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Abstract
Background  A major limitation of total knee replacement (TKR), as with other joint replacements, is the risk of revision. 
Revision TKR is associated with high risk and economic burden to patients, healthcare providers, and societies. It will be 
worthwhile to assess the economic burden of revision TKR across countries or different study settings. This study aims to 
review the literature on the cost of revision TKR to assess costs across countries and studies, estimate a pooled cost estimate 
for homogenous data, and identify major cost components that contribute to the cost burden.
Methods  We will conduct a search of the MEDLINE (OvidSp), EMBASE, Web of Science, Cochrane Library, EconLit, 
and Google Scholar databases to identify relevant studies, and will use an optimally designed search approach to search for 
relevant studies. EndNote library will be used to manage the searched studies. Selection will be undertaken in two phases—
screening and eligibility. Study selection, data extraction, and assessment of the risk of bias will be performed in duplicate, 
after which the data will be analysed narratively and a meta-analysis performed for homogenous studies, if possible.
Discussion  This protocol provides a proposed stepwise plan for conducting a systematic review and meta-analysis of the cost 
of revision TKR. Findings from this systematic review will provide information about the cost across settings and identify 
the major cost drivers of revision TKR, which will, in turn, stimulate efforts to minimize the cost.
Systematic Review Registration  PROSPERO CRD42020171988.

1 � Background

One major limitation of total knee replacement (TKR), as 
with other joint replacements, is the risk of revision. Revi-
sion TKR is the reoperation of the TKR procedure due to 
surgical failure of the primary TKR [1], where some or all 
of the original prosthesis components are removed and/or 
replaced, or new components added. The major causes of 

revision TKR include infection, instability, aseptic loosen-
ing and pain [2]. Approximately 46% of revision cases occur 
in the early stage (within 2 years after the primary TKR), 
while 54% of revision cases occur 2 years after the primary 
TKR [3]. The revision rates across countries [2, 4–6], recent 
epidemiology, and review studies suggest a revision rate of 
2.1–9.7% internationally [7, 8].

Revision TKR is associated with higher risk and higher 
economic burden for patients, healthcare providers (HCPs) 
and societies compared with primary TKR [9]. The quality 
of life and survival rate of revision TKR remains much lower 
than primary TKR [10–12], and with a higher cost [13, 14]. 
Studies have also shown that revision due to infection costs 
more than any other cause of revision, such as aseptic loos-
ening [9, 14]. Patients and insurance organizations are faced 
with the challenge of paying for an unforeseen revision after 
the primary surgery. Due to the high economic burden, espe-
cially in infection-caused revision, some insurance schemes 
do not cover for the full cost of revision [9, 13], which leaves 
a huge burden on the patients or HCPs. Revision rates can 
be reduced by optimal patient selection, optimal surgical 
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technique, low-risk prosthesis selection and stringent infec-
tion prevention methods [15].

Several studies have evaluated the economic burden of 
revision TKR. In 2010, Oduwole et al. studied the cost of 
revision TKR to compare the cost difference between aseptic 
and septic cases of revision and to identify measures to pre-
vent an increase in revision costs [9], while in 2015, Kallala 
et al. compared revision TKR due to infection and other 
causes such as pain, aseptic loosening, instability and frac-
ture from an HCP perspective [14]. In 1996, Hebert et al. 
also compared the cost of revision due to infection and the 
cost due to primary TKR and aseptic causes of revision from 
an HCP perspective [13]. The economic burden of revision 
TKR varies across studies and countries. It will be impera-
tive to review how the economic burden of revision TKR 
varies across existing studies. It is important to review the 
studies’ characteristics and identify the major cost drivers 
to inform decisions for future revision TKR in terms of cost 
minimization. With some insurance schemes paying less 
than the actual cost of joint revision surgeries, especially in 
developed countries, cost minimization is important for the 
sustainability of future procedures [9, 13].

In this study, we propose to review the literature on the 
reported costs of revision TKR across regions or countries. 
The problem, intervention, comparator, outcome (PICO) 
model was used to formulate the research questions. The 
study intends to address the following questions:

1.	 What is the cost of revision TKR in different study 
settings or countries and the pooled cost estimate of 
homogenous studies?

2.	 Which cost components contribute significantly to the 
total cost?

2 � Methods

2.1 � Protocol and Registration

The design of this systematic review is in accordance with 
the recommendations of the Preferred Reporting Items for 
Systematic Review and Meta-Analysis Protocols (PRISMA-
P) 2015 statement [16] (details of the PRISMA-P checklist 
are provided in Online Resource 1). The protocol has been 
registered in the International Prospective Register of Sys-
tematic Reviews (PROSPERO; CRD42020171988).

To aid the development of this protocol, we performed a 
preliminary assessment of the literature using the PubMed 
and Google Scholar databases to identify the studies’ char-
acteristics and methodologies. This helped us to define our 
inclusion and exclusion criteria in the search.

2.2 � Eligibility Criteria

Studies to be included in this review must meet the follow-
ing criteria.

1.	 An original economic evaluation of data on revision 
TKR.

2.	 Studies must present cost data, either direct cost, indirect 
cost, or both.

3.	 Costs from a societal, patient, payer or HCP perspective.
4.	 Full-text articles and abstracts.
5.	 Studies on humans that are presented in the English lan-

guage.

Studies to be excluded in this review include the 
following.

1.	 Studies outside the scope of revision TKR.
2.	 Studies that are not original research, example reviews 

and commentaries, including opinion papers, conference 
proceedings and qualitative reports.

3.	 Cost is not specific for revision TKR or cost of TKR 
alone without revision cost and cost of readmission 
without revision. Costs on revision partial knee replace-
ment will also be excluded.

4.	 Studies with unclear methodology.

2.3 � Information Sources

The choice of databases to be employed was determined 
based on the recommendations of expert librarians [17] and 
after assessment of the health economic core library recom-
mendation by the US National Library of Medicine [18]. 
We will search the MEDLINE (OvidSp), EMBASE, Web 
of Science, Cochrane Library, EconLit, and Google Scholar 
databases to identify relevant studies.

2.4 � Search Strategy

The search will be performed in November 2020, and we 
will use an optimally designed search approach to search for 
relevant studies. Using MEDLINE (OvidSp), we will create 
concept clusters, with each concept cluster being created by 
combining a comprehensive set of related search terms. The 
search terms will be created by combining relevant related 
Medical Subject Heading (MeSH) terms or combining 
relevant text words (title, abstract and keywords). Related 
MeSH terms and text words (search terms) will be combined 
to form a union (concept cluster). For example, if A, B and 
C represent related search terms (related MeSH terms and 
text words), the union is formed as ‘A or B or C’. Several 
relevant concept clusters will be created, which will then 
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be combined to form an intersection cluster. For example, 
if X, Y and Z are concept clusters, they will be combined as 
‘X and Y and Z’. The results will then be reviewed by look-
ing at the MeSH terms and subheadings, titles and abstract 
to check if there are terms that could improve our search. 
For instance, we searched for ‘revision knee replacement’, 
which presented results with all headings and subheadings. 
We then searched for alternative text words, such as ‘knee’, 
‘knee revision’, ‘knee replacement’, and ‘revision arthro-
plasty’, appearing in the title, abstract, or keywords. For the 
Cochrane library, we will limit to “bone, joint and muscle 
trauma, musculoskeletal (MSK), pain palliative and sup-
portive care and injuries in Cochrane group”. This search 
strategy was developed by the research team. Details of 
the MEDLINE search is shown in Table 1. The MEDLINE 
search strategy will be adapted for searching in other data-
bases. Auto-alert systems will be set up to provide literature 
updates while the data extraction and analyses are ongoing. 
The auto-alert systems will be stopped 2 months after the 
data extraction.

2.5 � Study Records

2.5.1 � Data Management

Results of the search from different databases will be 
exported into a single EndNote library. Six groups will first 
be created to contain searches from different databases. 
EndNote will be used to de-duplicate the studies. After de-
duplication, we will initiate an auto-search for the full-text 
of the articles. A union group will be created to contain all 
the articles. From this union group, we will create differ-
ent subgroups to represent the exclusion criteria. Excluded 
studies will be exported to different exclusion folders based 
on the criteria for exclusion. A study that does not meet the 

inclusion criteria for multiple reasons will be exported to a 
relevant exclusion folder in the order of priority: ‘scope’, 
‘originality’, ‘cost analysis/economic evaluation’, ‘clarity’ 
and ‘language’.

2.6 � Selection Process

The selection process will be independently undertaken by 
two reviewers, according to the eligibility criteria. A third 
reviewer will have an overview of the selections made and 
will resolve any selection disagreement among the first 
two reviewers. The selection process will be performed in 
phases. We will first screen titles and abstracts of full-length 
articles or abstracts of original research articles that involve 
the cost of revision TKR. Next, we will assess the full-text 
of potential articles for eligibility, such as clarity, and the 
perspective of cost used in the study, i.e. whether societal, 
patient or payer, or HCP. We will also check for the compo-
nents of the direct and/or indirect cost used. Some relevant 
but excluded studies (after risk of bias and transparency 
assessment) in the data synthesis will be listed in a table 
captioned ‘Characteristics of excluded studies’. This will 
help us to categorize and summarize the studies that meet 
the inclusion criteria and provide reasons why some rel-
evant studies were excluded. In the eligibility phase, we will 
use the abstracts of journals where there is no institutional 
access to full-text and if an application for a subscription 
will take more than 1 month to complete. See Table 2 for 
more details on the selection process.

2.7 � Data Collection Process

We will pilot an electronic data extraction form. Two review-
ers will independently extract and manage the data from the 
included studies. Disagreement with the extraction results 

Table 1   Search strategy for 
MEDLINE (OvidSp)

ti title, ab abstract, kw key word, tw text word

1 Knee/or Knee Prosthesis/or Knee Joint/
2 Prosthesis-Related Infections/or Prosthesis Failure/or Periprosthetic Fractures/
3 (Revision knee replacement or revision knee arthroplasty). ti, ab, kw, tw
4 Knee revision. ti, ab, kw, tw
5 Reoperation. ti, ab, kw
6 1 or 2 or 3 or 4 or 5
7 Health Care Costs/or “Cost of Illness”/or Hospital Costs/
8 (Cost–Benefit Analysis or Cost-effectiveness Analysis or Cost-utility Analysis). ti, 

ab
9 (Economic Burden or Costs or Cost Analysis). ti, ab, kw, tw
10 7 or 8 or 9
11 6 and 10
12 Limit 11 to English language
13 Limit 12 to Humans
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from the two reviewers that cannot be resolved among them-
selves will be resolved by the third reviewer. The data will 
be selected based on the International Society for Pharma-
coeconomics and Outcome Research (ISPOR) Consoli-
dated Health Economic Evaluation Reporting Standards 
(CHEERS) guideline [19]. The Larg and Moss guideline 
for cost of illness will also be used in our data collection 
[20], and the Campbell and Cochrane Economics Methods 
Group (CCEGM) guideline will also be employed in our 
data extraction process [21].

2.8 � Data Items, Outcome and Prioritization

Data will be extracted based on the following:

(a)	 Publication: Title, authors, year, and setting or country 
in which the study was conducted.

(b)	 Study design: Randomized controlled trials, cohort 
studies, case–control studies, etc.

(c)	 Aim of the study, sample size, sex, and comorbidities 
(see Table 3 for details).

(d)	 Cost measure: Our primary cost measure will be direct 
and indirect costs, such as productivity loss, cost of 
reduced work efficiency or workdays lost. Secondary 
outcomes include cost differences between primary 
TKR and revision TKR, number of revisions and inci-
dence estimates.

The major cost drivers will be determined from the sub-
component costs extracted from each included study, as 
described in Table 3.

Table 2   Items on the article 
screening form Phase 1, screening Research article (yes/no)

Research on revision total knee replacement (yes/no)
Original research article (yes/no)
Health economic evaluation (yes/no)
Evaluation on revision knee replacement (yes/no)
Evaluation involves cost (yes/no)
Full-text/abstract presented in English language (yes/no)
All phase I screening criteria met (yes/no)

Phase 2, eligibility (if all phase 1 
screening criteria are met)

Costing method clear (yes/no)

Cost perspective (societal, patient/payer/health provider)
Components of the direct cost (intervention/laboratory test/service cost)
Others (specify)
Components of indirect cost (productivity loss/lost productive years/

transportation/unemployment)
Include article in the final data extraction (yes/no)
Any additional details about the article

Table 3   Items on the data collection form for the included studies

1 Author
2 Year of publication
3 Year of study
4 Research title and study objectives
5 Cause of revision
7 Comparator(s)
8 Study setting
9 Sample size
10 Patient characteristics (age, sex, etc.)
11 Study perspective
12 Time horizon
13 Discounting and price year, and currency
14 Type of economic evaluation
15 Study design
16 Cost components (direct or indirect)
17 Subcomponents of the cost (medications, laboratory, 

devices, surgical, productivity loss, transportation, service 
cost, etc.)

18 Cost estimation approach: bottom-up or top-down
19 Total cost
20 Comorbidity
21 Study assumptions
22 Sensitivity analysis
23 Conflict of interest
24 Funding declaration
25 Any other relevant details
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2.9 � Risk of Bias and Transparency in Individual 
Studies

Assessment of the risk of bias and transparency in individual 
studies will be performed at the outcome level. The Consen-
sus Health Economic Criteria (CHEC) checklist designed 
for conducting systematic reviews that are based on eco-
nomic evaluation will be used to assess the risk of bias in 
the individual studies [22]. This checklist has 19 reporting 
standards for economic model characteristics, identifica-
tion and valuation of costs and outcomes, discussion sec-
tion, and conclusions, as well as funding and conflicts of 
interest. We will also use the Larg and Moss guideline to 
check for bias in the studies [20]. The risk-of-bias tools did 
not provide thresholds to include or exclude studies for data 
synthesis. We will use a conservative classification system 
to ensure that only studies with good costing approaches are 
included in our analysis. We will classify studies as ‘low 
risk’ (0–10%), ‘low–moderate risk’ (11–20%), ‘high–moder-
ate risk’ (21–30%), or ‘high risk’ (> 30%) based on applica-
ble items for each study. Furthermore, we will evaluate the 
selected studies for transparency of cost estimates by using 
the criteria developed by Fukuda and Immanaka to classify 
the studies into transparency levels. The criteria consider the 
extent and clarity to which the cost components are reported, 
and the quantity and unit price of the resources reported in 
each study [23]. This transparency tool did not provide a 
threshold to include or exclude studies for data synthesis. 
Using its classification system, we will group studies into 
five levels and apply a conservative threshold to include 
studies for synthesis. The levels include ‘excellent’ (Aα), 
‘very good’ (Aβ, Bα, Bβ), ‘good’ (Bγ, Cα, Cβ, Cγ), ‘fair’ 
(Bδ, Cδ, Dβ, Dγ) and ‘poor’ (Dδ, Dε) transparency (see 
the Fukuda and Imanaka transparency tool for more details 
[23]). Studies with a high risk of bias (> 30%) and/or poor 
cost transparency (Dδ and Dε) will be excluded from the 
data synthesis. The checklists will be completed in duplicate 
by two members of the review team. Any differences will be 
resolved either with the third author or by review of other 
related referenced articles. Details of the risk-of-bias tools 
are shown in Online Resource 2 and Online Resource 3.

2.10 � Data Synthesis

After extracting relevant data from the selected studies, a 
descriptive overview and characteristics of the studies will 
be presented in a tabular format. Studies with a high risk 
of bias and/or poor level of transparency will be excluded 
in the data synthesis but will be presented in a table. Fur-
thermore, studies that presented cost as a health insurance 
reimbursement will be excluded because reimbursement 
costs do not represent the true costs of revision TKR and 
are often lower than the actual cost, but can sometimes be 

higher. Data synthesis and analysis will be performed in two 
phases. First, we will perform a narrative synthesis and sum-
mary of answers to our research questions. The result will 
be presented in a tabular format and a narrative summary. 
Descriptive statistical analysis may also be performed based 
on the information extracted.

Second, we will perform a quantitative synthesis of 
homogenous data if possible. Due to the expected heter-
ogeneity in the cost estimates of the studies, only studies 
including the ‘direct medical cost’ will be synthesized quan-
titatively based on the studies’ perspectives. There are com-
plexities and variations in reporting indirect costs, therefore 
studies that present indirect costs will be synthesized nar-
ratively (first phase of the data synthesis). In a case where a 
study reports both direct medical cost and indirect cost, the 
direct medical cost component will be included in the ‘direct 
medical cost’ group for synthesis. Furthermore, there are 
variations in the characteristics of aseptic and septic revision 
TKR. Thus, the ‘direct medical cost’ group will be further 
grouped into aseptic and septic subgroups and synthesized 
separately. Grouping of studies for quantitative synthesis 
will also depend on the income level of each country whose 
data were reported (low, middle or high income). We expect 
the cost year and currency to vary across studies. Using a 
web-based tool developed by the CCEMG and the Evidence 
for Policy and Practice Information and Coordinating Centre 
(EPPI-Centre), we will estimate all costs to 2019 US dol-
lars [24].

To quantify the effect of heterogeneity in each subgroup, 
a measure of the degree of inconsistency (I2), which rep-
resents the extent to which the studies are inconsistent, 
will be undertaken. This describes the percentage of total 
variation across studies that are due to heterogeneity rather 
than chance. The I2 is calculated as I2 = 100% × (Q – df)/Q, 
where Q is Cochran’s heterogeneity statistic and df is the 
degrees of freedom. Negative values of I2 will be represented 
as zero so that I2 lies between 0% and 100%. A value of 0% 
indicates no observed heterogeneity, while values above 50% 
will imply substantial heterogeneity [25]. A meta-analysis of 
studies in each subgroup in the ‘direct medical cost’ group 
will be performed to obtain the pooled cost estimate from 
the individual studies with similar characteristics based on 
the country’s income level and type of revision (aseptic or 
septic revision TKR). A forest plot will be used to visualize 
the extent of heterogeneity among studies. Since heteroge-
neity is expected in the cost estimates between the studies, 
we will adopt the random-effect model. The forest plot will 
show the individual study cost estimate with Clopper–Pear-
son confidence intervals (CIs) and the overall (combined) 
DerSimonian–Laird pooled estimate.

We will also perform a meta-bias assessment across the 
studies included in the meta-analysis, for each subgroup, 
to assess the possibility of outcome bias due to selective 
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reporting within the studies. Visual assessment will be 
undertaken using funnel plots of the mean cost to the 
standard error for each meta-analysis subgroup. A formal 
analysis will also be performed using Egger’s test. In cases 
where the Egger’s test shows a p value< 0.05, this implies 
a high heterogeneity level, therefore the meta-analysis of 
the subgroup(s) will not be reported. The analysis will be 
performed using StatsDirect (version 3) statistical software.

3 � Discussion

This protocol provides a proposed stepwise plan for con-
ducting a systematic review and meta-analysis of the cost of 
revision TKR. The research questions that will be answered 
in the Results section will be discussed in the Discussion 
section. The review will provide a narrative summary and a 
pooled estimate of the cost (for homogenous studies). It will 
also provide information about the studies’ characteristics 
and identify major cost drivers of revision TKR, along with 
possible recommendations to minimize the cost. Further-
more, this study may inform the decisions of future revision 
TKR procedures in terms of cost minimization.
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