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Background: The economic burden of musculoskeletal diseases is substantial and growing. Economic evaluations compare
costs and health benefits of interventions simultaneously to help inform value-based care; thus, it is crucial to ensure that studies
are using appropriate methodology to provide valid evidence on the cost-effectiveness of interventions. This is particularly the
case in orthopaedic sports medicine, where several interventions of varying costs are available to treat common hip and knee
conditions.

Purpose: To summarize and evaluate the quality of economic evaluations in orthopaedic sports medicine for knee and hip
interventions and identify areas for quality improvement.

Study Design: Systematic review; Level of evidence, 3.

Methods: The Medline, AMED, OVID Health Star, and EMBASE databases were searched from inception to March 1, 2020, to
identify economic evaluations that compared �2 interventions for hip and/or knee conditions in orthopaedic sports medicine. We
assessed the quality of full economic evaluations using the Quality of Health Economic Studies (QHES) tool, which consists of 16
questions for a total score of 100. We classified studies into quartiles based on QHES score (extremely poor quality to high quality)
and we evaluated the frequency of studies that addressed each of the 16 QHES questions.

Results: A total of 93 studies were included in the systematic review. There were 41 (44%) cost analyses, of which 21 (51%)
inappropriately concluded interventions were cost-effective. Only 52 (56%) of the included studies were full economic evaluations,
although 40 of these (77%) fell in the high-quality quartile. The mean QHES score was 83.2 ± 19. Authors consistently addressed 12
of the QHES questions; questions that were missed or unclear were related to statistical uncertainty, appropriateness of costing
methodology, and discussion of potential biases. The most frequently missed question was whether the cost perspective of the
analysis was stated and justified.

Conclusion: The number of studies in orthopaedic sports medicine is small, despite their overall good quality. Yet, there are still
many highly cited studies based on low-quality or partial economic evaluations that are being used to influence clinical decision-
making. Investigators should follow international health economic guidelines for study design and critical appraisal of studies to
further improve quality.
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Musculoskeletal diseases account for approximately 30% of
the global burden of disease in adults,8 which poses an
increasingly heavy economic burden on health care systems,
particularly among an aging population. Orthopaedic sports
medicine is a growing area of interest in health care, which
includes interventions for acute soft tissue and ligamentous
injuries; degenerative conditions including osteoarthritis;
chronic pain; and other joint impairments. The hip and knee

are the most commonly affected joints for these condi-
tions.19,31,110 Often, surgical interventions in this field are
considered elective with substantial associated costs that
continue to increase with further advancements in technol-
ogy. Comparatively, nonoperative treatments can heavily
drive direct health care costs through repeated intervention
periods with health benefits that are often transient in
nature. Nonoperative treatments can also lead to substan-
tial indirect costs through work absenteeism or the loss of
productive output for the economy. It is therefore crucial to
identify treatments in orthopaedic sports medicine that pro-
vide our best value for care.
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Economic evaluations can help policy makers decide
on appropriate allocation of health resources. They provide
a framework for comparing clinical effect and cost concur-
rently between competing interventions to assess the best
value for scarce health care dollars, especially in public
health care systems.26 Health care delivery cost has become
an important focus for health care policy and resource allo-
cation in many countries,9,91 with health economics
research becoming increasingly vital to help in the
decision-making process. This is particularly true in the
field of orthopaedic sports medicine. It is therefore essential
to evaluate the quality of the methodology for these studies
to ensure valid study conclusions.

A systematic review published in 2015 assessed the qual-
ity of economic evaluations in orthopaedic sports medi-
cine77 and found that although the quality of included
studies was generally good, a small number of studies
(n ¼ 12) were evaluated. The systematic review study
focused on full economic evaluations that evaluated only
surgical interventions published in the United States.
Since then, across the globe, several more health economic
evaluations have been published in the field, particularly
regarding interventions related to the hip and knee joints.
We believe it is important to systematically assess economic
evaluations internationally and include all hip and knee
interventions to get a comprehensive understanding of the
current literature.

To be considered a full economic evaluation, a study must
include both cost and a health outcome in the analysis and
compare 2 or more treatment alternatives.26 Several meth-
ods of full economic evaluation exist (Table 1). Importantly,
a study designed as a full economic evaluation is required to
make informed decisions on best value for care. To the best
of our knowledge, no studies have yet explored the quality
of economic evaluations internationally for all hip and knee
interventions in the orthopaedic sports medicine literature.

Therefore, the aim of this study was to conduct a system-
atic review to (1) evaluate and summarize reporting of
results in the orthopaedic sports medicine literature on
cost-effectiveness for knee and hip interventions, (2) assess
the quality of published full economic evaluations using the
Quality of Health Economic Studies (QHES) tool, and (3)
identify areas in which study quality improvement is
required. We hypothesized that several studies do not meet
the criteria for a full economic evaluation and that specific
methodological components need to be improved for overall
better study quality and interpretation of results by
clinicians.

METHODS

Eligibility Criteria

To meet eligibility criteria, studies needed to compare
2 or more interventions, evaluate hip and/or knee inter-
ventions that were nonarthroplasty or trauma-related,
and report a cost outcome. Included were studies evalu-
ating surgical, nonpharmacological, and pharmacological
interventions in orthopaedic sports medicine (eg, anterior
cruciate ligament reconstruction, arthroscopy, physical
therapy, diet and exercise, pharmacotherapy, etc).

TABLE 1
Types of Economic Evaluationa

Type Description

Full economic evaluation
Cost-effectiveness analysis Evaluates 2þ interventions by

simultaneously comparing the
cost and a health outcome
measured in natural units,
specific to the disease being
studied (eg, survival or adverse
events).

Cost-utility analysis Evaluates 2þ interventions by
simultaneously comparing the
cost and a health outcome
measured through a utility score
where years of life are adjusted
for health-related quality of life
(eg, quality-adjusted life year).

Cost-benefit analysis Evaluates 2þ interventions by
comparing the cost and a health
outcome measured in monetary
units (eg, assigning a dollar
value to health status).

Cost-minimization Evaluates 2þ interventions by
comparing the cost and a health
outcome, where the analysis
finds no difference in health
outcome, and therefore only the
difference in cost is reported.

Partial economic evaluation
Cost analysis Evaluates 2þ interventions by

comparing the cost only between
2þ interventions (ie, no health
outcome in the analysis).

aCosts for all design types are measured in monetary units.
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Search Strategy

A literature search was performed using 4 OVID databases
including Medline, AMED, OVID Health Star, and
EMBASE from inception to March 1, 2020, to identify stud-
ies published in English encompassing combined and/or
truncated key terms including cost, cost-effectiveness,
cost-benefit, cost-minimization, cost-utility, economic, or
economic evaluation as well as hip or knee.

Abstract and Full-Text Screening

Studies were divided among 3 reviewer groups (C.A.P.
and B.O.Z., L.E.S. and J.D.M.) to independently screen
titles and abstracts for studies identified in the literature
search. Reviewers determined whether each study
should be included for full-text review or excluded based
on the eligibility criteria. Duplicate papers, conference
abstracts, and study protocols were removed from the
list. We also manually searched the bibliographies of
systematic reviews for other potentially relevant studies
that met the eligibility criteria. The full-text article for
all eligible studies was retrieved, and we further exam-
ined each full text to determine whether it still
met eligibility criteria. We then divided papers among
2 reviewer pairs (C.A.P. and B.O.Z., I.J. and J.D.M.) to
determine eligibility and conduct a full-text review for
those that met the criteria.

Data Abstraction

All reviewers used a custom form to extract data from the
full text of included studies. The data extraction form
included the following: (1) year of publication; (2) type of
economic evaluation (ie, cost analysis, cost-effectiveness
analysis, cost-utility analysis, cost-minimization analysis,
or more than 1 category); (3) study design (ie, trial- or
model-based); (4) trial design (ie, randomized trial, prospec-
tive cohort, retrospective cohort, etc) for trial-based studies;
(5) model design (ie, decision tree, Markov model, or other)
for model-based designs; (6) study interventions; (7) health
condition; (8) country; (9) the summary measure reported
(incremental cost-effectiveness ratio [ICER] or incremental
cost-utility ratio [ICUR]) or incremental net benefit (INB);
(10) whether authors reported uncertainty using 95% CIs,
bootstrapping, a cost-effectiveness plane, or a cost-
effectiveness acceptability curve; (11) whether sensitivity
analyses were performed; and (12) the perspective of the
analysis (ie, patient, hospital, payer, societal, or more than
1 category). Reviewer pairs (C.A.P. and B.O.Z., I.J. and
J.D.M.) met after completing full-text reviews to discuss
the extracted data and resolve any conflicts between
reviewers. If consensus was not met between the reviewer
pair, we had a third reviewer (from the other reviewer pair)
resolve any discrepancies.

Assessment of Quality of Studies

The quality of each full economic evaluation study was eval-
uated using the QHES tool (see Supplemental Table 1,

available online).14,79 The QHES is a validated and reliable
quantitative measurement tool designed to evaluate the
methodology, validity, and transparency of health eco-
nomic evaluations.14,79 The tool is composed of 16 binary
questions (ie, answered yes or no) that evaluate several
important elements required for a high-quality health eco-
nomic evaluation (Supplemental Table 1, available
online). Each question has an assigned score value rang-
ing from 1 to 9,14,79 where questions answered “yes”
receive the full point value. Questions answered “no”
receive no points. The question scores are summed to
obtain a final summary score ranging from 0 to 100 points,
where higher scores represent higher quality.

Previous studies have recommended the QHES should
be assessed by at least 2 reviewers and that a clear defi-
nition for each question needs to be established and made
available to all reviewers before scoring studies.36 There-
fore, the same reviewer pair that completed data abstrac-
tion independently assessed the quality of each included
study using the QHES tool. We used the criteria set by
Marshall et al68 to supplement the scoring of each of the
16 questions, with slight modifications and clarifications
(Supplemental Table 2, available online). To ensure ques-
tions were being interpreted consistently among
reviewers, we pilot tested 5 of the studies before complet-
ing all QHES evaluations. Once all studies were assessed
using the QHES, the reviewer pairs met to discuss any
discrepancies. Any conflicts were resolved through the
third reviewer.

Interrater Agreement

We assessed the agreement between reviewer pairs for
abstract screening by using the Cohen kappa statistic,
where 0.81 to 0.99 indicates an almost perfect agreement,
0.61 to 0.80 indicates substantial agreement, 0.41 to 0.60
indicates moderate agreement, 0.21 to 0.40 indicates fair
agreement, 0.01 to 0.20 indicates slight agreement, and
<0.01 indicates less than chance agreement.109 We also
reported the agreement between reviewer pairs for each
of the 16 questions of the QHES by calculating the percent-
age of observed agreements for each of the 16 questions
(ie, percentage agreed “yes” that a question was addressed
or agreed “no” it was not addressed).

Descriptive Analysis

The following descriptive analyses were conducted to sum-
marize findings: (1) the frequency (with percentage) of
studies by design characteristics, study population, and
year of publication; (2) the mean (with standard deviation)
QHES score of all studies; (3) the mean QHES score by
publication year, geographical location, and intervention
studied; and (4) the frequency (with percentage) of studies
that addressed each of the 16 questions of the QHES. Stud-
ies were also classified into 1 of 4 quartiles based on the
QHES total score: high quality (75-100); fair (50-74); poor
(25-49); or extremely poor (0-24).100

The Orthopaedic Journal of Sports Medicine Economic Evaluation Quality for Sports Medicine 3



RESULTS

Studies Overview

A flowchart outlining the stages for study screening are
shown in Figure 1. We identified 152 studies that initially
met the inclusion criteria and were considered for full-text
review. After reviewing full-text articles, we found that
61 studies did not meet eligibility criteria and were there-
fore excluded. We identified 2 additional articles from other
systematic reviews. Therefore, 93 studies# that met the
inclusion criteria were included in the systematic review
(Figure 1). An overall summary of the included studies

(N ¼ 93) is provided in Table 2 as well as subdivision for
full economic evaluations only (n ¼ 52).

Notably, 21 (51%) of the 41 partial economic evaluation
studies (ie, cost analyses) claimed that the treatments were
cost-effective even though they did not carry out a full eco-
nomic evaluation. The studies included for this review were
published between 1982 and 2019, and the overall frequency
of studies published increased over time (Figure 2). When
dividing by type of economic evaluation, the frequency of
partial economic evaluations increased until the years
2000 to 2004 and then decreased while the frequency of full
economic evaluations increased over time (Figure 2). Indi-
vidual study summaries are also provided in Supplemental
Table 3 and Supplemental Table 4 (available online).

Interventions Studied

Studies evaluated surgical interventions in 41 studies
(44%), pharmacological and injection interventions in
22 studies (23%), rehabilitation and/or lifestyle interven-
tions in 21 studies (23%), and surgical interventions com-
pared to nonoperative management in 9 studies (10%).

Of all studies, 83 (89%) evaluated interventions for con-
ditions related to the knee, while 8 (9%) were for the hip
and/or knee and 2 (2%) were solely for the hip. The inter-
ventions evaluated were for the treatment of knee osteoar-
thritis (OA) (n ¼ 31; 33%), anterior cruciate ligament
injury/rupture (n ¼ 18; 19%), hip and/or knee OA (n ¼ 7;
8%), generalized knee pain (n ¼ 7; 8%), cartilage lesions
(n ¼ 6; 6%), or meniscal injury/tear (n ¼ 4; 4%). There were
also 15 studies (16%) that evaluated arthroscopic interven-
tions where the underlying health condition was not spec-
ified. The remaining 5 studies evaluated interventions
related to femoroacetabular impingement, hip OA, gener-
alized acute knee injuries, posterior cruciate ligament
injury, and rheumatoid arthritis (localized to the knee).

Interrater Agreement

Interrater agreement was high for title and abstract
screening (k ¼ 0.81, 0.76, and 0.63 for each of the pairings),
indicating substantial to almost perfect agreement between
each of the 3 reviewer pairs.109 The mean interrater agree-
ment across all 16 questions of the QHES for the quality
assessment of full economic evaluations was high for both
reviewer pairs (92% and 95%, respectively). Generally,
raters showed strong agreement for 14 of the QHES ques-
tions (Q1-5, Q7, and Q9-16) in both reviewer pairs (ie,
agreement � 80%) (Table 3).

Quality of Included Studies

Overall, 52 full economic evaluations were assessed for
quality. The mean QHES score of the identified studies was
83.2 ± 19 (range, 35-100), which is considered high quality
according to the QHES quartiles.100 Most studies (77%)
were considered high quality (QHES 75-100), while 15%
were considered fair (QHES 50-74) and 8% were considered
poor (QHES 25-49) (Figure 3). Study quality did not show a
visible trend over time (Figure 4). Individual QHES scores

TABLE 2
Summary of Included Studies Overall (N ¼ 93) and By
Those Considered Full Economic Evaluations (n ¼ 52)a

Overall
(N ¼ 93)

Full Economic
Evaluations (n ¼ 52)

Type of economic evaluation
Partial 41 (44)
Full 52 (56)
Cost-utility analysis 36 (69)
Cost-effectiveness analysis 13 (25)
Cost-benefit analysis 0 (0)
Cost-minimization
analysis

0 (0)

Cost-utility and cost-
effectiveness analyses

2 (4)

Cost-utility and cost-
benefit analyses

1 (2)

Study design
Model-based
Decision tree 10 (11) 10 (19)
Markov model 14 (15) 13 (25)
Unclear 2 (2) 1 (2)
Trial-based
Randomized controlled
trial

37 (40) 19 (37)

Prospective 10 (11) 4 (8)
Retrospective 18 (19) 4 (8)
Otherb 2 (2) 1 (2)

Uncertaintyc

Yes 30 (32) 26 (50)
No 63 (68) 26 (50)

Sensitivity analysisd

Yes 38 (41) 33 (63)
No 55 (59) 19 (37)

aData are reported as n (%).
bOther study designs included a quasi-experimental design or a

combination of prospective and retrospective components.
cYes ¼ study quantified statistical uncertainty of their esti-

mates using 95% CIs, bootstrapping, a cost-effectiveness plane,
and/or a cost-effectiveness acceptability curve.

dYes ¼ study conducted sensitivity analyses using a 1-way,
multiway, and/or probabilistic approach to account for parameter
uncertainty.

#References 1-7, 10-13, 15-18, 20, 21, 23-25, 27-30, 32-34, 35, 37-42,
44-67, 69-74, 76, 78, 80-82, 84, 85, 88-90, 92-99, 102-108, 111-114.
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for each study are provided in Supplemental Table 5 (avail-
able online).

When separated by geographical location, studies con-
ducted in Canada, the United States, and the United King-
dom were generally considered high quality, while studies

conducted in European countries (Belgium, France, Ger-
many, Italy, the Netherlands, Norway, Slovenia, and
Spain) were considered fair (Figure 5).

When separated by interventions studied, studies evaluat-
ing surgical interventions (12 studies; 23%), pharmacological
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Figure 2. The frequency of economic evaluations relating to sports medicine (N ¼ 93) published in English over time (ie, years).
Studies are separated by type of economic evaluation, with partial economic evaluations (n ¼ 41) presented in pink and full
economic evaluations (n ¼ 52) presented in purple. The bar labels represent the number of studies for each year interval.
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and injection (17 studies; 33%), and rehabilitation and/or
lifestyle interventions (15 studies; 29%) were considered high
quality, while studies evaluating surgical interventions ver-
sus nonoperative management (8 studies; 15%) were consid-
ered fair (Figure 6).

Frequency of QHES Questions Addressed

For all included studies, 12 questions from the QHES tool
(Q1, Q3, Q4, Q6-Q8, Q10-Q13, Q15, Q16) were frequently
addressed (ie, >80%) (Figure 7). By comparison, questions
that were addressed less frequently were related to
whether studies considered uncertainty (Q5), the appropri-
ateness of costing methodology (Q9), and discussion of
potential biases (Q14). The question that was addressed the
least was Q2 related to whether the perspective of the anal-
ysis was stated and justified.

DISCUSSION

In this review, we summarized the quality of health eco-
nomic studies in orthopaedic sports medicine. There were
93 economic evaluations published since 1982 in the field,
approximately half of which (41 studies, 44%) did not com-
plete a full economic evaluation. Importantly, over half (21
of 41 studies, 51%) of these studies inappropriately con-
cluded that the treatments were cost-effective even though
they did not carry out a full economic evaluation. This is
particularly problematic as these studies are often highly
cited and used in decision-making for clinical practice,
despite potentially misleading study conclusions.

International health economic guidelines recommend
clinical and policy decisions be made based on results pro-
vided from full economic evaluations that consider both the
effect and cost of interventions simultaneously.9,75,91 While
our results showed an increasing number of full economic
evaluations conducted over the past 16 years (Figure 2), the
number of published studies in orthopaedic sports medicine
remains small. We highlight the importance of conducting
more health economic research of high quality in the field to
help guide clinical decision-making and policy decisions.
Specifically, few studies evaluated interventions for either

TABLE 3
Interrater Agreement Between 2 Reviewer Pairs in 52

Studies Evaluating Cost-Effectiveness of Interventions in
Orthopaedic Sports Medicine Using the Quality of Health

Economics Studies (QHES) Tool

% Agreement

Question Focus
Reviewer

Pair 1
Reviewer

Pair 2

1 Clear objective 94 100
2 Stated perspective 82 89
3 Best available data source 97 95
4 Subgroups prespecified 100 100
5 Consideration of uncertainty 94 100
6 Incremental analysis performed

(ie, cost-effectiveness ratios)
85 74

7 Methodology for data
abstraction

85 100

8 Appropriate time horizon and
discounting

79 95

9 Appropriate costing
methodology

85 89

10 Primary outcome 97 95
11 Validity/reliability of outcome

measure(s)
94 100

12 Description of model 88 89
13 Appropriate model 97 100
14 Potential bias(es) 94 100
15 Justification of conclusion 97 95
16 Funding statement 94 100

3 1 4 3 5
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Figure 3. The Quality of Health Economics (QHES) total score for all studies (n ¼ 52) by point decile.
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the hip or knee joints (9%), and even fewer (2%) evaluated
interventions targeted at treating diseases of the hip joint
alone.

Despite the smaller study volume, the quality of pub-
lished full economic evaluations (n ¼ 52) was generally
high,100 with a mean total QHES score of 83.2 ± 19. No
observable trend for change in quality was observed over
time (Figure 4), but studies conducted in Canada, the
United States, or the United Kingdom (69% of studies) were
generally of high quality (Figure 5), suggesting methodolo-
gies for economic evaluation are likely well-developed in
these countries. Most studied intervention types were high
quality, on average; however, studies that compared surgi-
cal with nonoperative interventions were considered fair
(Figure 6).

Nwachukwu et al77 also performed a systematic review
of full health economic evaluations in orthopaedic sports
medicine; however, the authors included only US-based
studies and those that conducted full economic evalua-
tions. Their review identified 12 studies that met the
inclusion criteria and reported a mean score of 81.8 on the
QHES, in line with our study results. Furthermore, when
we looked solely at the US studies from our review (n ¼
22), the mean QHES score rises to 88 ± 17 with studies
published since the review by Nwachukwu et al all scoring
above 90. These results are encouraging, as they suggest
the overall quality of economic evaluations may be improv-
ing in the United States, despite our results not showing a
trend for improvement over time internationally (Figure
4). When compared with other fields of health care, the
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Figure 4. The Quality of Health Economics (QHES) total score for all studies (n ¼ 52) over time (years).
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quality of economic evaluations in orthopaedic sports med-
icine is generally high.100 Other reviews that have evalu-
ated interventions in physical therapy,83 ischemic heart
disease,101 and hip and knee arthroplasty86 have also
shown similar study quality using the QHES tool. Com-
paratively, studies evaluating interventions in radiother-
apy for oncology,22 nursing,68 and digestive diseases100

have reported mean QHES scores ranging from fair to
poor.100 Reporting guidelines such as the Consolidated
Health Economic Evaluation Reporting Standards
(CHEERS) statement are also useful in evaluating eco-
nomic evaluations; however, we used the QHES for our
quality assessment as it was developed to specifically
measure the quality of economic evaluations and produce

an overall quality score, which enables comparison with
other studies.77

Through our quality assessment, we identified key
areas of health economic studies that require improve-
ment in orthopaedic sports medicine. Most QHES ques-
tions were frequently addressed (Figure 7); however, 4
questions were addressed less frequently. These ques-
tions were related to whether authors handled estimate
uncertainty in their analysis, the methodology for data
abstraction and costing, and whether authors justified
the model they chose and discussed the potential limita-
tions and biases of their results. On a general note,
researchers should be using guidelines9,75,91 that provide
detailed instructions for conducting a health economic
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Figure 6. Mean Quality of Health Economics (QHES) total score by study intervention group (n ¼ 52).
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evaluation. For example, these guidelines provide
detailed descriptions on the importance of accounting for
uncertainty statistically, but also through sensitivity
analyses to account for uncertainty of study parameters,
such as assumptions made by the investigators. Following
guidelines for reporting economic evaluations will help
improve transparency of results and, subsequently, the
overall quality of studies.

The most poorly addressed question (Q2; 65% of studies)
was whether the perspective of the analysis was stated and
justified. Similarly, perspective was also poorly addressed
in studies that conducted partial economic evaluations.
Stating the perspective is important to ensure that all rel-
evant costs are measured appropriately. Use of different
perspectives can have meaningful impacts on study results
and interpretation. Primeau et al87 found that comparing
interventions through a payer costing perspective (ie,
direct costs only) versus a societal perspective (ie, also
including indirect costs such as time away from work) can
provide contradicting results concerning intervention cost-
effectiveness. For example, considering solely the direct
costs in an economic evaluation could substantially under-
mine the true benefit of an intervention that leads to large
indirect cost savings for the patient or society as a whole. As
the distribution of cost varies considerably between opera-
tive and nonoperative procedures, it is particularly impor-
tant that studies comparing such interventions are
conducted according to economic evaluation guidelines to
appropriately capture all relevant direct and indirect costs
and estimate the trade-off between health care costs and
clinical outcome, thus ensuring appropriate conclusions
regarding cost-effectiveness are drawn. Interestingly, stud-
ies that compared these types of interventions scored the
lowest on the QHES (Figure 6), and very few studies were
identified (n ¼ 8). Reporting the study perspective and pro-
viding a justification is therefore crucial for appropriate
interpretation of study results in making well-informed
health policy decisions. In fact, governing bodies9,75,91 often
suggest conducting analyses from several perspectives (eg,
payer and societal) to cover a range of audiences while
clearly identifying the costs and outcomes that comprise
each perspective studied. We identified only 10 of our 52
studies (19%) evaluated more than 1 perspective.

Another important aspect to consider is the appropriate
interpretation of study results. Over half of the studies (21
of 44, 51%) identified in this review that evaluated only
costs reported interventions to be cost-effective. For exam-
ple, 1 paper (cited 56 times) compared 3 general anesthetic
techniques for elective knee surgery and concluded that
sevoflurane in oxygen/nitrous oxide was the most cost-
effective intervention; however, the authors only compared
costs among interventions (no health effect comparison).42

The use of the term cost-effective is considered inappropri-
ate for partial economic evaluations, as no incremental
analysis of cost and effect has been conducted. It provides
only an estimate of which intervention is more or less costly
and not whether the intervention provides a better value
for health benefit. Authors should therefore be mindful of
the terminology used when interpreting results to avoid
confusing and misleading language. While we should

discourage clinicians from basing clinical decisions off of
data from partial economic evaluations, it also raises the
notion that we need to further promote the publication of
full economic evaluations.

Current guidelines recommend reporting the ICER, as
this measure summarizes the additional cost to achieve
an additional unit of effect. An important concept that is
often misunderstood is the difference between an average
cost-effectiveness ratio (ACER) and an incremental cost-
effectiveness ratio (ICER), which answer very different
questions.43 For example, 1 study from this review (cited
19 times) reported the average cost of microfracture was
€178 per 1-point improvement on the visual analog scale
(VAS) over 5 years (€ ¼ 5150 / VAS ¼ 29) compared with
the average cost of €534 per 1-point improvement on the
VAS over 5 years (€ ¼ 14,941 / VAS ¼ 28) for autologous
chondrocyte implantation in treating focal cartilage defects
and thus concluded that microfracture was more cost-effec-
tive.1 Comparatively, the ICER calculates the ratio
between the difference in cost over the difference in effect
between interventions. Reporting the ICER allows a more
appropriate interpretation for decision makers to evaluate
if an additional €9791 per 1-point improvement on the VAS
over 5 years for autologous chondrocyte implantation is
worth health care dollar spending. Although most papers
in this review appropriately reported an ICER, clinicians
and researchers need to be aware of the important differ-
ence when designing studies and critically appraising arti-
cles, as it can have important implications for policy
decision-making.

There are limitations for this study. There is a level of
subjectivity with scoring the QHES tool. To ensure consis-
tency in quality scoring for all reviewers, we asked team
members to supplement their scoring criteria for the
QHES using the elaborated descriptors provided by
Marshall et al68 as well as a priori modifications to the
criteria (Supplemental Table 2, available online). More-
over, we pilot tested the QHES tool on 5 studies before
completing subsequent full-text reviews. As a result, we
showed consistency between reviewers through excellent
interrater reliability scores (Table 3). Also, there are limita-
tions with the scoring of the QHES tool. For example, stud-
ies may have lost points for questions on the QHES because
of lack of clarity in their descriptions or because informa-
tion was omitted from the article despite having sound
research methodology. Finally, although the QHES tool is
valid and reliable, it measures internal validity. The results
of the QHES tool do not extend to the external validity (ie,
generalizability) of studies. Therefore, a study that is inter-
nally valid (ie, high QHES score) may not necessarily be
clinically relevant nor applicable, which should be consid-
ered by decision makers using this information.

CONCLUSION

The future of policy decision-making in health care
resource allocation relies heavily on the quality of pub-
lished research. While health economic evaluations are
generally of high quality in orthopaedic sports medicine,
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the number of published studies in the field remains quite
low. Also, half of the studies do not perform a full economic
evaluation, which is necessary to draw appropriate conclu-
sions regarding the cost-effectiveness of interventions. Pro-
moting the publication of full economic evaluations is
therefore necessary. Researchers should also consider the
importance of research methodology to further improve
study quality, particularly relating to study perspective,
statistical uncertainty, costing, time horizon, discounting,
model development, and discussion of limitations and
biases. Overall study quality may be improved by following
instruments such as the QHES and national or interna-
tional guidelines for economic evaluation.9,75,91

ACKNOWLEDGMENT

The authors thank Arusha Sood and Michael Pollock for
their help in reviewing titles and abstracts for the study.

SUPPLEMENTAL MATERIAL

Supplemental material for this article is available at http://
journals.sagepub.com/doi/suppl/ 10.1177/2325967120987241.

REFERENCES

1. Aae TF, Randsborg PH, Luras H, Aroen A, Lian OB. Microfracture is

more cost-effective than autologous chondrocyte implantation: a

review of level 1 and level 2 studies with 5 year follow-up. Knee Surg

Sports Traumatol Arthrosc. 2018;26:1044-1052.

2. Alhashemi JA, Miller DR, O’Brien HV, Hull KA. Cost-effectiveness of

inhalational, balanced and total intravenous anaesthesia for ambula-

tory knee surgery. Can J Anaesth. 1997;44:118-125.

3. Anderson RE, Sartipy U, Jakobsson JG. Use of conventional ECG

electrodes for depth of anaesthesia monitoring using the cerebral

state index: a clinical study in day surgery. Br J Anaesth. 2007;98:

645-648.

4. Aronowitz ER, Kleinbart FA. Outpatient ACL reconstruction using

intraoperative local analgesia and oral postoperative pain medication.

Orthopedics. 1998;21:781-784.

5. Barnds B, Morris B, Mullen S, Schroeppel JP, Tarakemeh A, Vopat

BG. Increased rates of knee arthroplasty and cost of patients with

meniscal tears treated with arthroscopic partial meniscectomy versus

non-operative management. Knee Surg Sports Traumatol Arthrosc.

2019;27:2316-2321.

6. Barton GR, Sach TH, Jenkinson C, Doherty M, Avery AJ, Muir KR.

Lifestyle interventions for knee pain in overweight and obese adults

aged > or ¼ 45: economic evaluation of randomised controlled trial.

BMJ. 2009;339:B2273.

7. Blatnik P, Tusak M, Bojnec S, Brezigar Masten A. Economic evalua-

tion of knee arthroscopy treatment in a general hospital. Med Glas

(Zenica). 2017;14:33-40.

8. Briggs AM, Cross MJ, Hoy DG, et al. Musculoskeletal health condi-

tions represent a global threat to healthy aging: a report for the 2015

World Health Organization World Report on Ageing and Health. Ger-

ontologist. 2016;56(suppl 2):S243-S255.

9. Canadian Agency for Drugs and Technologies in Health (CADTH).

Guidelines for the Economic Evaluation of Health Technologies:

Canada. 4th ed. CADTH; 2017.

10. Castelnuovo E, Cross P, Mt-Isa S, Spencer A, Underwood M. Cost-

effectiveness of advising the use of topical or oral ibuprofen for knee

pain; the TOIB study [ISRCTN: 79353052]. Rheumatology (Oxford).

2008;47:1077-1081.

11. Castro JC, Daza AM, Misas JD. Cost-effectiveness analysis of visco-

supplementation versus conventional supportive therapy for knee

osteoarthritis in Colombia. Value Health Reg Issues. 2015;8:56-61.

12. Chang RW, Falconer J, Stulberg SD, Arnold WJ, Manheim LM, Dyer

AR. A randomized, controlled trial of arthroscopic surgery versus

closed-needle joint lavage for patients with osteoarthritis of the knee.

Arthritis Rheum. 1993;36:289-296.

13. Chavez-Chiang NR, Sibbitt WL, Band PA, DeLea SL, Park KS, Bank-

hurst AD. The outcomes and cost-effectiveness of intraarticular injec-

tion of the rheumatoid knee. Rheumatol Int. 2012;32:513-518.

14. Chiou CF, Hay JW, Wallace JF, et al. Development and validation of a

grading system for the quality of cost-effectiveness studies. Med

Care. 2003;41:32-44.

15. Chou CW, Lue KH, Lee HS, Lin RC, Lu KH. Hylan G-F 20 has better

pain relief and cost-effectiveness than sodium hyaluronate in treating

early osteoarthritic knees in Taiwan. J Formos Med Assoc. 2009;108:

663-672.

16. Ciani O, Pascarelli NA, Giannitti C, et al. Mud-bath therapy in addition

to usual care in bilateral knee osteoarthritis: an economic evaluation

alongside a randomized controlled trial. Arthritis Care Res (Hoboken).

2017;69:966-972.

17. Cooper MT, Kaeding C. Comparison of the hospital cost of autograft

versus allograft soft-tissue anterior cruciate ligament reconstructions.

Arthroscopy. 2010;26:1478-1482.

18. Coupe VM, Veenhof C, van Tulder MW, Dekker J, Bijlsma JW, Van

den Ende CH. The cost effectiveness of behavioural graded activity in

patients with osteoarthritis of hip and/or knee. Ann Rheum Dis. 2007;

66:215-221.

19. Cross M, Smith E, Hoy D, et al. The global burden of hip and knee

osteoarthritis: estimates from the global burden of disease 2010

study. Ann Rheum Dis. 2014;73:1323-1330.

20. Dahl V, Gierloff C, Omland E, Raeder JC. Spinal, epidural or propofol

anaesthesia for out-patient knee arthroscopy? Acta Anaesthesiol

Scand. 1997;41:1341-1345.

21. Dasa V, DeKoven M, Sun K, Scott A, Lim S. Clinical and cost out-

comes from different hyaluronic acid treatments in patients with knee

osteoarthritis: evidence from a US health plan claims database. Drugs

Context. 2016;5:212296.

22. Defourny N, Monten C, Grau C, Lievens Y, Perrier L. Critical review

and quality-assessment of cost analyses in radiotherapy: how reliable

are the data? Radiother Oncol. 2019;141:14-26.

23. Delbarre A, Amor B, Bardoulat I, Tetafort A, Pelletier-Fleury N. Do

intra-articular hyaluronic acid injections delay total knee replacement

in patients with osteoarthritis—a Cox model analysis. PLoS One.

2017;12:e0187227.

24. Derrett S, Stokes EA, James M, Bartlett W, Bentley G. Cost and health

status analysis after autologous chondrocyte implantation and

mosaicplasty: a retrospective comparison. Int J Technol Assess

Health Care. 2005;21:359-367.

25. Desai M, Bentley A, Keck WA, Haag T, Taylor RS, Dakin H. Cooled

radiofrequency ablation of the genicular nerves for chronic pain due to

osteoarthritis of the knee: a cost-effectiveness analysis based on trial

data. BMC Musculoskelet Disord. 2019;20:302.

26. Drummond MF, Sculpher MJ, Torrance GW, O’Brien BJ, Stoddart GL.

Methods for the Economic Evaluation of Health Care Programmes.

Oxford University Press; 2005.

27. Duncan PG, Shandro J, Bachand R, Ainsworth L. A pilot study of

recovery room bypass (“fast-track protocol”) in a community hospital.

Can J Anaesth. 2001;48:630-636.

28. Fagnani F, Bouvenot G, Valat JP, et al. Medico-economic analysis of

diacerein with or without standard therapy in the treatment of osteo-

arthritis. PharmacoEconomics. 1998;13:135-146.

29. Farshad M, Gerber C, Meyer DC, Schwab A, Blank PR, Szucs T.

Reconstruction versus conservative treatment after rupture of the

anterior cruciate ligament: cost effectiveness analysis. BMC Health

Serv Res. 2011;11:317.

30. Feeley BT, Liu S, Garner AM, Zhang AL, Pietzsch JB. The cost-

effectiveness of meniscal repair versus partial meniscectomy: a

model-based projection for the United States. Knee. 2016;23:674-680.

10 Primeau et al The Orthopaedic Journal of Sports Medicine

http://journals.sagepub.com/doi/suppl/
http://journals.sagepub.com/doi/suppl/
http://10.1177/2325967120987241


31. Finch CF, Kemp JL, Clapperton AJ. The incidence and burden of

hospital-treated sports-related injury in people aged 15þ years in

Victoria, Australia, 2004-2010: a future epidemic of osteoarthritis?

Osteoarthritis Cartilage. 2015;23:1138-1143.

32. Forssblad M, Jacobson E, Weidenhielm L. Knee arthroscopy with

different anesthesia methods: a comparison of efficacy and cost.

Knee Surg Sports Traumatol Arthrosc. 2004;12:344-349.

33. Forssblad M, Valentin A, Engstrom B, Werner S. ACL reconstruction:

patellar tendon versus hamstring grafts—economical aspects. Knee

Surg Sports Traumatol Arthrosc. 2006;14:536-541.

34. Forster DP, Frost CE. Cost-effectiveness study of outpatient physio-

therapy after medial meniscectomy. Br Med J (Clin Res Ed). 1982;284:

485-487.

35. Genuario JW, Faucett SC, Boublik M, Schlegel TF. A cost-

effectiveness analysis comparing 3 anterior cruciate ligament graft

types: bone-patellar tendon-bone autograft, hamstring autograft, and

allograft. Am J Sports Med. 2012;40:307-314.

36. Gerkens S, Crott R, Cleemput I, et al. Comparison of three instru-

ments assessing the quality of economic evaluations: a practical

exercise on economic evaluations of the surgical treatment of obesity.

Int J Technol Assess Health Care. 2008;24:318-325.

37. Gerlier L, Lamotte M, Wille M, et al. The cost utility of autologous chon-

drocytes implantation using ChondroCelect® in symptomatic knee car-

tilage lesions in Belgium. PharmacoEconomics. 2010;28:1129-1146.

38. Goodwin PC, Ratcliffe J, Morrissey MC. Physiotherapy after arthro-

scopic partial meniscectomy surgery: an assessment of costs to the

National Health Service, patients, and society. Int J Technol Assess

Health Care. 2005;21:452-458.

39. Gottlob CA, Baker CL Jr, Pellissier JM, Colvin L. Cost effectiveness of

anterior cruciate ligament reconstruction in young adults. Clin Orthop

Relat Res. 1999:272-282.

40. Greis PE, Koch BS, Adams B. Tibialis anterior or posterior allograft

anterior cruciate ligament reconstruction versus hamstring autograft

reconstruction: an economic analysis in a hospital-based outpatient

setting. Arthroscopy. 2012;28:1695-1701.

41. Gremion G, Gaillard D, Leyvraz PF, Jolles BM. Effect of biomagnetic

therapy versus physiotherapy for treatment of knee osteoarthritis: a

randomized controlled trial. J Rehabil Med. 2009;41:1090-1095.

42. Heidvall M, Hein A, Davidson S, Jakobsson J. Cost comparison

between three different general anaesthetic techniques for elective

arthroscopy of the knee. Acta Anaesthesiol Scand. 2000;44:157-162.

43. Hoch JS, Dewa CS. A clinician’s guide to correct cost-effectiveness

analysis: think incremental not average. Can J Psychiatry. 2008;53:

267-274.

44. Hurley MV, Walsh NE, Mitchell H, Nicholas J, Patel A. Long-term

outcomes and costs of an integrated rehabilitation program for

chronic knee pain: a pragmatic, cluster randomized, controlled trial.

Arthritis Care Res (Hoboken). 2012;64:238-247.

45. Hurley MV, Walsh NE, Mitchell HL, et al. Economic evaluation of a

rehabilitation program integrating exercise, self-management, and

active coping strategies for chronic knee pain. Arthritis Rheum.

2007;57:1220-1229.

46. Jari S, Shelbourne KD. Simultaneous bilateral anterior cruciate liga-

ment reconstruction. Am J Sports Med. 2002;30:891-895.

47. Jessep SA, Walsh NE, Ratcliffe J, Hurley MV. Long-term clinical ben-

efits and costs of an integrated rehabilitation programme compared

with outpatient physiotherapy for chronic knee pain. Physiotherapy.

2009;95:94-102.

48. Juhakoski R, Tenhonen S, Malmivaara A, Kiviniemi V, Anttonen T,

Arokoski JP. A pragmatic randomized controlled study of the effec-

tiveness and cost consequences of exercise therapy in hip osteoar-

thritis. Clin Rehabil. 2011;25:370-383.

49. Kahan A, Lleu PL, Salin L. Prospective randomized study comparing

the medicoeconomic benefits of Hylan GF-20 vs. conventional treat-

ment in knee osteoarthritis. Joint Bone Spine. 2003;70:276-281.

50. Kamath CC, Kremers HM, Vanness DJ, O’Fallon WM, Cabanela RL,

Gabriel SE. The cost-effectiveness of acetaminophen, NSAIDs, and

selective COX-2 inhibitors in the treatment of symptomatic knee oste-

oarthritis. Value Health. 2003;6:144-157.

51. Kao JT, Giangarra CE, Singer G, Martin S. A comparison of outpatient

and inpatient anterior cruciate ligament reconstruction surgery.

Arthroscopy. 1995;11:151-156.

52. Katz JN, Smith SR, Collins JE, et al. Cost-effectiveness of nonsteroi-

dal anti-inflammatory drugs and opioids in the treatment of knee

osteoarthritis in older patients with multiple comorbidities. Osteoar-

thritis Cartilage. 2016;24:409-418.

53. Kloek CJJ, van Dongen JM, de Bakker DH, Bossen D, Dekker J,

Veenhof C. Cost-effectiveness of a blended physiotherapy interven-

tion compared to usual physiotherapy in patients with hip and/or knee

osteoarthritis: a cluster randomized controlled trial. BMC Public

Health. 2018;18:1082.

54. Konopka JF, Gomoll AH, Thornhill TS, Katz JN, Losina E. The cost-

effectiveness of surgical treatment of medial unicompartmental knee

osteoarthritis in younger patients: a computer model-based evalua-

tion. J Bone Joint Surg Am. 2015;97:807-817.

55. Kritikou G, Avgerinos KI, Koutserimpas C, et al. Effectiveness of a

preventive bundle of measures for reducing surgical site infections

in patients undergoing elective orthopedic procedures in a Hellenic

Air Force Hospital. G Chir. 2019;40:120-126.

56. Larson CM, Fischer DA, Smith JP, Boyd JL. Bilateral anterior cruciate

ligament reconstruction as a single procedure: evaluation of cost and

early functional results. Am J Sports Med. 2004;32:197-200.

57. Lau BH, Lafave MR, Mohtadi NG, Butterwick DJ. Utilization and cost

of a new model of care for managing acute knee injuries: the Calgary

Acute Knee Injury Clinic. BMC Health Serv Res. 2012;12:445.

58. Lewis DA, Kirkbride B, Vertullo CJ, Gordon L, Comans TA. Compar-

ison of four alternative national universal anterior cruciate ligament

injury prevention programme implementation strategies to reduce

secondary future medical costs. Br J Sports Med. 2018;52:277-282.

59. Li CS, Seeger T, Auhuber TC, Bhandari M. Cost-effectiveness and

economic impact of the KineSpring® Knee Implant System in the

treatment for knee osteoarthritis. Knee Surg Sports Traumatol

Arthrosc. 2013;21:2629-2637.

60. Lintner S, Shawen S, Lohnes J, Levy A, Garrett W. Local anesthesia in

outpatient knee arthroscopy: a comparison of efficacy and cost.

Arthroscopy. 1996;12:482-488.

61. Losina E, Burbine SA, Suter LG, et al. Pharmacologic regimens for

knee osteoarthritis prevention: can they be cost-effective? Osteoar-

thritis Cartilage. 2014;22:415-430.

62. Losina E, Daigle ME, Suter LG, et al. Disease-modifying drugs for

knee osteoarthritis: can they be cost-effective? Osteoarthritis Carti-

lage. 2013;21:655-667.

63. Losina E, Dervan EE, Paltiel AD, et al. Defining the value of future

research to identify the preferred treatment of meniscal tear in the

presence of knee osteoarthritis. PLoS One. 2015;10:e0130256.

64. Losina E, Smith KC, Paltiel AD, et al. Cost-effectiveness of diet and

exercise for overweight and obese patients with knee osteoarthritis.

Arthritis Care Res (Hoboken). 2019;71:855-864.

65. Lubowitz JH, Appleby D. Cost-effectiveness analysis of the most com-

mon orthopaedic surgery procedures: knee arthroscopy and knee ante-

rior cruciate ligament reconstruction. Arthroscopy 2011;27:1317-1322.

66. Margier J, Tchouda SD, Banihachemi JJ, Bosson JL, Plaweski S.

Computer-assisted navigation in ACL reconstruction is attractive but

not yet cost efficient. Knee Surg Sports Traumatol Arthrosc. 2015;23:

1026-1034.

67. Marsh JD, Birmingham TB, Giffin JR, et al. Cost-effectiveness analy-

sis of arthroscopic surgery compared with non-operative manage-

ment for osteoarthritis of the knee. BMJ Open. 2016;6:e009949.

68. Marshall DA, Donald F, Lacny S, et al. Assessing the quality of economic

evaluations of clinical nurse specialists and nurse practitioners: a sys-

tematic review of cost-effectiveness. NursingPlus Open. 2015;1:11-17.

69. Marshall DA, Strauss ME, Pericak D, Buitendyk M, Codding C, Tor-

rance GW. Economic evaluation of controlled-release oxycodone vs

oxycodone-acetaminophen for osteoarthritis pain of the hip or knee.

Am J Manag Care. 2006;12:205-214.

70. Martikainen M, Kangas-Saarela T. Cost-effective anaesthesia for out-

patient arthroscopic knee surgery: spinal, desflurane, isoflurane or

propofol anaesthesia? Ambul Surg. 2000;8:63-66.

The Orthopaedic Journal of Sports Medicine Economic Evaluation Quality for Sports Medicine 11



71. Martikainen M, Kangas-Saarela T, Lopponen A, Ohtonen P, Salomaki

T. Two percent lidocaine spinal anaesthesia compared with sevoflur-

ane anaesthesia in ambulatory knee surgery: cost-effectiveness,

home readiness and recovery profiles. Ambul Surg. 2001;9:77-81.

72. Mather RC 3rd, Koenig L, Kocher MS, et al. Societal and economic

impact of anterior cruciate ligament tears. J Bone Joint Surg Am.

2013;95:1751-1759.

73. Mistry H, Metcalfe A, Smith N, et al. The cost-effectiveness of osteo-

chondral allograft transplantation in the knee. Knee Surg Sports Trau-

matol Arthrosc. 2019;27:1739-1753.

74. Mostafa H, el-Shamaa H, el-Refaai N, el-Akati A. Randomized double

blind comparison between sciatic-femoral nerve block and propofol-

remifentanil, propofol-alfentanil general anesthetics in out-patient

knee arthroscopy. Pak J Biol Sci. 2008;11:359-365.

75. National Institute for Health and Clinical Excellence (NICE). Updated

Guide to the Methods of Technology Appraisal. NICE; 2013.

76. Nunez M, Sastre S, Nunez E, Lozano L, Nicodemo C, Segur JM.

Health-related quality of life and direct costs in patients with anterior

cruciate ligament injury: single-bundle versus double-bundle recon-

struction in a low-demand cohort—a randomized trial with 2 years of

follow-up. Arthroscopy. 2012;28:929-935.

77. Nwachukwu BU, Schairer WW, Bernstein JL, Dodwell ER, Marx RG,

Allen AA. Cost-effectiveness analyses in orthopaedic sports medi-

cine: a systematic review. Am J Sports Med. 2015;43:1530-1537.

78. Offerhaus C, Balke M, Hente J, Gehling M, Blendl S, Hoher J. Vanco-

mycin pre-soaking of the graft reduces postoperative infection rate

without increasing risk of graft failure and arthrofibrosis in ACL recon-

struction. Knee Surg Sports Traumatol Arthrosc. 2019;27:3014-3021.

79. Ofman JJ, Sullivan SD, Neumann PJ, et al. Examining the value and

quality of health economic analyses: implications of utilizing the

QHES. J Manag Care Pharm. 2003;9:53-61.

80. Owesen C, Aas E, Aroen A. Surgical reconstruction is a cost-efficient

treatment option for isolated PCL injuries. Knee Surg Sports Trauma-

tol Arthrosc. 2018;26:1053-1058.

81. Patel A, Buszewicz M, Beecham J, et al. Economic evaluation of

arthritis self management in primary care. BMJ. 2009;339:B3532.

82. Paxton ES, Kymes SM, Brophy RH. Cost-effectiveness of anterior

cruciate ligament reconstruction: a preliminary comparison of

single-bundle and double-bundle techniques. Am J Sports Med.

2010;38:2417-2425.

83. Peterson LE, Goodman C, Karnes EK, Chen CJ, Schwartz JA.

Assessment of the quality of cost analysis literature in physical ther-

apy. Phys Ther. 2009;89:733-755.

84. Pettrone FA. Meniscectomy: arthrotomy versus arthroscopy. Am J

Sports Med. 1982;10:355-359.

85. Pinto D, Robertson MC, Abbott JH, Hansen P, Campbell AJ. Manual

therapy, exercise therapy, or both, in addition to usual care, for oste-

oarthritis of the hip or knee. 2: economic evaluation alongside a ran-

domized controlled trial. Osteoarthritis Cartilage. 2013;21:1504-1513.

86. Primeau CA, Joshi I, Zomar BO, et al. Cost-effectiveness of arthro-

plasty management in hip and knee osteoarthritis: a quality review of

the literature. Curr Treat Options in Rheum. 2020;6:160-190.

87. Primeau CA, Marsh JD, Birmingham TB, Giffin JR. The importance of

costing perspective: an example evaluating the cost-effectiveness of

a locking versus nonlocking plate in medial opening wedge high tibial

osteotomy. Can J Surg. 2019;62:e14-e16.

88. Richardson G, Hawkins N, McCarthy CJ, et al. Cost-effectiveness of a

supplementary class-based exercise program in the treatment of

knee osteoarthritis. Int J Technol Assess Health Care. 2006;22:84-89.

89. Roush MB, Sevier TL, Wilson JK, et al. Anterior knee pain: a clinical

comparison of rehabilitation methods. Clin J Sport Med. 2000;10:

22-28.

90. Samuelson EM, Brown DE. Cost-effectiveness analysis of autologous

chondrocyte implantation: a comparison of periosteal patch versus

type I/III collagen membrane. Am J Sports Med. 2012;40:1252-1258.

91. Sanders GD, Neumann PJ, Basu A, et al. Recommendations for con-

duct, methodological practices, and reporting of cost-effectiveness

analyses: second panel on cost-effectiveness in health and medicine.

JAMA. 2016;316:1093-1103.

92. Schenck RC Jr, Blaschak MJ, Lance ED, Turturro TC, Holmes CF.

A prospective outcome study of rehabilitation programs and

anterior cruciate ligament reconstruction. Arthroscopy. 1997;13:

285-290.

93. Scholtissen S, Bruyere O, Neuprez A, et al. Glucosamine sulphate in

the treatment of knee osteoarthritis: cost-effectiveness comparison

with paracetamol. Int J Clin Pract. 2010;64:756-762.

94. Sevick MA, Bradham DD, Muender M, et al. Cost-effectiveness of

aerobic and resistance exercise in seniors with knee osteoarthritis.

Med Sci Sports Exerc. 2000;32:1534-1540.

95. Sevick MA, Miller GD, Loeser RF, Williamson JD, Messier SP. Cost-

effectiveness of exercise and diet in overweight and obese adults

with knee osteoarthritis. Med Sci Sports Exerc. 2009;41:1167-1174.

96. Shearer DW, Kramer J, Bozic KJ, Feeley BT. Is hip arthroscopy cost-

effective for femoroacetabular impingement? Clin Orthop Relat Res.

2012;470:1079-1089.

97. Sibbitt WL Jr, Band PA, Kettwich LG, Chavez-Chiang NR, Delea SL,

Bankhurst AD. A randomized controlled trial evaluating the cost-

effectiveness of sonographic guidance for intra-articular injection

of the osteoarthritic knee. J Clin Rheumatol. 2011;17:409-415.

98. Smith SR, Katz JN, Collins JE, et al. Cost-effectiveness of tramadol

and oxycodone in the treatment of knee osteoarthritis. Arthritis Care

Res (Hoboken). 2017;69:234-242.

99. Smith WB 2nd, Steinberg J, Scholtes S, McNamara IR. Medial com-

partment knee osteoarthritis: age-stratified cost-effectiveness of

total knee arthroplasty, unicompartmental knee arthroplasty, and

high tibial osteotomy. Knee Surg Sports Traumatol Arthrosc. 2017;

25:924-933.

100. Spiegel BM, Targownik LE, Kanwal F, et al. The quality of published

health economic analyses in digestive diseases: a systematic review

and quantitative appraisal. Gastroenterology. 2004;127:403-411.

101. Stevens ER, Farrell D, Jumkhawala SA, Ladapo JA. Quality of health

economic evaluations for the ACC/AHA stable ischemic heart dis-

ease practice guideline: a systematic review. Am Heart J. 2018;204:

17-33.

102. Thomas KS, Miller P, Doherty M, Muir KR, Jones AC, O’Reilly SC.

Cost effectiveness of a two-year home exercise program for the

treatment of knee pain. Arthritis Rheum. 2005;53:388-394.

103. Thomas T, Amouroux F, Vincent P. Intra articular hyaluronic acid in

the management of knee osteoarthritis: pharmaco-economic study

from the perspective of the national health insurance system. PLoS

One. 2017;12:e0173683.

104. Timm KE. The clinical and cost-effectiveness of two different pro-

grams for rehabilitation following ACL reconstruction. J Orthop

Sports Phys Ther. 1997;25:43-48.

105. Torrance GW, Raynauld JP, Walker V, et al. A prospective, random-

ized, pragmatic, health outcomes trial evaluating the incorporation of

hylan G-F 20 into the treatment paradigm for patients with knee

osteoarthritis (Part 2 of 2): economic results. Osteoarthritis Cartilage.

2002;10:518-527.

106. Trieshmann HW Jr. Knee arthroscopy: a cost analysis of general and

local anesthesia. Arthroscopy. 1996;12:60-63.

107. Turajane T, Labpiboonpong V, Maungsiri S. Cost analysis of intra-

articular sodium hyaluronate treatment in knee osteoarthritis

patients who failed conservative treatment. J Med Assoc Thai.

2007;90:1839-1844.

108. Upmeier H, Bruggenjurgen B, Weiler A, Flamme C, Laprell H, Willich

SN. Follow-up costs up to 5 years after conventional treatments in

patients with cartilage lesions of the knee. Knee Surg Sports Trau-

matol Arthrosc. 2007;15:249-257.

109. Viera AJ, Garrett JM. Understanding interobserver agreement: the

kappa statistic. Fam Med. 2005;37:360-363.

110. Vos T, Allan C, Arora M, et al. Global, regional, and national inci-

dence, prevalence, and years lived with disability for 310 diseases

and injuries, 1990-2015: a systematic analysis for the Global Burden

of Disease Study 2015. Lancet. 2016;388:1545-602.

111. Waddell D, Rein A, Panarites C, Coleman PM, Weiss C. Cost impli-

cations of introducing an alternative treatment for patients with

12 Primeau et al The Orthopaedic Journal of Sports Medicine



osteoarthritis of the knee in a managed care setting. Am J Manag

Care. 2001;7:981-991.

112. Whitehurst DG, Bryan S, Hay EM, Thomas E, Young J, Foster NE.

Cost-effectiveness of acupuncture care as an adjunct to exercise-

based physical therapy for osteoarthritis of the knee. Phys Ther.

2011;91:630-641.

113. Witt CM, Brinkhaus B, Reinold T, Willich SN. Efficacy, effectiveness,

safety and costs of acupuncture for chronic pain – results of a large

research initiative. Acupunct Med. 2006;24:S33-S39.

114. Yen ZS, Lai MS, Wang CT, et al. Cost-effectiveness of treatment

strategies for osteoarthritis of the knee in Taiwan. J Rheumatol.

2004;31:1797-1803.

The Orthopaedic Journal of Sports Medicine Economic Evaluation Quality for Sports Medicine 13



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


