. The
selection was done in two phases. First, CO and BH
screened titles and abstracts of the studies for originality,
relation to revision TKA and economic evaluation or
presentation of cost data. Next, we assessed the full text
of potential articles for clarity of method, study perspec-
tive and cost involving revision TKA. JB and SN
reviewed the selection by CO and BH. Relevant studies
which were excluded in the cost synthesis but met the
inclusion criteria were listed in a table describing the
characteristics of the excluded studies. Details of the se-
lection process were described in the study protocol [8].
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Data collection process

We piloted an electronic data extraction form to collect
data from the selected studies. CO and BH independ-
ently extracted and managed the data from the included
studies. Disagreements on some extracted results were
resolved by JB. The data were collected based on the
International Society for Pharmacoeconomics and Out-
come Research (ISPOR) Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) guideline
[11]. The Larg and Moss guideline for cost of illness
(COI) studies and the Campbell and Cochrane Econom-
ics Methods Group (CCEMG) guideline were also
employed in our data extraction process [12, 13].

Data items, outcome, and prioritization
Data were collected for the following types of revision
TKA:

i.  One-stage revision without re-revision: For aseptic
revision, this includes one component, two compo-
nents, all components exchange or secondary pa-
tella resurfacing. In the case of sepsis, it involves
open debridement of the infected TKA followed by
immediate revision by removal and or reimplanta-
tion of all components (one-stage revision for PJI)
or just the exchangeable polyethylene component
(DAIR — Debridement, Antibiotics, and Implant Re-
tention). One-stage revision of all components or
DAIR are more commonly used in patients without
systemic sepsis, extensive comorbidities or immu-
nocompromise, infection with resistant organism,
culture-negative infection, and poor soft tissue
coverage [14]. To perform a DAIR, the femoral and
tibial components need to be well-fixed and prefera-
bly undertaken acutely, prior to bio-film formation
on the components.

ii. One-stage revision with re-revision: In this case
there is a surgical failure of the one-stage revision
TKA or another SPECIFIC diagnosis [3] requiring
revision, which leads to a subsequent revision. In
re-revision for aseptic failure, the original revision
may not have addressed the cause of failure ad-
equately, such as component malposition if only
one component was exchanged. In re-revision for
recurrent PJI, the initial one-stage procedure has
failed to eradicate the PJI.

ili. Two-stage revision without re-revision: This pro-
cedure is the most common procedure for the
treatment of chronic knee PJI. The first stage con-
sists of the removal of the infected implant, surgical
debridement, and insertion of a temporary anti-
biotic spacer device. After a delayed time, usually
3—6 months later, the second stage (reimplantation)
is performed when the treating medical team
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confirms that the infection has resolved [14]. The
second stage involves the removal of the antibiotic
spacer and the application of another prosthetic im-
plant [15].

iv. Two-stage revision with re-revision: In this case
there is a surgical failure of the two-stage revision
TKA for PJI, or another SPECIFIC diagnosis [3] re-
quiring revision, which leads to a subsequent revi-
sion. This is more likely in multi-organism PJI, PJI
with resistant microorganisms, or in immunocom-
promised patients.

Data was also collected on the factors responsible for
revision and the cost drivers for revision TKA.
Data were extracted based on the following:

a. Publication: title, authors, year, and country the
study was conducted.

b. Study design: cohort study, case-control study, and
cross-sectional study.

c. Aim of the study, sample size, gender, study
perspective, data source, the time horizon of
observation, timeframe of cost estimation, number
of revisions, length of hospital stay, comparators,
and type of economic evaluation.

d. Cost measure: direct medical costs which include
medical costs involved in the direct provision of
healthcare.

Risk of bias and cost transparency within the studies

We performed the risk of bias and cost transparency as-
sessment of the individual studies at the outcome level
using the Consensus Health Economic Criteria (CHEC)
and the Larg and Moss checklists [12, 16] and the
Fukuda and Immanaka criteria [17]. Studies were classi-
fied as ‘low risk’ (0—10%), ‘low-moderate risk’ (11-20%),
‘high-moderate risk’ (21-30%), or ‘high risk’ (>30%)
based on applicable items for each study [8]. Further-
more, studies were classified as ‘excellent’ (Aa), ‘very
good’ (AP; Bo; BP), ‘good’ (By; Ca; CPB; Cy), ‘fair’ (B§; C§;
Da; DB; Dy) and ‘poor’ (D§; De) in cost transparency [8].
Studies with a high risk of bias (>30%) and or poor cost
transparency (D8 and De) were excluded from the data
synthesis. The assessments were completed in duplicate
by CO and BH. Differences were resolved with SN.

Summary measures

The primary measure was the mean cost of revision
TKA, while the second measure (where possible) was
the cost difference between the primary TKA and the re-
vision TKA.
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Data synthesis

Due to the heterogeneity in the cost estimates of the in-
cluded studies, we performed a narrative synthesis of an-
swers to our research questions. To achieve this, we
used the direct medical cost of studies from the HCP
perspective. Costs of revision TKA from the included
studies were grouped into aseptic revision TKA and sep-
tic revision TKA. For septic revision TKA, we classified
cost estimates as 1- or 2-stage septic revisions without
re-revision (i.e., one revision only) and 1- or 2-stage sep-
tic revision with one re-revision (i.e., two revisions). All
costs were adjusted to 2019 USD values. The cost ad-
justment followed the guidelines of the CCEGM and the
Evidence for Policy and Practice Information and Coord-
inating Centre (EPPI-Centre) [18].

Results

Study selection

A total of 6188 studies were identified from the six data-
bases at the end of the search. De-duplication was done,
and 5635 studies were available for screening. Studies
excluded at the screening phase were moved to exclu-
sion folders based on the reason for exclusion in a hier-
archy order already defined in the study protocol [8].
We found further duplicates at this stage which were
also excluded. At the end of the screening, 191 potential
studies were available for eligibility check. A total of 37
studies met the criteria for inclusion. See Fig. 1 for the
detailed flow diagram of the selection process.

Studies characteristics

Data were extracted from each study based on the
data items described in the study protocol [8]. Data
extraction showed that out of the 37 studies, 22 stud-
ies (59%) were conducted in the United States [9, 19—
39]. Studies were also conducted in Turkey [40],
Canada [41], Brazil [42], Italy [43], New Zealand [44],
Germany [45-47], Czech Republic [48, 49], United
Kingdom [50], Republic of Ireland [51], Finland [52],
Portugal [53] and Pakistan [10]. The sample size for
each study used in this review was the interest group
(revision TKA) sample size as some studies assessed
primary TKA and hip joint replacements in addition
to revision TKA. The non-interest group sample size
and general sample size details can be found in ‘Add-
itional file 2’. The sample size ranged from a mini-
mum of 3 patients in Gow et al. [44] to a maximum
of 301,718 patients in Kamath et al. [25]. The pa-
tients’ demographic characteristics (specifically age
and sex) were similar across the studies. Patients’
mean age ranges from 61.3years in Igbal et al. [10]
to 74.6 years in Li et al. [31]. In 84% of the included
studies, females were the majority who underwent re-
vision TKA [29, 30, 35, 42, 46, 53]. Infection was the
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major cause of revision in 70% of the studies [10, 20,
26, 38, 43, 45, 46, 51, 53], while mechanical loosen-
ing, instability, fracture, pain and other aseptic causes
represent 30% [30, 35, 50]. A 2-stage septic revision
was the most widely used surgical approach in most
cases of septic revision. Most of the studies (82%) es-
timated cost from the HCP perspective [10, 20, 25,
34, 38, 40, 42, 43, 45, 51, 53], while the remainders
(18%) were from the payer and patient perspective
[31, 33, 36, 39, 41, 48, 50]. All studies were COI
studies except for Burns et al., which was a cost-
effectiveness analysis [41]. All of the included studies
reported direct medical costs of management only.
The time horizon of observation ranged from 12
months [20, 35] to 180 months [27]. The length of
hospital stay varied from 5 days [21, 24, 53] to 48 days
[45]. Prosthetic joint infection was the main reason
for longer stay [19, 50, 51]. The timeframe of the cost
estimation was similar to the length of hospital stay
for most studies except for four studies which had a
short-term follow-up cost (post hospital discharge
cost) of about one week to four months [21, 26, 32,
43]. The studies’ designs, methodologies and cost
evaluation methods were assessed for risk of bias and
transparency, and each study was scored accordingly.
See Table 1 for details of the studies’ characteristics,
and Additional file 2 for further details.

Risk of bias and cost transparency of the included studies
From the risk of bias assessment, four studies [23, 36,
37, 41] had a high risk of bias, while the cost transpar-
ency test showed that three studies had poor transpar-
ency [22, 27, 37]. These six studies were excluded from
the outcome analysis. Six studies presented cost as reim-
bursement and were also excluded in the outcome ana-
lysis [31, 33, 36, 39, 41, 48]. Three studies [40, 44, 52]
combined the cost of knee and hip revision and were
also excluded in the analysis since the costs for revision
TKA alone were not presented. Four more studies were
also excluded because the costs were a combination of
reoperation and revision [20, 42], rebate cost [46], and
hybrid cost [9]. In all, 17 studies were excluded from the
data synthesis. Figure 2 presents the risk of bias assess-
ment using the CHEC checklist, while the Larg and
Moss assessment was presented in Additional file 2.
Additional file 3 presents the scores for the risk of bias
and transparency assessment, respectively.

Studies that presented cost as charges (without pre-
senting the cost-charge ratio) [26, 29] but passed the risk
of bias and cost transparency tests were converted to
cost using a cost-charge ratio [54]. All of these studies
[26, 29] were United States-based, and as such the
United States national-average cost-charge ratio of 0.5,
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based on the healthcare cost and utilization project
(HCUP) estimate, was used [54].

Cost of revision total knee replacement of the individual
studies

After the risk of bias and transparency assessment, 20 studies
were included in the data synthesis. 14 out of the 20 studies
reported cost data for septic revision [10, 19, 25, 26, 28, 30,
34, 38, 43, 45, 49-51, 53], while 7 studies reported cost data

for aseptic revision [19, 25, 30, 35, 50, 51, 53]. Six studies re-
ported costs for revision TKA without specifying the cause
and type of revision [21, 24, 29, 32, 42, 47]. Cost data were
mostly from developed countries except for two studies from
Brazil [42] and Pakistan [10].

The cost of revision TKA ranged from US$7837 in
Weber et al. [47] to US$81,938 in Hebert et al. [19]. Re-
vision TKA was about two times the cost of primary
TKA as reported in several studies [19, 35, 47, 53]. Also,
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Fig. 2 Risk of bias assessment of the included studies using the Consensus Health Economic Criteria

the cost of revision TKA due to PJI was higher than
aseptic revision by about 2-fold, but this is dependent on
certain factors which include the number of revisions,
length of hospital stays and cost duration. The direct
medical cost from the healthcare provider perspective
for high-income countries for 2-stage septic revision
with one re-revision ranged from US$66,629 [26] to

US$81,938 [19], while for 1- or 2-stage septic revision
without re-revision, the cost ranged from US$24,027
[53] to US$38,109 [49]. For aseptic revision with one re-
revision, the cost ranged from US$35,926 to US$37,791
[30], while for aseptic revision without re-revision, the
cost ranged from US$13,910 [53] to US$29,213 [19].
Table 2 presents the narrative costs of revision TKA
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Author & Cost year of study Cost estimate (Cl), Cost difference Number of  Length of hospital Duration of cost
Year & currency [SD], 2019 USD between PTKA & RTKA  revisions stay (days) estimate (days)
One- or two-stage septic revision
Efremov 2017, Euro 2-stage: 31,020 (18,668 N/A 1 26 (15-52) 147
et al, 2019 -52,916)
Haenle 2011, Euro 37,047 26917 1 482 482
etal, 2012
Kallala 2012, Pounds 48428 [7284] ° N/A 1 215 215
et al, 2015
Kamath 2010, USD 30,032 N/A 1 7.5 75
et al, 2015
Kurtz et al, 2010, USD 28,288 (26,651 - N/A 1 7.2 (6.9-79) 76
2012 29,924)
Musil et al, 2018, CZK 2-stage: 38,109 N/A 1 10 10
2019
Oduwole 2006, Euro 2-stage: 29,314 (15448 N/A 1 39 39
et al, 2010 - 42,936)
Sousa et al, 2015, Euro 2-stage: 24,027 8487 1 143 143
2018
Igbal et al, 2019, PKR 2-stage: 12,277 (10,114 1 Il 11
2020 - 14,440)
Waddell 2013, USD 2-stage: 37,792 (30,293  N/A 1 9 9
etal, 2016 - 48319)
Herbert 1993, USD 2-stage: 81,938 35,129 2 321 321
et al, 1996
Kapadia 2011, USD 2-stage: 66,629 (25428 50,456 2 23.7 (4-49) 30.2
et al. 2014 — 154,526)
Lavernia 2005, USD 2-stage: 75462 (72,390 N/A 2 16 16
et al, 2006 - 78,535)
Parvizi 2009, USD 2-stage: 77,420 (58,065 N/A 2 285 285
etal, 2010 - 96,775)
Aseptic revision
Herbert 1993, USD 29,213 1 12.8 12.8
et al, 1996
Kallala 2012, Pounds 15,980 [968] © N/A 1 96 96
et al, 2015
Kamath 2010, USD 22,860 N/A 1 75 75
et al, 2015
Oduwole 2006, Euro 19,245 (7403 - 31,424) N/A 1 16 16
et al, 2010
Reeves 2013, USD 16,806 (12,605 — 4314 1 6 6
etal, 2018 21,008)
Sousa et al, 2015, Euro 13,910 N/A 1 5 5
2018
Lavernia 2005, USD 35,926 (34,061 — N/A 2 6.6 6.6
et al, 2006 37,791)
Unspecified cause and type of revision
Bosco Il 2012, USD 67,210 30616 2 5 30
etal, 2014
Lavernia 1991, USD 18,674 (17,180 — 4528 1 17 17
et al, 1995 20,168)
lorio et al, 1995, USD 18,612 2321 1 5.1 5.1
1999
Nichols 2013, USD 75,766 18,564 2 56 90
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Table 2 Costs of revision total knee replacement (Continued)
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Author & Cost year of study Cost estimate (Cl), Cost difference Number of  Length of hospital Duration of cost
Year & currency [SD], 2019 USD between PTKA & RTKA  revisions stay (days) estimate (days)
et al, 2016a
Weber 2016, USD 7837 [2278] 3339 1 13.1 13.1
et al, 2018

Cl Confidence interval, PTKA Primary total knee arthroplasty, RTKA Revision total knee arthroplasty, CZK Czech koruna, PKR Pakistan rupee, N/A Not applicable.

?Patient cost perspective

across different studies and settings while Additional file
3 presents the excluded studies from the data synthesis.

Major cost components of revision total knee
replacement

The results from the included studies showed that the
major cost components include perioperative cost (oper-
ating room cost, anaesthesia, and procedure cost), 33%
(6—-50%); prosthesis cost, 28% (10-45%); and cost of hos-
pital ward stay, 22% (5-35%). The major cost compo-
nents described by the included studies are presented in
Table 3.

Discussion

This systematic review assessed the cost of septic and
aseptic revision TKA to provide an overview of its finan-
cial burden and explored some of the cost components
that drive the total cost, revealing that the cost of septic
revision TKA can be about twice as expensive as aseptic
revision TKA, an important consideration given that in-
fection is now the most common reason for revision
with modern prostheses [4]. The major cost components
identified were the perioperative cost, prosthesis cost,
and hospital ward stay cost. It is feasible to reduce the
high-cost burden of revision TKA through the major
factors and cost drivers identified from this review. At a
fundamental level, the number of revisions per patient,
hence the cost burden of revision, can be substantially
reduced through optimal patient, prosthesis and proced-
ure selection for the primary TKA [55, 56] and by redu-
cing the number of primary TKA by effective non-
operative knee osteoarthritis management, such as obes-
ity reduction and exercise programs.

At a more tertiary level, cost-containment can
minimize the high cost burden associated with revision
TKA [24]. Implant cost reduction programs such as
price reductions from the manufacturer, competitive
bidding processes by the hospital, and implant
standardization can help reduce implant cost [24]. The
cost of hospital ward stay length after revision TKA can
be minimized through enhanced perioperative proce-
dures, and post-operative practices [55] including out-
patient intravenous antibiotic services especially for
patients whose residential addresses are close to the
hospital.

Furthermore, with PJI it remains unclear when to per-
form a DAIR, a single stage revision of all components
or a two-stage revision. Further research and decision-
making tools are required to enable surgeons to better
predict optimal candidates with PJI for the three differ-
ent revision options. Unfortunately, PJI patients with a
failed DAIR or a failed single stage revision then require
a two-stage revision, a large burden to both the individ-
ual and society. The risk of re-revision after single- or
two-stage PJI revision can also be minimized by optimiz-
ing pre-operative status and post-operative status of pa-
tients to minimize immunocompromise and attenuate
risk [55]. Finally, the risk of repeat revision after a failed
single stage revision for aseptic failure can be reduced by
avoidance of one component revision when revision of
both femoral and tibial components is more likely to re-
duce later revision risk, such as with revision for stiff-
ness, instability or mal-positioning.

Continuous clinical monitoring through national joint
registries and infection-specific surveillance networks
can benefit revision TKA cost. The Dutch PREZIES net-
work (‘PREventie van ZIEkenhuisinfecties door Surveil-
lance’) [57] and the French CRIOAcs (Centres de
Référence des Infections Ostéoarticulaires complexes)
healthcare network [58] have proven their potential to
control the cost of revision TKA due to PJI, which has
led to the current initiative to implement similar surveil-
lance network in the United Kingdom to control the sur-
gical site infection cost burden [59]. Moreover, greater
research funding should be provided to arthroplasty-
related PJI prevention and management [60]. Finally,
health services reorganisation to provide specialised
arthroplasty revision centres should be considered to
also control the cost burden of revision TKA [60].

The studies included in this review have several limita-
tions. None of the studies evaluated the indirect cost of
revision TKA to the society or patient. Accordingly,
some of the studies discussed this as part of their study
limitations [42, 45, 50, 53]. Second, there were variations
in the cost components and duration of the cost esti-
mate used in the respective studies due to variations in
different healthcare systems. This heterogeneity made it
impossible to perform a meta-analysis of the cost data.
Some of the studies only considered inpatient cost with-
out outpatient care cost [10, 25, 30, 45, 53]; some did
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Table 3 Major cost drivers from the included studies

Author, year

Cost drivers in descending order for each study (proportion of total cost)

Dal-paz et al,, 2010

Haenle et al, 2012

Kamath et al, 2015
Kapadia et al, 2014

Kasch et al,, 2017

Lavernia et al, 1995
Nichols et al., 2016a
Nichols et al, 2016a

Oduwole et al, 2010

Puhto et al, 2019

Sousa et al, 2018

Waddell et al, 2016

Weber et al, 2018

Yao et al,, 2020

Igbal et al,, 2020

Summary cost major cost components (range)

Medications’ cost (27%);

Hospital ward stay cost (25%);
Laboratory tests cost (20%);

Prosthesis cost (9.5%)

Hospital ward stay cost (27%);

Prosthesis cost (23%)

Hospital ward stay cost (N/A)

Operating room cost (56%);

Hospital ward stay cost (22%)

Prosthesis (34%);

Hospital ward stay (21%);

Personnel cost (13%)

Prosthesis cost (45%)

Medical and surgical supplies cost (N/A)
Medical and surgical supplies cost (59%);
Operating room cost (19%);

Room and board cost (14%)

Hospital ward stay cost (N/A);

Prosthesis cost (N/A)
Operating/procedure /prosthesis cost (51%);
Hospital ward stay cost (28%)

Prosthesis and clinical materials cost (60%);
Personnel cost (14%);

Hospital ward stay cost (8%)

Prosthesis cost (N/A);

Perioperative cost (N/A);

Hospital ward stay cost (N/A)

Prosthesis cost (41%);

Hospital ward stay cost (35%);
Perioperative cost (24%)

Operating room and anaesthesia cost (39%);
Room and board cost (24%):

Prosthesis cost (17%)

Prosthesis & clinical materials cost (77%);
Operating room cost (6%);

Hospital ward stay cost (5%)
Perioperative cost 33% (6-50%);
Prosthesis cost 28% (10-45%)
Hospital ward stay cost 22% (5-35%)

N/A Proportion not available or reported

not include follow-up cost like the cost of further re-
admission due to complications [50, 53]. In some of the
studies from the United States whose costs were ob-
tained from the National databases, surgeon costs were

not included [19, 29, 30]. Third, some studies presented
cost as a proxy using charges [19, 22, 26, 29]. Fourth,
over 70% of the studies could not present the cost of
each component or the unit cost of the components to
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show transparency [20-25, 27, 28, 30, 34, 35, 44, 50]. Fu-
ture studies should consider the limitations found within
this systematic review in providing robust estimates for
the cost of revision TKA.

Our study has several limitations in its analyses and
syntheses. First, we included studies as far as the year
1996. Clinical practice in the last decade has evolved
compared to the 1990s. Limiting the studies to recent
dates would have provided a more updated result. How-
ever, limiting to more recent studies would have also re-
duced the number of studies evaluated which, in turn,
reduces the robustness of our analysis. We used an up-
dated costing tool that incorporates purchasing power
parity and inflation to reflect all costs in 2019 USD,
which minimizes this limitation [18]. Second, for the
United States costs data presented as charges, without
presenting the cost-to-charge ratio, we used a national
cost-charge ratio of 0.5 to convert charges to cost. This
could underestimate or overestimate the actual cost.
Third, although, most cost estimates from the included
studies were the direct medical costs from the HCP per-
spective, which enabled comparison of costs in the dif-
ferent revision TKA groups, our results undermined the
direct non-medical and the indirect costs of revision
TKA. Fourth, due to structural differences in the health-
care systems of different countries, the use of cost as an
outcome for narrative synthesis is a limitation. We also
had limited ability to ensure the cost items of studies in-
cluded in the narrative synthesis are precisely the same.

Conclusion

The cost burden of septic revision TKA with re-revision
can be 2.5 times greater than for septic revision and 4
times greater than aseptic revision when re-revision is
not performed. Cost reductions can be achieved by redu-
cing the number of primary TKA that develop PJI,
avoidance of re-revisions for PJI, and reduction in the
length of stay after revision.

Abbreviations

TKA: Total Knee Arthroplasty; PJI: Periprosthetic Joint Infection;

ISPOR: International Society for Pharmacoeconomics and Outcome Research;
CHEERS: Health Economic Evaluation Reporting Standards; CHEC: Consensus
Health Economic Criteria; CCEMG: Campbell and Cochrane Economics
Methods Group; EPPI-Centre: Evidence for Policy and Practice Information
and Coordinating Centre; COIl: Cost-of-illness; HCP: Healthcare Provider;
HCUP: Healthcare Cost and Utilization Project; LOS: Length of Hospital Stay;
RKWG: Revision Knee Working Group

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512891-021-04597-8.

Additional file 1.
Additional file 2.
Additional file 3.

Page 12 of 14

Acknowledgements
Not applicable.

Authors’ contributions

CO, CV, SN and JB were responsible for conceptualization. CO and SN
developed the study design, inclusion, and exclusion. CO and BH did the
literature search and data extraction. JB and SN reviewed the search and
data collected. CO, JB and SN contributed to the synthesis and data analyses
methods. CO wrote the first draft of the manuscript. JB, SN, and CV revised
the manuscript. All authors reviewed the final manuscript. The authors read
and approved the final manuscript.

Funding
The authors received no funding for this study.

Availability of data and materials
All data generated and analyzed during this study are included in this article
and its supplementary files (Additional file 2 and Additional file 3).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Centre for Applied Health Economics, School of Medicine and Dentistry,
Griffith University, 170 Kessels Road, Nathan, Queensland 4111, Australia.
’Menzies Health Institute, Griffith University, Gold Coast, Queensland,
Australia. *Knee Research Australia, Gold Coast, Queensland, Australia.

Received: 2 August 2021 Accepted: 4 August 2021
Published online: 18 August 2021

References

1. Australian Orthopaedic Association. Joint Replacement Annual Report. 2020.
https://acanjrr.sahmri.com/annual-reports-2020. Accessed 15 Apr 2021.

2. American Academy of Orthopaedic Surgeons. American Joint Replacement
Registry-2019 Report. 2019. http://connect.ajrr.net/2019-ajrr-annual-report.
Accessed 20 Jun 2020.

3. Murray JR, Howells N, Mathews JA, Kalson NS, Porteous Al. Investigation of
the problematic knee replacement. Knee. 2020;27(5):1676-80. https.//doi.
0rg/10.1016/j.knee.2020.07.083.

4. Koh CK, Zeng |, Ravi S, Zhu M, Vince KG, Young SW. Periprosthetic joint

infection is the Main cause of failure for modern knee arthroplasty: an

analysis of 11,134 knees. Clin Orthop Relat Res. 2017;475(9):2194-201.
https://doi.org/10.1007/511999-017-5396-4.

Khan M, Osman K, Green G, Haddad FS. The epidemiology of failure in total

knee arthroplasty. Bone Joint J. 2016;98-B(1_Supple_A):105-12. https://doi.

0rg/10.1302/0301-620X.98B1.36293.

6. Sharkey PF, Hozack WJ, Rothman RH, Shastri S, Jacoby SM. Why are Total
knee arthroplasties failing today? Clin Orthop Relat Res. 2002;404:7-13.
https://doi.org/10.1097/00003086-200211000-00003.

7. PRISMA. PRISMA 2009 Statement. 2009. http://prisma-statement.org/PRISMA
Statement/Checklistaspx. Accessed 1 May 2020.

8. Okafor CE, Nghiem S, Vertullo C, Byrnes J. Cost of revision Total knee
replacement: a protocol for systematic review and Meta-analysis.
PharmacoEconomics - Open. 2020;5(2):331-7. https://doi.org/10.1007/s41
669-020-00242-7.

9. Yao JJ, Hevesi M, Visscher SL, Ransom JE, Lewallen DG, Berry DJ, et al. Direct
inpatient medical costs of operative treatment of Periprosthetic hip and
knee infections are twofold higher than those of aseptic revisions. J Bone Jt
Surg Am. 2019;2020:1-6.

10. Igbal F, Shafig B, Noor SS, Ali Z, Memon N, Memon N. Economic burden of
Periprosthetic joint infection following primary Total knee replacement in a

v


https://doi.org/10.1186/s12891-021-04597-8
https://doi.org/10.1186/s12891-021-04597-8
https://aoanjrr.sahmri.com/annual-reports-2020
http://connect.ajrr.net/2019-ajrr-annual-report
https://doi.org/10.1016/j.knee.2020.07.083
https://doi.org/10.1016/j.knee.2020.07.083
https://doi.org/10.1007/s11999-017-5396-4
https://doi.org/10.1302/0301-620X.98B1.36293
https://doi.org/10.1302/0301-620X.98B1.36293
https://doi.org/10.1097/00003086-200211000-00003
http://prisma-statement.org/PRISMAStatement/Checklist.aspx
http://prisma-statement.org/PRISMAStatement/Checklist.aspx
https://doi.org/10.1007/s41669-020-00242-7
https://doi.org/10.1007/s41669-020-00242-7

Okafor et al. BMC Musculoskeletal Disorders

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

(2021) 22:706

developing country. Clin Orthop Surg. 2020;12(4):470-6. https;//doi.org/104
055/cios20037.

Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D,
et al. Consolidated health economic evaluation reporting standards (
CHEERS ) — explanation and elaboration : a report of the ISPOR health
economic evaluation publication guidelines good reporting practices task
force. Value Health. 2013;16(2):231-50. https://doi.org/10.1016/jjval.2013.02.
002.

Larg A, Moss JR. Cost-of-illness studies. Pharmacoeconomics. 2011,29(8):653—
71. https;//doi.org/10.2165/11588380-000000000-00000.

Shemilt I, Mugford M, Byford S, Drummond M, Eisenstein E, Knapp M, et al.
Incorporating economics evidence. Oxford: Cochrane Handbook for
Systematic Reviews of Interventions; 2011. www.cochrane-handbook.org
International Consensus Group. Second International Consensus Meeting on
Musculoskeletal Infection. 2018. https//icmphilly.com/. Accessed 12 Jun 2021.
Lee YS, Chen AF. Two-stage Reimplantation in infected Total knee
arthroplasty. Knee Surg Relat Res. 2018;30(2):107-14. https://doi.org/10.5792/
ksrr.17.095.

Evers S, Goossens M, de Vet H, van Tulder M, Ament A. Criteria list for
assessment of methodological quality of economic evaluations: consensus
on health economic criteria. Int J Technol Assess Health Care. 2005:21(2):
240-5. https://doi.org/10.1017/50266462305050324.

Fukuda H, Imanaka Y. Assessment of transparency of cost estimates in
economic evaluations of patient safety programmes. J Eval Clin Pract. 2009;
15(3):451-9. https;//doi.org/10.1111/j.1365-2753.2008.01033 x.

CCEMG and EPPI-Centre. CCEMG - EPPI-Centre Cost Converter v.1.6. 2019.
https.//eppi.ioe.ac.uk/costconversion/defaultaspx. Accessed 15 Mar 2020.
Hebert CK, Williams RE, Levy RS, Barrack RL. Cost of treating an infected
total knee replacement. Clin Orthop Relat Res. 1996(331):140-5. https://doi.
0rg/10.1097/00003086-199610000-00019.

Adeyemi A, Trueman P. Economic burden of surgical site infections within the
episode of care following joint replacement. J Orthop Surg Res. 2019;14:1-9.
Bosco JA, Karkenny AJ, Hutzler LH, Slover JD, lorio R. Cost burden of 30-day
readmissions following Medicare Total hip and knee arthroplasty. J
Arthroplast. 2014;,29(5):903-5. https://doi.org/10.1016/j.arth.2013.11.006.
Bozic K, Kurtz S, Lau E, Ong K, Chiu V, Vail T, et al. The epidemiology of
revision total knee arthroplasty in the United States. Clin Orthop Relat Res.
2010;468(1):45-51. https://doi.org/10.1007/511999-009-0945-0.

Clair AJ, Evangelista PJ, Lajam CM, Slover JD, Bosco JA, lorio R. Cost analysis
of Total joint arthroplasty readmissions in a bundled payment care
improvement initiative. J Arthroplast. 2016;31(9):1862-5. https.//doi.org/10.1
016/j.arth.2016.02.029.

lorio R, Healy WL, Richards JA. Comparison of the hospital cost of primary
and revision total knee arthroplasty after cost containment. Orthopedics.
1999,22(2):195-9. https://doi.org/10.3928/0147-7447-19990201-08.

Kamath AF, Ong KL, Lau E, Chan V, Vail TP, Rubash HE, et al. Quantifying the
burden of revision Total joint arthroplasty for Periprosthetic infection. J
Arthroplast. 2015;30(9):1492-7. https://doi.org/10.1016/j.arth.2015.03.035.
Kapadia BH, McElroy MJ, Issa K, Johnson AJ, Bozic KJ, Mont MA. The
economic impact of periprosthetic infections following total knee
arthroplasty at a specialized tertiary-care center. J Arthroplast. 2014;29(5):
929-32. https;//doi.org/10.1016/j.arth.2013.09.017.

Kurtz SM, Lau E, Schmier J, Ong KL, Zhao K, Parvizi J. Infection burden for
hip and knee arthroplasty in the United States. J Arthroplast. 2008;23(7):984—
91. https://doi.org/10.1016/j.arth.2007.10.017.

Kurtz SM, Lau E, Watson H, Schmier JK, Parvizi J. Economic burden of
periprosthetic joint infection in the united states. J Arthroplast. 2012;27(8
SUPPL):61-65.e1. https://doi.org/10.1016/j.arth.2012.02.022.

Lavernia CJ, Drakeford MK, Tsao AK, Gittelsohn A, Krackow KA, Hungerford
DS. Revision and primary hip and knee arthroplasty: A cost analysis. Clin
Orthop Relat Res. 1995,(311):136-41.

Lavernia C, Lee DJ, Hernandez VH. The increasing financial burden of knee
revision surgery in the United States. Clin Orthop Relat Res. 2006;446:221-6.
https://doi.org/10.1097/01.bl0.00002 14424.67453.9a.

Li Y, Lu X, Wolf BR, Callaghan JJ, Cram P. Variation of medicare payments for
total knee arthroplasty. J Arthroplast. 2013;28(9):1513-20. https://doi.org/10.1
016/j.arth.2013.06.001.

Nichols Cl, Vose JG. Clinical Outcomes and Costs Within 90 Days of Primary
or Revision Total Joint Arthroplasty. J Arthroplast. 2016;31:1400-1406.e3.
https.//doi.org/10.1016/j.arth.2016.01.022.

33.

34.

35.

36.

37.

38.

39.

40.

42,

43.

45.

46.

47.

48.

49.

50.

52.

53.

Page 13 of 14

Nichols Cl, Vose JG. Comparative Risk of Transfusion and Incremental Total
Hospitalization Cost for Primary Unilateral, Bilateral, and Revision Total Knee
Arthroplasty Procedures. J Arthroplast. 2016;31:583-589.e1. https://doi.org/1
0.1016/j.arth.2015.10.013.

Parvizi J, Pawasarat IM, Azzam KA, Joshi A, Hansen EN, Bozic KJ.
Periprosthetic joint infection: the economic impact of methicillin-resistant
infections. J Arthroplast. 2010;25(SUPPL. 6):103-7. https.//doi.org/10.1016/j.a
rth.2010.04.011.

Reeves RA, Schairer WW, Jevsevar DS. Costs and Risk Factors for Hospital
Readmission After Periprosthetic Knee Fractures in the United States. J
Arthroplast. 2018;33:324-330.e1. https://doi.org/10.1016/j.arth.2017.09.024.
Ritter MA, Carr KD, Keating EM, Faris PN, Bankoff DL, Ireland PM. Revision
total joint arthroplasty: does medicare reimbursement justify time spent?
Orthopedics. 1996;19:131-9.

Sculco TP. The economic impact of infected joint arthroplasty. Orthopedics.
1995;18(9):871-3.

Waddell BS, Briski DC, Meyer MS, Ochsner JL, Chimento GF. Financial
analysis of treating Periprosthetic joint infections at a tertiary referral center.
J Arthroplast. 2016;31(5):952-6. https.//doi.org/10.1016/j.arth.2015.10.043.

Yi SH, Baggs J, Culler SD, Berrios-Torres SI, Jernigan JA. Medicare
Reimbursement Attributable to Periprosthetic Joint Infection Following
Primary Hip and Knee Arthroplasty. J Arthroplast. 2015,;30:931-938.¢2.
https://doi.org/10.1016/j.arth.2015.01.017.

Alp E, Cevahir F, Ersoy S, Guney A. Incidence and economic burden of
prosthetic joint infections in a university hospital: a report from a middle-
income country. J Infect Public Health. 2016;9(4):494-8. https://doi.org/10.1
016/}jiph.2015.12.014.

Burns AWR, Bourne RB, Chesworth BM, MacDonald SJ, Rorabeck CH. Cost
effectiveness of revision total knee arthroplasty. Clin Orthop Relat Res. 2006;
446:29-33. https://doi.org/10.1097/01.bl0.0000214420.14088.76.

Dal-Paz K, Oliveira PRD, de Paula AP, da Emerick MCS, Pécora JR, Lima
ALLM. Economic impact of treatment for surgical site infections in cases of
total knee arthroplasty in a tertiary public hospital in Brazil. Braz J Infect Dis.
2010;14(4):356-9. https://doi.org/10.1590/51413-86702010000400008.
Efremov K, Benedetti Valentini M, De Maio F, Potenza V, Caterini R, Farsetti
P. Periprosthetic hip and knee infections: comparison of etiology,
perioperative management and costs. Eur Rev Med Pharmacol Sci. 2019;
23(2 Suppl):217-23. https;//doi.org/10.26355/eurrev_201904_17496.

Gow N, McGuinness C, Morris AJ, McLellan A, Hardy AE, Munro JT, et al.
Excess cost associated with primary hip and knee joint arthroplasty surgical
site infections: a driver to support investment in quality improvement
strategies to reduce infection rates. N Z Med J. 2016;129(1432):51-8.
Haenle M, Skripitz C, Mittelmeier W, Skripitz R. Economic impact of infected
total knee arthroplasty. Sci World J. 2012,2012:1-6. https://doi.org/10.1100/2
012/196515.

Kasch R, Merk S, Assmann G, Lahm A, Napp M, Merk H, et al. Comparative
analysis of direct hospital care costs between aseptic and two-stage septic
knee revision. PLoS One. 2017:12:1-13.

Weber M, Renkawitz T, Voellner F, Craiovan B, Greimel F, Worlicek M, et al.
Revision surgery in Total joint replacement is cost-intensive. Biomed Res Int.
2018;2018:1-8. https.//doi.org/10.1155/2018/8987104.

Holinka M, Gallo J, Zapletalova J, Pavlicny R. Analysis of costs associated
with revision Total knee arthroplasty. Acta Chir Orthop Traumatol
Cechoslov. 2018;85:418-26.

Musil D, Snorek M, Gallo J, Jahoda D, Stehlik J. Economic analysis of the
costs of hospital stay of patients with infection as a complication of Total
replacements - part 1: Total knee arthroplasty. Acta Chir Orthop Traumatol
Cechoslov. 2019;85:173-80.

Kallala RF, Ibrahim MS, Sarmah S, Haddad FS, Vanhegan IS. Financial analysis
of revision knee surgery based on NHS tariffs and hospital costs does it pay
to provide a revision service? Bone Jt J. 2015,97-B(2):197-201. https://doi.
0rg/10.1302/0301-620X.97B2.33707.

Oduwole KO, Molony DC, Walls RJ, Bashir SP, Mulhall KJ. Increasing financial
burden of revision total knee arthroplasty. Knee Surg Sports Traumatol
Arthrosc. 2010;18(7):945-8. https://doi.org/10.1007/500167-010-1074-8.
Puhto T, Puhto AP, Vielma M, Syrjala H. Infection triples the cost of a
primary joint arthroplasty. Infect Dis (Auckl). 2019;51(5):348-55. https://doi.
0rg/10.1080/23744235.2019.1572219.

Sousa A, Carvalho A, Pereira C, Reis E, Santos AC, Abreu M, et al. Economic
impact of prosthetic joint infection - an evaluation within the Portuguese


https://doi.org/10.4055/cios20037
https://doi.org/10.4055/cios20037
https://doi.org/10.1016/j.jval.2013.02.002
https://doi.org/10.1016/j.jval.2013.02.002
https://doi.org/10.2165/11588380-000000000-00000
http://www.cochrane-handbook.org
https://icmphilly.com/
https://doi.org/10.5792/ksrr.17.095
https://doi.org/10.5792/ksrr.17.095
https://doi.org/10.1017/S0266462305050324
https://doi.org/10.1111/j.1365-2753.2008.01033.x
https://eppi.ioe.ac.uk/costconversion/default.aspx
https://doi.org/10.1097/00003086-199610000-00019
https://doi.org/10.1097/00003086-199610000-00019
https://doi.org/10.1016/j.arth.2013.11.006
https://doi.org/10.1007/s11999-009-0945-0
https://doi.org/10.1016/j.arth.2016.02.029
https://doi.org/10.1016/j.arth.2016.02.029
https://doi.org/10.3928/0147-7447-19990201-08
https://doi.org/10.1016/j.arth.2015.03.035
https://doi.org/10.1016/j.arth.2013.09.017
https://doi.org/10.1016/j.arth.2007.10.017
https://doi.org/10.1016/j.arth.2012.02.022
https://doi.org/10.1097/01.blo.0000214424.67453.9a
https://doi.org/10.1016/j.arth.2013.06.001
https://doi.org/10.1016/j.arth.2013.06.001
https://doi.org/10.1016/j.arth.2016.01.022
https://doi.org/10.1016/j.arth.2015.10.013
https://doi.org/10.1016/j.arth.2015.10.013
https://doi.org/10.1016/j.arth.2010.04.011
https://doi.org/10.1016/j.arth.2010.04.011
https://doi.org/10.1016/j.arth.2017.09.024
https://doi.org/10.1016/j.arth.2015.10.043
https://doi.org/10.1016/j.arth.2015.01.017
https://doi.org/10.1016/j.jiph.2015.12.014
https://doi.org/10.1016/j.jiph.2015.12.014
https://doi.org/10.1097/01.blo.0000214420.14088.76
https://doi.org/10.1590/s1413-86702010000400008
https://doi.org/10.26355/eurrev_201904_17496
https://doi.org/10.1100/2012/196515
https://doi.org/10.1100/2012/196515
https://doi.org/10.1155/2018/8987104
https://doi.org/10.1302/0301-620X.97B2.33707
https://doi.org/10.1302/0301-620X.97B2.33707
https://doi.org/10.1007/s00167-010-1074-8
https://doi.org/10.1080/23744235.2019.1572219
https://doi.org/10.1080/23744235.2019.1572219

Okafor et al. BMC Musculoskeletal Disorders

54.

55.

56.

57.

58.

59.

60.

(2021) 22:706

National Health System. J Bone Jt Infect. 2018;3(4):197-202. https://doi.org/1
0.7150/jbji.28508.

HCUP. Cost-to-Charge Ratio Files. 2018. https://www.hcup-us.ahrg.gov/db/
state/costtocharge jsp.

Adie S, Harris |, Chuan A, Lewis P, Naylor JM. Selecting and optimising
patients for total knee arthroplasty. Med J Aust. 2019;210(3):135-41. https//
doi.org/10.5694/mja2.12109.

Vertullo CJ, Graves SE, Peng Y, Lewis PL. An optimum prosthesis
combination of low-risk total knee arthroplasty options in all five primary
categories of design results in a 60% reduction in revision risk: a registry
analysis of 482,373 prostheses. Knee Surg Sports Traumatol Arthrosc. 2019;
27(5):1418-26. https;//doi.org/10.1007/500167-018-5115-z.

Geubbels ELPE, Groot AJM, van den Berg JMJ, de Boer AS. An operating
surveillance system of surgical-site infections in the Netherlands: results of
the PREZIES National Surveillance Network. Infect Control Hosp Epidemiol.
2000;21(5):311-8. https://doi.org/10.1086/501762.

Ferry T, Seng P, Mainard D, Jenny JY, Laurent F, Senneville E, et al. The
CRIOAC healthcare network in France: a nationwide health ministry program
to improve the management of bone and joint infection. Orthop Traumatol
Surg Res. 2019;105(1):185-90. https://doi.org/10.1016/j.0tsr.2018.09.016.
Troughton R, Birgand G, Johnson AP, Naylor N, Gharbi M, Aylin P, et al.
Mapping national surveillance of surgical site infections in England: needs
and priorities. J Hosp Infect. 2018;100(4):378-85. https://doi.org/10.1016/j.
jhin.2018.06.006.

Mathews JA, Kalson NS, Tarrant PM, Toms AD. Top ten research priorities for
problematic knee arthroplasty. Bone Joint J. 2020;102-B(9):1176-82. https.//
doi.org/10.1302/0301-620X.102B9.8JJ-2020-0203.R1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 14 of 14

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.7150/jbji.28508
https://doi.org/10.7150/jbji.28508
https://www.hcup-us.ahrq.gov/db/state/costtocharge.jsp
https://www.hcup-us.ahrq.gov/db/state/costtocharge.jsp
https://doi.org/10.5694/mja2.12109
https://doi.org/10.5694/mja2.12109
https://doi.org/10.1007/s00167-018-5115-z
https://doi.org/10.1086/501762
https://doi.org/10.1016/j.otsr.2018.09.016
https://doi.org/10.1016/j.jhin.2018.06.006
https://doi.org/10.1016/j.jhin.2018.06.006
https://doi.org/10.1302/0301-620X.102B9.BJJ-2020-0203.R1
https://doi.org/10.1302/0301-620X.102B9.BJJ-2020-0203.R1

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Protocol and registration
	Inclusion and exclusion criteria
	Information sources
	Search strategy
	Selection process
	Data collection process
	Data items, outcome, and prioritization
	Risk of bias and cost transparency within the studies
	Summary measures
	Data synthesis

	Results
	Study selection
	Studies characteristics
	Risk of bias and cost transparency of the included studies
	Cost of revision total knee replacement of the individual studies
	Major cost components of revision total knee replacement

	Discussion
	Conclusion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

