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Abstract

BACKGROUND

Over the past years, patient specific instrumentation (PSI) for total knee arthro-
plasty (TKA) has been implemented and routinely used. No clear answer has been
given on its associated cost and cost-effectiveness when compared to conventional
instrumentation (CI) for TKA.

AIM
To compare the cost and cost-effectiveness of PSI TKA compared to CI TKA.

METHODS

A literature search was performed in healthcare, economical healthcare, and
medical databases (MEDLINE, EMBASE, CINAHL, Web of Science, Cochrane Li-
brary, EconLit). It was conducted in April 2021 and again in January 2022.
Relevant literature included randomised controlled trials, retrospective studies,
prospective studies, observational studies, and case control studies. All studies
were assessed on methodological quality. Relevant outcomes included incre-
mental cost-effectiveness ratio, quality-adjusted life years, total costs, imaging
costs, production costs, sterilization associated costs, surgery duration costs and
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readmission rate costs. All eligible studies were assessed for risk of bias. Meta-analysis was
performed for outcomes with sufficient data.

RESULTS

Thirty-two studies were included into the systematic review. Two were included in the meta-
analysis. 3994 PSI TKAs and 13267 CI TKAs were included in the sample size. The methodological
quality of the included studies, based on Consensus on Health Economic Criteria-scores and risk
of bias, ranged from average to good. PSI TKA costs less than CI TKA when considering mean
operating room time and its associated costs and tray sterilization per patient case. PSI TKA costs
more compared to CI TKA when considering imaging and production costs. Considering total
costs per patient case, PSI TKA is more expensive in comparison to CI TKA. Meta-analysis
comparing total costs for PSI TKA, and CI TKA showed a significant higher cost for PSI TKA.

CONCLUSION
Cost for PSI and CI TKA can differ when considering distinct aspects of their implementation.
Total costs per patient case are increased for PSI TKA when compared to CI TKA.

Key Words: Total knee arthroplasty; Patient specific instrumentation; Instrumentation for total knee arthro-
plasty; Cost-effectiveness; Systematic review

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Patient specific instrumentation (PSI) for total knee arthroplasty (TKA) has become a frequently
used technique for performing TKA. In the past decade the use of PSI TKA has not proven superior nor
inferior when compared to conventional instrumentation (CI) for TKA in terms of prosthetic alignment,
prosthetic survival, and patient satisfaction. However, PSI TKA has been associated with a higher
healthcare cost. In this review, we critically analysed the cost of PSI TKA compared to CI TKA, focusing
on all facets of their cost.
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INTRODUCTION

Total knee arthroplasty (TKA) has become a commonplace surgery worldwide. Indication for TKA is
disabling osteoarthritis which is often accompanied by pain, reduced range of motion and intra-articular
wear and tear[1]. New technology has emerged during the past decades to improve surgical techniques
and equipment. Among these developments, patient specific instrumentation (PSI) for TKA was
brought to the market, which could possibly prove superior to conventional instrumentation (CI) for
TKA in terms of outliers in alignment. PSI may be used as a drill guide for pin placement and/or as
cutting blocks to perform the femoral and tibial bony resections.

Numerous studies have been conducted on this subject with differing results[2-10]. For example,
femoral and tibial implant alignment precision has shown improved[6], declined[7] or not differing
when compared to CI TKA[2-5]. Decreased blood loss[4,8], shortened hospital stay[6], and reduced
operating time[3,6,8] have been reported more consistently when using PSI TKA compared to CI TKA.
These factors could be associated with decreased healthcare costs and an improved efficiency of patient
care. Additionally, no difference in patient reported outcome measures between PSI TKA and CI TKA
have been found in a 1-, 2-, 3- and 5-year follow-up study done by Schoenmakers et al[10]. Clinically, PSI
TKA has thus far not proved to be superior to CI TKA. However, some logistic improvements have been
suggested, which may lead to a decreased cost of surgery.

Studies on cost-effectiveness of PSI show mixed results[11,12]. The included outcomes of these
studies differ and thus do not allow for a concluding statement on the cost-effectiveness of PSI TKA.

The aim of this study was to systematically review literature about the cost-effectiveness of PSI for
TKA and perform a meta-analysis on the available data. Thereby, the aim was to provide an evidence-
based answer on the cost-effectiveness of PSI TKA compared to CI TKA.
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MATERIALS AND METHODS

Review and protocol

This systematic review was performed in accordance with PRISMA statement and in line with the five-
step approach for constructing a review on cost-effectiveness by Peer][13], Moher et al[14], Shamseer et
al[15], Van Mastrigt et al[16], Thielen et al[17], and Wijnen et al[18]. The following research question was
postulated:

Is PSI TKA cost-effective when compared to CI TKA when used for adults with disabling osteoart-
hritis of the knee? All included articles were examined on methodological quality. The protocol for this
systematic review and meta-analysis was registered in the PROSPERO database, in December 2021
(protocol number CRD42021269209)[19].

Search strategy and eligibility criteria

The following databases were systematically searched: OVID MEDLINE, EMBASE.com, CINAHL (via
EBSCO), The Cochrane Library and The Cochrane Central of register for Controlled Trials (CENTRAL)/
Wiley, Web of Science/Clarivate Analytics and Econlit. Additionally, ongoing unpublished trials were
identified on clinical trials.gov, the World Health Organization trial registry portal and PROSPERO.
Reference lists of all papers about cost effectiveness of PSI TKA and/or CI TKA have been searched
manually to ensure no papers were missed in the search. No search limitations were applied. The search
strategy was in accordance with the Cochrane Highly Sensitive Search Strategy[20].

Studies meeting the following criteria were included into the review: (1) TKA for disabling
osteoarthritis in adults; (2) PSI TKA and/or CI TKA; and (3) Cost-analysis and/or cost-effectiveness for
TKA. Articles that included patients undergoing TKA for any other reason than osteoarthritis were
excluded.

Study selection and data collection

All searched and eligible articles were independently reviewed by two reviewers (ID, LG) using
RefWorks[21]. The studies searched in the databases were de-duplicated and selected titles were
examined on titles and abstracts based on the eligibility criteria named above. Thereafter the reviewers
examined the full text independently and decided whether articles should be included or excluded.
Disagreement regarding the inclusion or exclusion was resolved by discussion between the reviewers
and if required a third reviewer (MS) was consulted. Once articles were included the two reviewers (ID,
LG) objectively and independently extracted data from the included articles. The reviewers were
blinded to each other’s extractions. The following data items were obtained during the extraction
process, if available: Study ID (author, year), number of patients (1), age of patients in years (mean),
number of female and male patients, country of study conduction, study design, length of hospital stay,
operation time, tray sterilization cost, PSI production cost, imaging cost, staff cost, hospital stay cost,
data on Quality-Adjusted Life Years (QALYs) and Incremental Cost-Effectiveness Ratio (ICER). Other
study results include length of hospital stay, operation duration, readmission rates and patient charac-
teristics and the costs tied to these.

All costs were converted to 2018 United States Dollars using a web-based tool. This tool was
developed by the Campbell and Cochrane Economics Methods Group and the Evidence for Policy and
Practice Information and Coordinating Centre (v.1.6, updated last April 2019)[22]. If studies reported an
index year, this year was used for conversion. This tool was able to adjust costs up to 2018. Studies
performed after 2018 were therefor indexed to 2018 despite them reporting later index years. If studies
did not specify an index year, it was set using the year in which the last patients were included. If this
was not applicable due to study design, year of study receival (in revised form) was used.

Quality assessment

Included studies were assessed by the two reviewers separately (ID, LG) for quality and risk of bias
(RoB). The assessment for RoB was performed using the Cochrane Risk of Bias Tool. For randomised
studies the RoB Tool 2.0 was used, for non-randomised studies the RoB-I Tool was used. Both tools were
retrieved from the Cochrane Handbook for Systematic Reviews of Interventions[23]. Evidence level of
the included articles has been determined using the level of Evidence Guidelines from the Oxford centre
for Evidence-Based Medicine[24].

To evaluate the methodological quality of economic evaluations the Consensus on Health Economic
Criteria (CHEC) list was used[25]. The CHEC-list scores range from 0 to 19 (0 being the lowest score and
19 being the highest).

Agreement on RoB, methodological quality and evidence level was reached through discussion
between the two reviewers (ID, LG) after separate and individual assessment was performed.

Statistical analysis and meta-analysis

Studies have been stratified by geographical location, year of conduction, study design, level of
evidence, RoB and CHEC scores. All costs, including QALYs and ICER values, have been adjusted for
inflation using a web-based tool by Campbell and Cochrane Economics Methods Group and the
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Evidence for Policy and Practice Information and Coordinating Centre (v.1.6, updated last April 2019)
[22]. Due to differing sourcing of costs and a variety of countries of study conduction, results were
expected to show heterogeneity. Results are therefore not presented as means. The reported costs are
presented in ranges.

Review Manager version 5.3 (2014) was used to perform a meta-analysis of the study data. For the
meta-analysis, a fixed effects model was used and relative risk was reported with a 95% confidence
interval (CI), which was used when there was similarity in included study execution. Mean difference
was selected as the effect measure. Results were statistically significant if P < 0.05. To quantify the
statistical heterogeneity in the studies, the I value was used. I? values of > 75% were interpreted as high
heterogeneity[26]. Only if studies were sufficiently clinically, methodologically, and statistically
homogenous, the data was pooled in a meta-analysis.

Data which could be included into the meta-analysis but was presented as ranges with a 95%CI were
converted to standard deviations.

RESULTS

Search results

An extensive overview of the search can be found in Supplementary Table 1. The first search was
conducted on April 26, 2021. The second and last search was conducted on January 24, 2022. The
systematic search of the databases resulted in 16454 studies. The manual search of the relevant reference
lists resulted in 6 additional examined studies. De-duplication was performed which resulted in a
remainder of 10366 studies. These were screened on titles and abstracts by the two independent
reviewers. Of these studies, 15 possible relevant titles had unavailable abstracts. They were sought for
retrieval by a clinical epidemiologist (MH). Six of these titles were not retrieved. Out of all screened
studies, 81 articles were eligible for full text analysis. After full-text analysis, 28 articles were included
into the study. Three more studies were included after reference-list analysis. A second search was
conducted with the exact search terms on January 24, 2022, to include any new literature. One
additional study was eligible for inclusion. This resulted in the inclusion of a total of 32 studies. A full
overview of the study selection procedure is shown in the PRISMA-flowchart in Figure 1. An overview
of the included studies is presented in Table 1.

Study traits
The characteristics and patient demographic of the 32 included studies are summarized in
Supplementary Table 2[11,12,27-56].

Of the included studies three were randomised controlled trials[27,38,44], twenty-one were
retrospective studies[11,12,28-31,33,34,36,37,40-43,46,49-52,56], seven were prospective studies[32,35,39,
45,47,48,55] and one was a theoretical cohort study[54]. Publication years ranged from 1998 to 2020. Of
the included studies sixteen were cost-effect analyses, fifteen were financial studies' and two studies
used financial decision models.

Eleven studies directly compared PSI TKA to CI TKA. Eight papers compared CI TKA to another
type of TKA (robot-assisted, unicondylar, single-use). Six papers only analysed CI TKA. Six papers
compared CI TKA to total hip arthroplasty. One single paper compared PSI TKA to CI TKA and single-
use instruments for TKA.

Twelve studies assessed costs from a societal perspective[12,32-35,37,39,43,46,53-55], all other studies
assessed costs from a hospital perspective. Studies obtained cost estimates by either using their own
hospital data set, diagnosis-related group codes, Medicare data (for studies conducted in the United
States) or other national cost databases.

The main outcome measure was QALYs for sixteen studies, TKA procedure related costs for eleven
studies, and surgical instrumentation and sterilization costs for five studies.

In all studies determining cost-effectiveness based on QALYs, quality of life before and after TKA
was determined using health-related quality of life (HRQoL) scores. Thirteen studies used the EQ-5D,
SF-6D, SF-12, SF-36, 15D HRQoL or WOMAC to determine QALY gain for TKA. Three other studies
determining QALY gain for TKA used a Markov model design.

The total sample size consisted of 19331 patients and 19360 performed TKAs. Of these, 3994 PSI TKAs
and 13267 were CI TKAs. All other 2099 TKAs were either unicondylar, computer-assisted, single-use or
robot-assisted TKAs.

Methodological quality of included studies

All three randomised studies had some concerns for RoB[27,38,44]. This was mainly caused by the
presence of randomization bias. Thirteen non-randomised studies were assessed, of which eleven had a
moderate risk of bias[11,31,36,41,42,48,49,51,52,55,56]. One single study showed a low risk of bias[40]
and one study showed serious risk of bias[34]. The main domains in which studies showed moderate
risk of bias were the possible presence of bias in measurement of outcome and bias in the selection of
participants. The 17 remaining studies could not be assessed for risk of bias as they did not compare two
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Table 1 Included articles and article attributes

Country of . ! Type of economic
Ref. v Study design Studied TKA types ypeo
conduction analysis
Attard et al[44], 2019 United Kingdom RCT PSI TKA vs CI TKA vs Single use  Financial study
inserts for TKA

Barrack et al[31], 2012 United States Retrospective PSI TKA vs CI TKA Financial study

Cotter et al[42], 2022 United States Retrospective CI TKA vs other' TKA Financial study

Dakin et al[43], 2012 United Kingdom Retrospective RCT-analysis CITKA Cost-effectiveness
analysis

Dakin et al[33], 2020 United Kingdom Retrospective CI TKA vs Total hip arthroplasty ~Cost-effectiveness
analysis

DeHaan et al[49], 2014 United States Retrospective PSI TKA vs CI Financial study

Elmallah et al[29], 2017 United States Retrospective comparative cohort ~ CI TKA vs Total hip arthroplasty ~Cost-effectiveness
analysis

Goldberg et al[30], 2019 United States Retrospective CI TKA vs other TKA Financial decision
model

Jenkins et al[32], 2013 United Kingdom Prospective CI TKA vs Total hip arthroplasty ~Cost-effectiveness
analysis

Konopka et al[37], 2018 United States Retrospective CITKA vs Total hip arthroplasty ~Cost-effectiveness
analysis

Krummenauer et al[35], 2009 Germany Prospective CITKA Cost-effectiveness
analysis

Lionberger et al[27], 2014 United States RCT PSI TKA vs CI TKA Financial study

Losina et al[46], 2009 United States Retrospective population analysis ~ CI TKA Cost-effectiveness
analysis

Moerenhout et al[36], 2021 Switzerland Case control, retrospective chart PSI TKA vs CI TKA Financial study

Mont et al[48], 2012 United States Prospective controlled trial CI TKA vs other TKA Financial study

Navarro Espigares and Hernandez ~ Spain Prospective cohort CI TKA vs Total hip arthroplasty ~Cost-effectiveness

Torres[47], 2008 analysis

Nunley et al[11], 2012 United States Retrospective PSI TKA vs CI TKA Financial study

Peersman et al[53], 2014 Belgium Retrospective CI TKA vs other TKA Cost-effectiveness
analysis

Résdnen et al[45], 2007 Finland Prospective CI TKA vs Total hip arthroplasty Cost-effectiveness
analysis

Rorabeck and Murray[50], 1996 Canada Retrospective CITKA Financial study

Schilling et al[28], 2017 Australia Retrospective CITKA Cost-effectiveness
analysis

Siegel et al[40], 2015 United States Retrospective CI TKA vs other TKA Financial study

Slover et al[54], 2006 United States Theoretical cohort CI TKA vs other TKA Cost-effectiveness
analysis

Slover et al[12], 2012 United States Retrospective PSI TKA vs CI TKA Financial decision
model

Stan et al[34], 2015 Romania Retrospective CI TKA vs other TKA Cost-effectiveness
analysis

Teeter et al[38], 2019 Canada RCT PSI TKA vs CI TKA Financial study

Thienpont et al[41], 2015 Belgium Retrospective PSI TKA vs CI TKA Financial study

Thomas et al[56], 2022 United States Retrospective PSI TKA vs CI TKA Financial study

Tibesku et al[51], 2013 Germany Retrospective PSI TKA vs CI TKA Financial study

Waimann et al[39], 2014 United States Prospective CITKA Cost-effectiveness
analysis

Watters et al[52], 2011 United States Retrospective PSI TKA vs CI TKA Financial study
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Xie et al[55], 2010 Singapore Non-randomized prospective CI TKA vs other TKA Cost-effectiveness
observational cohort analysis

Other type of total Knee arthroplasty (TKA) includes robot-assisted, unicondylar or single-use TKA.
PSI: Patient specific instrumentation; CI: Conventional instrumentation; TKA: Total knee arthroplasty; RCT: Randomised controlled trial.

{ Identification of studies via databases and registers J

Records identified through Database
searches:
EMBASE (7 = 5058)

Records removed before screening:

5 Duplicate records removed using
o 8
e Records marked as ineligible by
2 CINAHL (n = 1726) ) _
5 ) " automation tools (7 = 0)
= Web ?f Science (7 = 5693) Records removed for other reasons
Econlit (7 = 17) =0
Records identified through manual
seach: 6
Records screened Records excluded based on title and
(n = 10366) abstract (7 =10278)
Reports sought for retrieval Reports not retrieved
(n =15) (n=6)
Reports assessed for eligibility Reports excluded:
(n=181) Wrong type of economic analysis (7
=14)
Outcomes reported not of interest (»
=8)
Studies included in review Intervention reported not of interest
(n=28) (n=3)
Studies included after reference Full text not available (7 = 9)
list analysis (7 = 3) Wrong type of article (literature
Studies included after additional reviews, historical analyses) (7 = 19)
search on 24-01-2022 (n = 1)
Total included studies (7 = 32)

DOI: 10.5312/wjo.v14.i6.458 Copyright ©The Author(s) 2023.

Figure 1 PRISMA-flowchart of searches in databases and registers. This figure was generated using the PRISMA-diagram provided in the PRISMA
statement.

or more interventions or used an economical model without patient population (e.g. Markov-model) to
calculate cost-effectiveness|[12,25,26,28-30,32,33,35,37,39,43,45-47,50,53,54].

The three included randomised studies have an evidence level of II[27,38,44]. One single study, a case
control study, has a level of evidence of IV[36]. All other included studies have an evidence level of III
[11,25,26-30,31,32,34,37,39-43,45-55]. The level of evidence and RoB of the included studies have been
summarized in Supplementary Table 3.

Economic quality of the included studies according to the CHEC-score were moderate. CHEC-scores
ranged from 11 to 17, with an average of 14. CHEC-scores are not available for two of the included
studies (Rorabeck and Murray[50], Nunley et al[11])[11,50]. The scoring-system was not applicable for
studies in which no costing-models or mean costs were used and/or presented. Basis for lower CHEC-
scores was due to inappropriate study design for an economic analysis, a lack of incremental analysis of
costs and outcomes, a lack of sensitivity analysis of costs and outcomes, a lack of discounting of costs for
appropriate index years and a lack of analysis on ethical aspects of intervention costs. A summary of
CHEC scores per study can be found in Supplementary Table 4.
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Study results

Reported costs and inflation-adjusted costs, are summarized in Supplementary Table 5.

Imaging costs

Imaging costs were defined as all imaging needed for patients preoperatively. For CI TKA, this included
standard X-ray imaging of the affected knee. Imaging costs for CI TKA ranged from $52.51 to $901.48
[39,42,50,54]. Imaging for PSI TKA was defined as MRI-imaging needed to model the PSI. The reported
costs ranged from $226.79 to $13942.40[12,27,31,41,44,49,51]. A single study directly compared imaging
costs for PSI TKA and CI TKA[51]. The study reported an increased imaging cost of $12091 for PSI TKA.

PSI TKA production costs

PSI production costs were defined as the cost of producing the PSI model. Costs were reported to range
from $377.98 to $119.35 per model[12,31,44,49,51,52]. The types of PSI models used in the included
studies were the patient-specific cutting blocks from MyKnee (Medacta), KneePlan (Symbios),
Visionaire (Smith & Nephew’s) and Zimmer-Biomet's Signature knee system. For CI TKA, no additional
production costs were reported.

Sterilization costs

Sterilization costs were defined as the cost of sterilizing surgical instrument trays per surgical case.
Studies have reported a decrease in tray usage when TKA is performed using PSI. The amount of trays
needed for CI TKA in all studies ranged from 6 to 34 trays per patient case[41,48,51,52]. For PSI TKA the
amount of trays needed per patient case ranged from 1 to 5 trays[41,49,51,52].

A decrease of 4 trays per case have been reported in two studies when using PSI TKA[49,51]. A
decrease of 5 trays per case have been reported in two other studies when using PSI TKA[41,52]. Tray
sterilization costs ranged from $353.89 to $1533.32 per case for CI TKA[30,41,42,44,51,52]. For PSI TKA,
tray sterilization costs ranged from $67.60 to $495.50 per case[36,44,49,52]. In three studies costs of tray
sterilization between PSI TKA and CI TKA were directly compared. All three studies reported cost
decrease when using PSI TKA[44,51,52]. However, they do not report the amount of decrease in a
monetary value.

Operating room time and costs

Operating room (OR) time was defined as time from patients entering the OR to leaving the OR, patient
preparation time combined with surgery time, and time from the start of the patient case to the start of
the next patient case.

When using CI TKA, studies reported mean OR times that ranged from 63.10 + 38.02 min to 141.3 +
22.1 min[11,41,42,44,49,51,52]. When using PSI TKA, studies reported mean OR times that ranged from
58.10 £ 23.04 min to 148.2 £ 16.2 min.

Six studies directly compared mean OR time differences between CI and PSI TKA. One study
reported a prolonged mean OR time of 2 min, resulting in associated $1985 in costs when using PSI TKA
[41]. The remaining five studies reported a reduced mean OR time when using PSI TKA[40,44,49,51,52].
Time savings reported in these studies ranged from 5 min to 30 min when using PSI TKA.

Additionally, five studies reported the comparison of OR time and their associated costs between CI
TKA and PSI TKA. One study does not give exact OR times for CI or PSI TKA. They reported that PSI
TKA usage is associated with a mean OR time decrease of 11 min which translated to saving $226.54 per
patient case[31]. The three remaining studies observe a decrease in mean OR time when using PSI TKA
[49,51,52]. The decrease in mean OR time per patient case for PSI TKA was reported to be between 13

and 30 min[49,51,52]. The associated decrease in cost is respectively between $117.36 and $1416.38[49,51,
52].

Readmission rates
One study reports lower readmission rates when using PSI TKA compared to CI TKA[56]. Patients who

received a TKA using PSI had statistically significant (P < 0.05) lower readmission rates at 30 d (2.03% vs
2.92%), 60 d (2.65% vs 4.02%), 90 d (3.19% vs 4.62%), and at one year (6.46% vs 8.76%).

Total TKA costs

Total costs for TKA were defined as the sum of costs per patient case for OR time, inpatient stay, sterile
processing, surgeon cost, imaging costs, PSI production, TKA implant, and/or postoperative care.

Nine studies solely reported total costs for CI TKA[28-30,32,39,42,43,47,55]. The reported mean cost
for CI TKA ranged from $1391 to $29163.16 per patient case.

One study solely reported total cost for PSI TKA[27]. The reported mean cost for PSI TKA was
$12642.27 per patient case.

Four studies compared mean PSI TKA costs directly to mean CI TKA costs[38,51,52,56]. In three of the
comparing studies, PSI TKA was more costly than CI TKA[38,51,52]. In one study PSI TKA was less
costly than CI TKA[56].
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The first study found a mean costs per patient case of $9337.17 + 5446.83 for CI TKA compared to
$13352.33 + 10783.22 for PSI TKA[38]. The following studies found these mean costs per patient case to
be respectively; $8177.77 compared to $8264.76[51], $2989.46 compared to $3608.84[52], and $16379.17
(16182.84-16577.55) compared to $15246.19 (15067.24-15427.18)[56]. An overview of total TKA costs for
PSI and Cl is presented in Figure 2.

QALY gain

QALY gain was determined as the amount of QALYs gained in a certain number of years after TKA.
Seven studies reported data on this for CI TKA[28,29,34,35,37,45,46], no studies reported data on QALY
gain for PSI TKA. QALY gain was determined using the EQ-5D in three studies and the SF-12, SF-6D,
15D HRQol and SF-36 were used in the remaining four studies. QALY gain per year for CI TKA was
reported as; 0.77/1 year[28], 0.768/1 year[29], 2.6/1 year[34], 0.17/1 year[37], 0.359/1 year[45], 2.93/0.25
years[35] and 1/7.957 years[46].

Cost per QALY
Costs per QALY were determined in eight of the included studies. QALY outcomes were based on EQ-
5D in four studies[34,35,43,47], EQ-5D-3L in two studies[32,33], 15D HRQoL in one study[45] and a
Markov model in one other study[12].

One study compared PSI and CI TKA directly[12]. PSI TKA costs $4700/ QALY compared to $2900/
QALY for CI TKA. Costs per QALY gained determined for CI TKA ranged from $1275.84 per QALY to >
$20000 per QALY[32-35,43,45,47].

ICER per QALY

ICER per QALY was defined as the price per QALY gained for TKA. Four studies presented data on this
for CI TKA[29,46,53,55]. No studies presented this data for PSI TKA. ICER per QALY ranged from
$20090.25/ QALY to $76384.09/QALY.

Meta-analysis
A meta-analysis was performed using the data on total cost for PSI TKA and CI TKA. Two studies were
included into the meta-analysis[38,56]. Two other studies (Tibesku et al[51], Watters et al[52]) comparing
total cost for both techniques could not be included into the analysis due to lack of ranges or standard
deviation[51,52].

The forest plot is presented in Figure 3. Study heterogeneity was high, with an I* of 78% (P = 0.03).
The overall effect was in favour of CI TKA, with a significant mean difference of $1132.98 [850.00-
1383.32] 95%CI (P > 0.00001) less when compared to PSI TKA.

DISCUSSION

The goal of this systematic review was to assess the cost-effectiveness of PSI TKA compared to CI TKA.
Additionally, results were pooled into a meta-analysis. The study aimed to combine the most accurate
results available on this topic to produce a clear answer as to whether PSI TKA is a cost-effective
alternative to CI TKA.

The main conclusion is that there is a lack of literature on PSI TKA when it comes to data on QALYs
and ICER. Furthermore, data on costs of PSI TKA and CI TKA show heterogeneity. Due to this, no
definite conclusion can be drawn on the cost-effectiveness of PSI TKA when directly compared to CI
TKA. This systematic review has shown that PSI TKA costs less when considering OR time and tray
sterilization. PSI TKA costs are increased when considering imaging, production, and costs per total
patient case.

There was a large heterogeneity in costs due to differences in calculation methods of costs and patient
charges per study. Additionally, country of study conduction has an impact on prices. Furthermore,
differences in patient population (such as age, comorbidities, anatomic variance of knee joints) per study
could influence the cost outcome. In this systematic review costs were directly compared, but the
abovementioned factors should be considered when interpreting the outcome of these comparisons. For
example, studies performed in the United States often reported much higher costs than studies
performed in Europe.

A meta-analysis was performed, the results were heterogeneous and therefore did not provide
conclusive evidence. Furthermore, no meta-analysis could be performed on the QALY or ICER data as
no studies were found that directly compared these for PSI TKA and CI TKA. In the future, studies
should directly assess and directly compare cost-effectiveness using QALYs and ICER.

Multiple studies have investigated whether PSI TKA is superior to CI TKA when it comes to
prosthetic placement, peri- and post-operative outcomes. Schotanus et al[57] described that PSI TKA
was ready for primetime after performing a comparative study with CI TKA. The study compared four
different PSI TKA systems to CI TKA in a total of 117 knees. PSI TKA was showed to have a lower
number of significant outliers[57]. Predescu et al[58] performed a comparative study, where PSI and CI
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Figure 2 Scatter plot of total cost for patient specific instrumentation total knee arthroplasty and conventional instrumentation total knee
arthroplasty per study. Total costs for patient specific instrumentation (PSI) total knee arthroplasty (TKA) and conventional instrumentation (Cl) TKA per paper.
This figure present costs without variance. The figure shows the heterogeneity of total cost per patient case for PSI TKA and Cl TKA when compared in multiple
different studies. When directly compared PSI TKA costs more per patient case in three[38,51,52] out of four[56] studies. PSI: Patient specific instrumentation; TKA:
Total knee arthroplasty; Cl: Conventional instrumentation; USD: United States Dollars.

CI TKA PSI TKA Mean difference Mean difference
Study or Subgroup Mean [2018 USD ] SD [2018 USD] Total Mean [2018 USD] SD [2018 USD] Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Teeter 2019 9,337.17 5,446.83 25 13,352.33 10,783.22 25  0.3% -4015.16 [-8750.75, 720.43]
Thomas 2020 16,379.17 5,834.79 3358 15,246.19 5,320.84 3358 99.7%  1132.98 [865.90, 1400.06) —
Total (95% CI) 3383 3383 100.0% 1116.66 [850.00, 1383.32] ———
Heterogeneity: Chi? = 4.53, df = 1 (P = 0.03); I> = 78%

Test for overall effect: Z = 8.21 (P < 0.00001) -1000 -500 200 1000

Favours PSI TKA Favours Cl TKA
DOI: 10.5312/wjo.v14.i6.458 Copyright ©The Author(s) 2023.

Figure 3 Forrest plot of meta-analysis of total cost of patient specific instrumentation total knee arthroplasty compared to conventional
instrumentation total knee arthroplasty. PSI: Patient specific instrumentation; TKA: Total knee arthroplasty; Cl: Conventional instrumentation; USD: United
States Dollars. This figure has been generated using Review Manager version 5.3 (2014).
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TKA were compared in a population of 80 patients. They found that PSI TKA did not prove superior
however posed as an alternative for CI TKA or computer assisted TKA[58]. Furthermore, Sassoon ef al
[59] described in their systematic review that PSI TKA has not reliably demonstrated improvement of
postoperative limb or component alignment[59]. Despite this, PSI TKA has remained popular due to its
relatively easy production and especially its usefulness as an additional planning tool in anatomically
challenging cases. This systematic review shows that in most cases, more costs are associated with the
use of PSI TKA. The results of this review could be taken into consideration when making decisions on
whether and when to use PSI TKA.

One single study included into this systematic review determined additional costs for readmission
rates related to either PSI or CI use for TKA[55]. The results from this study showed that CI TKA was
associated with higher readmission rates, which is associated with increased costs of $6753 + 175[60].
Thus, more investigation into cost-effectiveness related to readmission rates could be useful for future
decision-making regarding instrumentation choices in general. This should also be reconsidered now
that robotics are being introduced for TKA at a rapid pace, which entails the additional necessary costs
[61].

Results from this systematic review were extracted from a variety of countries. As a result of this,
pricing may vary for developing countries or countries with different types of health care pricing
systems.

In regards to study quality, multiple studies received sponsoring or funding through prosthetic and/
or orthopaedic manufacturers[28,30,33,41,42,46,50]. Minimal influence on the results is expected due to
these sponsorships since not all authors were associated with the sponsorships, nor did they receive any
payment for the conducted study. Additionally, variety in definition of utilities per study should be
considered as pricing may not be based on the exact same parameters per case. Therefore, not all costs in
this systematic review should be considered as directly comparable to any or every country. However,
these costs are an indication of true cost of PSI and CI TKA worldwide.
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This systematic review provided a detailed overview of relevant literature on costs and cost-effect-
iveness of PSI compared to CI TKA. Systematic reviews on PSI TKA which investigate facets of its costs,
such as tray sterilization, are available[59]. However, this systematic review aimed to present relevant
literature on all facets of costs associated with PSI TKA and CI TKA.

The strength of this systematic review is its methodological quality. It was executed in accordance
with the five-step approach for constructing a review on cost-effect by Van Mastrigt et al[16] and the
PRISMA statement[13-18]. Furthermore, a large patient population and all the attributed costs for CI
and PSI TKA were analysed.

Its limitation is, however, the possibility of biased results due to exclusion of non-full texts.

CONCLUSION

This study showed that costs for PSI TKA and CI TKA can differ when considering different aspects of
their implementation in a hospital setting. A comprehensive overview of the contributing components
to the pricing of CI and PSI TKA is provided. When considering total costs, PSI TKA is more costly
when directly compared to CI TKA.

ARTICLE HIGHLIGHTS

Research background

Over the years, extensive research into the clinical outcomes of patient specific instrumentation (PSI) for
total knee arthroplasty (TKA) compared to conventional instrumentation (CI) for TKA have been
performed. Clinically, the instrumentation techniques are considered equal. However, decreased
operating time and sterilization tray usage have been reported when using PSI TKA. These factors could
influence the healthcare cost.

Research motivation

Multiple studies into the cost and cost-effectiveness of PSI and CI TKA have been performed since its
introduction. Most studies consider specific aspects of their costs, such as: Additional imaging costs, PSI
production costs, operating time costs, and tray sterilization costs. Furthermore, studies on Quality
Adjusted Life Years (QALY) and Incremental Cost Effectiveness Ratio (ICER) for PSI and CI TKA have
been performed. Despite the abundance of research, no clear overview or comparison has been
presented. The motivation for this systematic review was to give a clear overview of the cost and cost-
effectiveness of PSI TKA compared to CI TKA.

Research objectives

The objective of this research was to present the different aspects of cost of PSI TKA and CI TKA.
Furthermore, cost-effectiveness was investigated. By doing this, the secondary objective was to advise
orthopaedic surgeons in their decision making when choosing either PSI TKA or CI TKA.

Research methods

A systematic literature search was performed in healthcare, economical healthcare, and medical
databases (MEDLINE, EMBASE, CINAHL, Web of Science, Cochrane Library, EconLit). Relevant
literature included randomised controlled trials, retrospective studies, prospective studies, observa-
tional studies, and case control studies. Data extraction was performed to obtain the following results:
ICER, QALYs, total costs, imaging costs, production costs, sterilization associated costs, surgery
duration associated costs and readmission rates and associated costs. Meta-analysis was performed for
outcomes with sufficient data.

Research results

Thirty-two studies were included into the systematic review. Two were included in the meta-analysis.
3994 PSI TKAs and 13267 CI TKAs were included in the sample size. We found that when considering
mean OR time and its associated costs and tray sterilization per patient case, PSI TKA costs less than CI
TKA. PSI TKA is more costly compared to CI TKA when considering imaging and production costs.
Considering total costs per patient case, PSI TKA is more expensive in comparison to CI TKA. Meta-
analysis comparing total costs for PSI TKA, and CI TKA showed a significant higher cost for PSI TKA.

Research conclusions

This study showed that costs for PSI TKA and CI TKA can differ when considering different aspects of
their implementation. When directly comparing PSI and CI TKA, results showed that total costs per
patient case are more for PSI TKA.
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Research perspectives

Based on the results presented, we recommend orthopaedic surgeons worldwide make careful decisions
when deciding on which instrumentation technique to use for TKA. In anatomically challenging cases
PSl is a helpful planning modality for TKA. However, this systematic review showed that the total cost
of its implementation is higher per patient case. Surgeons are advised to take the cost-effectiveness and
total cost into consideration.
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