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Abstract

Background Case-control studies are a common method
of analyzing associations between clinical outcomes and
potential risk factors. Matching cases to controls based on
known confounding variables can decrease bias and allow
investigators to assess the association of interest with in-
creased precision. However, the analysis of matched data
generally requires matched statistical methods, and failure
to use these methods can lead to imprecise or biased results.
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The appropriate use of matched statistical methods in or-
thopaedic case-control studies has not been documented.
Questions/purposes (1) What proportion of matched or-
thopaedic case-control studies use the appropriate matched
statistical analyses? (2) What study factors are associated
with the use of appropriate matched statistical tests?
Methods All matched case-control studies published in
the top 10 orthopaedic journals according to impact factor
from 2007 to 2016 were identified by literature review.
Studies using appropriate statistical techniques were
identified by two independent evaluators; discrepancies
were settled by a third evaluator, all with advanced training
in biostatistics. The number of studies using appropriate
matched statistical methods was compared with the num-
ber of studies reviewed. Logistic regression was used to
identify key study factors (including journal, publication
year, rank according to impact factor, number of matching
factors, number of controls per case, and the inclusion of a
biostatistician coauthor) associated with the use of appro-
priate statistical methods. Three hundred nineteen articles
that were initially classified as case-control studies were
screened, yielding 83 matched case-control studies. One
hundred two of the excluded articles were cohort or cross-
sectional studies that were misclassified as case-control
studies. The median number of matching factors was 3.0
(range, 1-10) and the median number of controls per case
was 1.0 (range, 0.5-6.0). Thirty studies (36%) had a stat-
istician coauthor.

Results Thirty of the 83 included studies (36%) used ap-
propriately matched methods throughout, 11 (13%) used
matched methods for multivariable but not univariable
analyses, and 42 (51%) used only unmatched methods,
which we considered inappropriate. After controlling for
the number of controls per case and publication year, we
found that the inclusion of a statistician coauthor (70%
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versus 38%; odds ratio, 3.6; 95% confidence interval,
1.4-20.3; p = 0.01) and journal were associated with the
use of appropriate methods.

Conclusions Although matched case-control studies can
be statistically more efficient study designs, in that they are
capable of generating more precise effect size estimates
than other kinds of retrospective research, most orthopae-
dic case-control studies use inappropriate statistical meth-
ods in their analyses. Additionally, the high degree of study
misclassification indicates a need to more rigorously define
differences among case-control, cohort, and cross-
sectional study designs.

Clinical Relevance Failing to use matched statistical tests
may lead to imprecise and/or biased effect estimates, which
may lead to a tendency to overestimate or underestimate
associations between possible risk factors and clinically
relevant outcomes. Orthopaedic researchers should be
cognizant of the risks and benefits of matching and should
consult individuals with biostatistical expertise as needed
to ensure that their statistical methods are appropriate and
methodologically rigorous.

Introduction

Case-control studies are a commonly used observational
study design in clinical research [16]. They compare sub-
jects with an outcome of interest (cases) and subjects
without that outcome (controls) and determine whether
various risk factors (exposures) differ between the two
groups [4, 5]. Case-control studies have been referred to as
“research in reverse” because cases and controls are de-
fined by the presence or absence of an outcome and are
analyzed retrospectively for exposure status [18]. Com-
pared with cohort studies that follow subjects with different
risk factors over time to determine the risk of developing an
outcome, case-control studies are less resource-intensive
and can be completed in less time. This makes them par-
ticularly useful for studying outcomes that are rare or have
long latency periods [18]. Busse et al. [6] described the
design, conduct, strengths, and limitations of case-control
studies in the context of orthopaedics. Given that many
outcomes in orthopaedic surgery are rare (for example,
periprosthetic joint infections) or have long latency periods
(for example, TKA after ACL reconstruction), case-control
studies are helpful to efficiently identify risk factors for
these outcomes. It is therefore not surprising that the
number of studies with “case-control” and “orthopaedic” in
the title or abstract has steadily risen over the past decade.

Matching cases to controls based on known confounders
such as age or sex often is performed in case-control studies
[3]. Matching reduces but does not eliminate confounding
from the matching factors. Importantly, the primary function
of matching is to improve the statistical efficiency (that is,
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precision) of the study by ensuring that cases and controls
have similar distributions across confounders, thereby
yielding more-precise effect estimates [16]. Most of the
time, matched studies require statistical methods (Table 1)
that account for statistical dependence across matched cases
and controls [3]. The use of unmatched statistical methods in
matched studies can lead to biased effect estimates and in-
correct conclusions. For example, in a hypothetical study of
unilateral TKA in which patients with aseptic loosening are
matched individually to patients without aseptic loosening
on the basis of age, sex, body mass index (BMI), and implant
type, the matched pairs are considered “nonindependent”
from each other. The use of unmatched tests would fail to
account for the nonindependent subjects and may lead to
either (1) a change in the strength of association between the
covariates of interest and loosening; or (2) a change in the
significance of the findings, especially if there are relatively
small numbers of discordant sets (that is, only a few pairs
of cases and controls have different exposure statuses).
The use of matched tests, on the other hand, would ac-
count for nonindependent data and yield correct effect
estimates. It is therefore important for orthopaedic research-
ers to use appropriate statistical techniques when analyzing
matched data to minimize bias and strengthen their infer-
ences. To our knowledge, the proportion of orthopaedic case-
control studies that use appropriately matched statistical
methods is not known, nor are the factors—if any—that
might be associated with more-appropriate statistical analysis
of these datasets.

Therefore, we asked (1) What proportion of matched
orthopaedic case-control studies use the appropriate
matched statistical analyses? (2) What study factors are
associated with the use of appropriate matched statistical
tests?

Materials and Methods
Systematic Review

We performed a systematic review to yield a representative
sample of matched orthopaedic case-control studies. The
search strategy was constructed with the assistance of a re-
search librarian (CM). We identified studies published in 10
orthopaedic journals over a 10-year period from January 1,
2007 to December 31, 2016. Journals selected were the top
10 orthopaedic journals ranked by impact factor according
to the 2017 Journal Citation Reports. We excluded journals
focusing on basic science research or physical therapy. The
10 journals were Acta Orthopaedica, the American Journal
of Sports Medicine, Arthroscopy, the Bone & Joint Journal,
Clinical Orthopaedics and Related Research®, the Journal
of Arthroplasty, the Journal of Bone and Joint Surgery, the
Journal of the American Academy of Orthopaedic Surgeons,
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Table 1. Some common unmatched and matched statistical analyses

Dependent variable

Independent variable

(outcome) (predictor) Unmatched analysis Matched analysis
Binary Binary Pearson’s chi-square test McNemar's test
Fisher's exact test Mantel-Haenszel test
Unconditional logistic regression Conditional logistic regression
Categorical Pearson'’s chi-square test Conditional logistic regression
Fisher's exact test
Unconditional logistic regression
Continuous Unconditional logistic regression Conditional logistic regression
Continuous Binary Paired t-test (assuming normality of
paired differences)
Two-sample independent t-test Wilcoxon signed rank test
(assuming normality of outcomes) (nonparametric)
Wilcoxon rank-sum test Linear regression (including fixed or
(nonparametric) random effects for matching factors)
Categorical One-way repeated measures ANOVA
(assuming normality of outcomes)
One-way ANOVA (assuming normality ~ Friedman’s two-way ANOVA
of outcomes) (nonparametric)
Kruskal-Wallis test (nonparametric) Linear regression (including fixed or
random effects for matching factors)
Continuous Pearson’s correlation

Linear regression

Linear regression (including fixed or
random effects for matching factors)

Spearman’s rank correlation

(nonparametric)

Knee Surgery-Sports Traumatology-Arthroscopy, and The
Spine Journal. We conducted a search with the following
terms and Boolean operators: “case-control studies” (MeSH:
NoExp) OR case control* AND match*.

One author (DGL) performed the initial search. All re-
trieved studies underwent an abstract review by two in-
dependent reviewers (DGL, TT) with the assistance of
Rayyan systematic review software (Qatar Computing
Research Institute, Doha, Qatar) [14]. Studies were ex-
cluded hierarchically if they met any of the following cri-
teria: (1) not a clinical study (defined as a study reporting
patient data and clinical outcomes); (2) not a case-control
study; (3) not matched; or (4) used propensity score-
matching. These criteria were chosen to be consistent
with a prior similar study that was not limited to ortho-
paedics [13]. Case-control studies were defined according
to Breslow and Day [4] as: “...an investigation into the
extent to which persons selected because they have a spe-
cific disease (the cases) and comparable persons who do
not have the disease (the controls) have been exposed to the
disease’s possible risk factors to evaluate the hypothesis
that one or more of these is a cause of the disease.” This
definition is consistent with the classic epidemiologic un-
derstanding of case-control studies and similar evaluative

studies in other specialties [4, 11, 12, 18, 19]. Only in-
dividually or frequency-matched studies were used, be-
cause other matching strategies (for example, propensity
score-matching) require different statistical methods [1].

To ensure that we were capturing all matched case-control
studies published in the journals chosen, we performed a
hand-search of two journals (the Journal of Bone and Joint
Surgery and the American Journal of Sports Medicine), each
over a 1-year period (2016), to identify any studies that may
have been missed by our original electronic search strategy.
Of note, no additional studies were identified via the hand-
search, suggesting that our electronic search strategy was
rigorous enough to capture most, if not all, of matched case-
controls studies in our target journals.

Data Extraction

All studies passing abstract review subsequently underwent a
full-text review by two independent reviewers (DGL, TT).
Studies were excluded if they were determined to have met
any of the aforementioned criteria on full-text review.
Extracted data for all studies included journal, publication
year, body part involved (for example, hip, knee, shoulder,
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etc), number of controls per case, number of matching fac-
tors, journal impact factor, and the inclusion of a coauthor
with statistical or epidemiologic expertise. The latter was a
binary (yes/no) variable determined by having either (1) an
author affiliation with a department of biostatistics or epi-
demiology or a school of public health; or (2) an author with
an advanced degree in biostatistics or epidemiology (for
example, MPH, MS, or PhD). Authors with PhDs and
nonMPH master’s degrees who were not affiliated with a
department of biostatistics or epidemiology or a school of
public health were searched online to identify the subject of
their advanced degree. These authors fell into three catego-
ries: (1) authors with confirmed biostatistics or epidemiology
degrees (n=2), (2) authors with advanced degrees who were
confirmed to be something not related to biostatistics or ep-
idemiology (n = 8), and (3) studies with MD/PhDs whose
PhD topics were not confirmed but presumed to be in
something other than biostatistics or epidemiology (n = 9).
These criteria are consistent with other orthopaedic studies
that have assessed statistical expertise [2, 10].

We defined an appropriate statistical analysis as one that
used any matched statistical test to evaluate exposure-
outcome relationships, assuming that the study matched at
or near the individual level. The reported statistical meth-
ods of all included studies were independently evaluated by
two reviewers (DGL, TT). Disagreements on the appro-
priateness of the methods were resolved by a senior bio-
statistician (DW). Studies were categorized according to
the following system: (1) matched methods used for all
analyses; (2) matched methods used for multivariable but
not univariable analyses; and (3) only unmatched methods
used. The first two categories were deemed to have used
appropriate statistical methods, although studies in the

Unique Studies Identified
(n=2319)

second category used unmatched methods for univariable
analyses. This decision was made to provide a more-lenient
appraisal of the included studies. Additionally, it is un-
likely, though not impossible, for studies to find different
results if they use matched as opposed to unmatched uni-
variable methods, assuming that their multivariable meth-
ods are matched regardless of their univariable methods.

The initial search strategy returned 319 articles. Two
hundred thirty-six of these were subsequently excluded
(Fig. 1), yielding 83 matched case-control studies. No ad-
ditional studies were identified from a hand-search of two
journals’ studies published in 2016. Of the 236 excluded
articles, 231 were excluded because they were not case-
control studies. Of these, 102 reported their study design in
the abstract or full text as a case-control study. However, on
review of their methods, these studies were deemed to be
more consistent with cohort or cross-sectional studies.
Thus, the estimated proportion of study misclassification
based on this sample is 55% (95% CI, 48%—62%).

Among the 83 retained studies (Table 2), the median
number of matching factors was 3.0 (range, 1-10). The most
common matching factors used were age (n = 67; 81%), sex
(n=60; 72%), BMI (n = 15; 18%), and surgery date (n=13;
16%). One study did not mention the number or type of
matching factors used. The median number of controls per
case was 1.0 (range, 0.5-6.0). The median total sample size
was 118 (range, 20-40,329). Thirty of 83 studies (36%)
had a statistician coauthor. Twenty-eight studies (34%) were
published from 2007 to 2011 and 55 studies (66%) were
published from 2012 to 2016. The American Journal of
Sports Medicine and Journal of Bone & Joint Surgery
published the most matched case-control studies with 23 and
15 over 10 years, respectively.

Excluded (n = 218)
Not a Clinical Study (n=1)

Studies Undergoing Full Text
Review (n =101)

Not a Case-control Study (n =214)
Not Matched (n =2)
Propensity Score-matched (n = 1)

Excluded (n=18)

Total Retained Studies
(n=83)

Not a Case-control Study (n = 17)
Propensity Score-matched (n = 1)

Fig. 1 This is a flow diagram of our search demonstrating the total number of studies

reviewed and reasons for exclusion.

am—

{=), Wolters Kluwer

=

Copyright © 2019 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



Volume 477, Number 3

Orthopaedic Matched Case-Control Studies 659

Table 2. Percent of included studies appropriately analyzing
matched data by study characteristic (n = 83)

Study characteristic

Studies appropriately
analyzing matched data

Journal
Journal of Bone and Joint
Surgery
American Journal of Sports
Medicine

Arthroscopy

Clinical Orthopaedics and
Related Research®

Knee Surgery, Sports
Traumatology, Arthroscopy

Bone & Joint Journal
The Spine Journal
Acta Orthopaedica
Journal of Arthroplasty
Body part involved
Knee
Hip
Knee and hip
Upper extremity
Spine
Foot/ankle
Multiple
Year of publication
2007-2008
2009-2010
2011-2012
2013-2014
2015-2016
Statistician coauthor
No
Yes
Number of controls per case
=1
>land =2
> 2
Number of matching factors
Not reported
1
2
3
=4

12/15

13/22

1/10
2/8

5/10

2/5
2/3
2/2
2/8

24/44
5/11
2/7
3/10
3/5
2/4
2/2

4/9
8/15
7/14
13/19
9/26

20/53
21/30

22/50
7/18
12/15

0/1
5/10
8/26
12/22
16/24

Data are presented as # studies appropriately analyzing
dependent observations/total # studies in subgroup.
Journals are listed in order according to decreasing impact

factor.

Statistical Methods

We used univariable logistic regression to determine
whether journal, body part, year of publication, inclusion
of a biostatistician coauthor, rank according to impact
factor, number of controls per case, and number of
matching factors were associated with the use of any ap-
propriate matched methods. These factors were chosen to
assess whether any associations in the use of appropriate
matched methods emerged across the included studies
and to be consistent with a prior similar study in an epi-
demiology journal [13]. Journals were compared in ref-
erence to the Journal of Bone and Joint Surgery. We
analyzed year of publication and rank according to impact
factor as ordinal variables. Number of controls per case
and number of matching factors were analyzed as con-
tinuous variables. Subsequently, we used multivariable
logistic regression to identify factors associated with the
use of any appropriate matched methods. Any covariate
with a p value of less than 0.2 on univariable analysis, or
any covariate that we believed might be associated with
the use of matched methods (publication year, journal,
rank according to impact factor, and inclusion of a co-
author with statistical expertise), was included in the
multivariable model. Missing data was not a significant
issue in this study, as all articles were accessible. Only one
study did not provide the number of matching factors. All
other covariates were fully reported.

A two-sided type I error rate of 0.05 was used to indicate
statistical significance. All calculations were performed us-
ing STATA 15.0 (Stata Corp, College Station, TX, USA).

Results
Proportion of Studies Using Matched Methods

Of the 83 case-control studies, 30 (36%) used appropriate
analyses throughout, 11 (13%) used matched analyses
for multivariable but not univariable analyses, and 42
(51%) used only unmatched analyses, which we consid-
ered inappropriate. For the purpose of our analysis, these
studies were dichotomized into those that used any matched
analysis (n = 41 [49%]) and those that did not (n = 42
[51%]). One study justified the use of unmatched anal-
yses as a result of minimal dependence within matched
groups [9]. This study matched patients based on surgeon
and surgery date only, leading to reportedly highly var-
iable demographic characteristics within matched groups
and therefore minimal statistical dependence. Such jus-
tification is helpful in allowing the reader to determine
whether data dependence was considered; however, no
other studies that used unmatched methods provided a
similar justification.
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Study Factors Associated with the Use of
Matched Methods

After controlling for the number of controls per case and
publication year, we found that the inclusion of a statisti-
cian coauthor (OR, 3.6; 95% CI, 1.4-20.3; p = 0.01) and
journal remained associated with the use of appropriate
methods (Table 3). Rank according to impact factor was
not included in the multivariable analysis due to collin-
earity with journal; of note, rank according to impact factor
was not associated with the use of matched methods on
univariable analysis.

Discussion

The use of appropriate statistical methods is critical to
ensuring that study results are precise and valid. Most
matched orthopaedic case-control studies rely on pair
matching or small matched sets, therefore necessitating the

Table 3. Multivariable analysis of associations between
characteristics of included studies and the appropriate analysis
of matched data (n = 83)

Study characteristic OR (95% ClI) p value
Journal 0.01

Journal of Bone and Joint ref

Surgery

American Journal of Sports 0.22 (0.04-1.23)

Medicine

Arthroscopy 0.04 (0.003-0.46)

Clinical Orthopaedics and 0.05 (0.004-0.46)

Related Research®

Knee Surgery, Sports 0.46 (0.07-2.97)

Traumatology, Arthroscopy

Bone & Joint Journal 0.19 (0.02-1.95)

The Spine Journal 0.86 (0.05-13.67)

Acta Orthopaedica n/a

Journal of Arthroplasty 0.06 (0.006-0.56)
Statistician coauthor 3.6 (1.4-20.3) 0.01
Year of publication 1.0 (0.8-1.2) 0.89
Number of controls per case 1.2 (0.7-2.1) 0.56

Odds ratios, confidence intervals, and p values are derived
from multivariable logistic regression analysis; for ordinal
predictor variables, such as year of publication and number of
controls per case), odds ratios are reported per unit increase;
a multiple degrees-of-freedom test was used to determine the
multivariable p value associated with journal across its
categorical variables; The Journal of Bone and Joint Surgery was
used as a reference for other odds ratios; both studies from
Acta Orthopaedica correctly used matched methods; therefore,
no odds ratio could be calculated. Cl = confidence interval;
OR= odds ratio; ref = reference group.
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use of matched statistical tests to control for data de-
pendence between matched cases and controls. However,
to our knowledge, the proportion of orthopaedic case-
control studies using matched statistical tests has not pre-
viously been documented, despite the utility of this study
design in answering clinical research questions that may
not be easily answered in other ways. In this review of 83
orthopaedic case-control studies published over the past 10
years, we found that most matched case-control studies
used unmatched statistical methods. Moreover, we found
that the use of matched methods was associated with the
inclusion of an author with statistical expertise, which
points to an intervention that clinician-scientists can use to
ensure the appropriateness of their statistical analysis.
Our study has limitations. First, it is important to ac-
knowledge that in matched case-control studies in which
there are many subjects per matched stratum or minimal
dependence among matched subjects, it may not be nec-
essary to use matched analyses and it may, in fact, be
preferable to use an ordinary unmatched stratified analysis
[15]. Although this may hold true in select circumstances,
most studies in orthopaedics are matched at or near the
individual level with sparse data within strata and therefore
should be analyzed using matched methods. This was true
in our study sample in which most studies matched at the
individual level, necessitating a matched analysis. Addi-
tionally, our methodology of classifying authors with
biostatistical expertise is imperfect. Most studies had
coauthors who clearly did or did not have credentials
consistent with biostatistical expertise. Specifically, 30
studies had authors with either an advanced degree in sta-
tistics or an affiliation with a department of biostatistics or
epidemiology. Similarly, 44 studies had authors with no
advanced degrees in statistics and no affiliations with a
department of biostatistics or epidemiology. A subset of
studies (n = 9) had authors with MD/PhDs whose PhDs
were not clearly identifiable. It is possible that some of
these authors, as well as authors without other advanced
graduate degrees or biostatistical affiliations, may indeed
have relevant biostatistical expertise. Although this is an
important limitation of our study, we do not feel that this
detracts from the overarching finding that including indi-
viduals with advanced biostatistical training can help
researchers ensure that their methods are statistically rig-
orous and correct for the type of analysis being performed.
Additionally, we relied on a sample of matched case-
control studies from 10 orthopaedic journals over a 10-year
period. Although it is possible that including additional
studies from other orthopaedic journals or using a longer
time period would change our findings, we believe that our
sample is sufficiently large to provide an appropriate
snapshot of orthopaedic research over the past decade.
Lastly, we did not assess other study designs with matched
data that may require matched statistical methods. For
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example, matched cohort studies match exposed and un-
exposed subjects based on potential confounding factors
rather than on their outcome status [8]. Although cohort
studies are conceptually different from case-control stud-
ies, the analysis still requires matched statistical methods.
Given the relative efficiency of matched case-control
studies in orthopaedics, we limited this review to case-
control studies, but it is possible that similar findings might
be seen in matched cohort studies.

Our finding that the majority of orthopaedic case-control
studies incorrectly used unmatched tests is consistent with
two other studies that evaluated the appropriateness of
reported statistical methodologies in “core clinical jour-
nals” across various medical specialties [13] and nursing
[7] (Table 4). Unlike our study, Niven et al. [13] found
that a higher impact factor and having multiple controls
per case were both associated with the use of appropriate
methods. We did not identify differences across rank
according to impact factor in our study; however, Niven
et al. [13] used a set of 100 journals with a wider range of
impact factors, which may explain why they identified
this predictor of appropriate methodology. Similarly, we
did not identify an association between the ratio of con-
trols per case and the use of appropriate methods. Al-
though having more controls per case may lead to a more
precise effect estimate, there is no clear relationship be-
tween having more controls per case and correctly using
matched methods. They did not assess the inclusion of a
statistician coauthor, a finding that was associated with
the use of appropriate methods in our study. This finding
is not surprising, because investigators with a formal
background in biostatistics or epidemiology may be more
cognizant of the analytical differences between matched
and unmatched studies and in the appropriate analysis of
matched data. To this end, we recommend that clinician-
scientists conducting any type of analytical observational
study (including case-control, cohort, cross-sectional, and
case series) seek statistical expertise to ensure the sound-
ness and appropriateness of their analysis. Given the sub-
stantial amount of time and effort that goes into conducting
analytical observational studies, it seems reasonable to
include authors with statistical expertise to ensure that their
methods are statistically rigorous and correct for the type of
analysis being performed.

Additionally, orthopaedic clinician-researchers and
reviewers should be cognizant of a few key limitations of
matching. First, matching does not completely eliminate
confounding by the matching factor if there is a remaining
association between the matching factor and the exposure
of interest. Second, matching can introduce additional bias
by making the controls and cases more similar to each other
with respect to exposure. Matching can also reduce sample
size by excluding unmatched cases and controls within a
sample, which may lead to selection bias in the final
sample. Third, matching in a case-control study precludes
estimating the effect of the matching variable on the out-
come because the association is artificially changed
through matching. As mentioned, the major reason for
matching is not to control for confounding, but rather to
produce a more statistically efficient (precise) estimates.
Choosing the appropriate matching factors to achieve this
goal is complex. For example, matching on a factor that is
associated with the exposure only (that is, overmatching)
may decrease precision. Conversely, matching on a factor
that is associated with the outcome only (that is, un-
necessary matching) may be uneconomical without in-
creasing statistical precision. Lastly, matching on a factor
that is associated with an intermediate variable between
exposure and outcome may introduce an irreparable bias in
both a crude and matched analysis.

An unanticipated but important finding from this study
was a high degree of study misclassification. More than
100 studies were self-identified as case-control studies but
were determined to be more consistent with cross-sectional
or cohort studies. This is similar to a study of six high-
impact surgical journals, which found that only 35% of
self-identified “case-control” studies were truly case-
control studies [11]. Many of the misreported studies in
our sample retrospectively identified patients with different
exposures (for example, different interventions or different
comorbidities) and assessed outcomes between exposed
and unexposed groups. This study design is more consis-
tent with a retrospective cohort study than a case-control
study. The high degree of study misclassification in our
sample suggests a need to more clearly outline differences
between observational study designs in orthopaedic re-
search. Study misclassification threatens the clarity of a
study by misrepresenting its primary aim. For example, the

Table 4. Comparison of our study results and other similar studies in the medical literature

Characteristic

Current study

Niven et al. [14] Conway et al. [7]

Subject area Orthopaedics Core clinical specialties Nursing
Number of studies reviewed 83 37* 41
Number (%) of studies using 42 (51%) 21 (57%) 31 (76%)

unmatched methods

*Only one of 37 studies reviewed was published in an orthopaedic journal.
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overarching objective of case-control studies is to identify
exposures (risk factors) associated with specific outcomes.
Assessing the incidence of different outcomes across ex-
posure groups is not possible with case-control studies, as
these studies, by definition, start by identifying groups of
individuals with and without a given outcome of interest.
Portraying a retrospective cohort study as a case-control
study suggests that a study’s primary aim is to evaluate
possible risk factors for a specific outcome, even though
the authors may have actually intended to assess differen-
tial risk of outcomes across groups with different risk
factors. Additional studies should be performed to more
thoroughly characterize the degree of study mis-
classification in orthopaedics and the extent to which that
misclassification may affect readers’ interpretations of the
data. Furthermore, matching represents one of several po-
tential pitfalls associated with case-control studies. Sackett
et al. [17] described 35 biases arising from case-control
analyses. A followup study evaluating the degree to which
orthopaedic case-control studies acknowledge and account
for these various sources of bias would be both helpful in
contextualizing past research as well as ensuring higher
quality analyses in future orthopaedic work.

The present analysis demonstrated that most matched
case-control studies in high-impact orthopaedic journals
used inappropriate statistical methods. Importantly, given
that problems with matched methods were seen across the
full span of the study period and in all the journals we
evaluated, orthopaedic investigators, reviewers, and jour-
nal editors should be aware of statistical tests for matched
data and, when necessary, consult individuals with exper-
tise in biostatistics to obtain more statistically efficient and
potentially less-biased findings.
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