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Background: The number and quality of well-designed scientific studies in the orthopaedic literature are limited.
The purpose of this review was to determine the methodological qualities of published meta-analyses on orthopaedic-
surgery-related topics.
Methods: A systematic review of meta-analyses was conducted. A search of the Medline database provided lists
of meta-analyses in orthopaedics published from 1969 to 1999. Extensive manual searches of major ortho-
paedic journals, bibliographies of major orthopaedic texts, and personal files identified additional studies. Of 601
studies identified, forty met the criteria for eligibility. Two investigators each assessed the quality of the studies
under blinded conditions, and they abstracted relevant data.
Results: More than 50% of the meta-analyses included in this review were published after 1994. We found that
88% had methodological flaws that could limit their validity. The main deficiency was a lack of information on the
methods used to retrieve and assess the validity of the primary studies. Regression analysis revealed that meta-
analyses authored in affiliation with an epidemiology department and those published in nonsurgical journals
were associated with higher scores for quality. Meta-analyses with lower scores for quality tended to report posi-
tive findings. The meta-analyses that focused upon fracture treatment and degenerative disease (hip, knee, or
spine) had significantly lower mean quality scores than did meta-analyses that examined thrombosis prevention
and diagnostic tests (p < 0.05).
Conclusions: The majority of meta-analyses on orthopaedic-surgery-related topics have methodological limita-
tions. Limitation of bias and improvement in the validity of the meta-analyses can be achieved by adherence to
strict scientific methodology. However, the ultimate quality of a meta-analysis depends on the quality of the pri-
mary studies on which it is based. A meta-analysis is most persuasive when data from high-quality randomized tri-
als are pooled.

ystematic literature reviews are useful for synthesizing
the results of multiple primary investigations with use
of strategies to limit bias and random error1-4. A quan-

titative systematic review, or meta-analysis, is a review in
which statistical methods are used to combine the results of
two or more studies. All systematic reviews are retrospective
and observational. Therefore, they are subject to systematic
and random error1. Thus, the quality of a systematic review,
and accordingly its validity, is dependent upon the scientific
methods that have been used to minimize error and bias.

A well-conducted meta-analysis is invaluable for sur-
geons since it is unusual for single studies to provide defini-
tive answers to clinical questions. Moreover, a well-conducted
quantitative review may resolve discrepancies between stud-
ies with conflicting results2. Guiding principles in the con-
duct of meta-analyses include use of a specific health-care
question, use of a comprehensive search strategy, assessment
of the reproducibility of study selection, assessment of the

study validity, evaluation of heterogeneity (differences in
effect across studies), inclusion of all relevant and clinically
useful measures of treatment effect, and tests of the robust-
ness of the results relative to features of the primary studies
(sensitivity analysis)5.

The popularity of systematic reviews has resulted in a
500-fold increase in the number of published meta-analyses in
the past decade6,7. Unfortunately, the increased use of this re-
search tool has not always been accompanied by an apprecia-
tion of the importance of scientific methodology. Without
such methodology, meta-analyses can produce inaccurate, bi-
ased, and misleading estimates of the effectiveness of a particu-
lar surgical or medical intervention8-11, which may have serious
implications in terms of the quality and cost of patient care. In
an effort to improve the quality of reporting, many authors
have described sources of bias in the conduct of meta-analyses
and an instrument has been developed to grade the scientific
quality of such studies12,13.
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Orthopaedic surgeons must be aware of the limitations
and risks of meta-analyses and must strive to limit bias. Sim-
ilarly, journal editors must ensure that the meta-analyses
that they publish adhere to accepted scientific methodology.

Given the increased use of meta-analyses in orthopae-
dics, we performed a systematic review of the literature to
identify meta-analyses on orthopaedic-surgery-related topics.
Our purpose was threefold: (1) to assess the evolution of the
scientific quality of meta-analytic research in orthopaedic
surgery, (2) to evaluate potential prognostic variables that are
associated with the quality of a meta-analysis, and (3) to as-
sess our ability to reliably score meta-analyses with use of a
quality index.

Materials and Methods
Eligibility Criteria
In order to be included in our study, each meta-analysis had to
meet the following criteria: (1) the study had to be described
as a “meta-analysis,” or, if not, statistical pooling of the results
had to have been conducted; (2) primary studies included in
the meta-analysis had to have direct relevance to the practice
of orthopaedic surgery (that is, they had to involve subjects
such as the prevention of thromboembolism, arthroplasty, the
spine, trauma, pediatrics, sports medicine, and the upper ex-
tremity); and (3) the study had to have been published or ac-
cepted for publication.

Study Identification
A computerized Medline search was conducted for the pe-
riod from 1969 to 1999 with use of the following terms and
Boolean operators: “meta-analysis” OR “meta-anal: (text-
word)” OR “quantitativ: review:” OR “quantitativ: over-
view:” AND “orthopaedics” OR “spine” OR “fractures” OR
“arthroplasty” OR “pediatrics” OR “hip” OR “knee.” The
Cochrane Database for Systematic Reviews was also searched
to identify any additional studies that may have been pub-
lished in the orthopaedic literature. The bibliography of
each meta-analysis was reviewed by two of us for additional
relevant studies. In addition to bibliographic searches, three
of us manually searched the last five years of issues pub-
lished by five major orthopaedic journals (The Journal of
Bone and Joint Surgery: American and British Volumes, Clini-
cal Orthopaedics and Related Research, Spine, and Acta Ortho-
paedica Scandinavica). This sample of journals was thought
to adequately represent the general sources of information
used by most orthopaedic surgeons in North America and
Europe. The proceedings for selected specialist meetings
(the American Academy of Orthopaedic Surgeons, the Or-
thopaedic Trauma Association, and the Canadian Orthopae-
dic Association) and textbooks also were searched manually.
Finally, content experts (that is, those with an interest in
meta-analysis) were asked to identify additional studies that
may have been missed by our search strategy. Any relevant
meta-analysis identified from the proceedings was rechecked
to ensure that it had been accepted for publication. When-
ever a meta-analysis appeared to be eligible by its title alone,
the complete article was retrieved.

Assessment of Methodological Quality
Each eligible meta-analysis was independently reviewed by two
of us, surgeons with training in epidemiology, for methodo-
logical quality. Both authors were blinded to all specific meta-
analytic information except the methods section. The Oxman
and Guyatt index was utilized to score the methodology of
the meta-analyses12,13 (Appendix). Briefly, this index contains
ten items, the last of which is an overall interpretation of the
study that rates it as one that contains minimal flaws, minor
flaws, major flaws, or extensive flaws. This index was designed
to evaluate the scientific quality (that is, adherence to scientific
principles) of research overviews, including meta-analyses,
published in the literature. It is not intended to measure liter-
ary quality, importance, relevance, originality, or other attri-
butes of overviews. No specific training in the use of this
instrument was obtained; however, the guidelines for scoring
with use of this index were carefully reviewed by two of us. Any
discrepancies in scoring between the reviewers were resolved
by consensus. Additional information from the meta-analyses
was occasionally requested to resolve disagreements in scoring.

Data Extraction
For each of the eligible meta-analyses, the relevant data were
abstracted by one of us and were rechecked for accuracy by
another. Specifically, we abstracted the following informa-
tion: (1) the affiliation of the first author (surgical depart-
ment, department of epidemiology, or medical), (2) citation
of a degree (MSc, PhD, or MPH) in epidemiology or biostatis-
tics as a surrogate of affiliation in an epidemiology depart-
ment for any author (yes or no), (3) the name of the journal,
(4) the year of publication, (5) the number of primary studies
included in the review, (6) the total number of cases in the
meta-analysis, (7) the type of study (a comparison of inter-
ventions, a report on a single intervention, an assessment of
a diagnostic tool, or other), (8) the name of the interven-
tion, (9) the category of the intervention (fracture treatment,
treatment of degenerative disease of the spine or joints, evalu-
ation of a diagnostic test, thrombosis prevention, or miscel-
laneous), (10) the region (spine, hip, knee, femur, tibia, or
other), (11) financial support (none stated, non-peer-reviewed
grant, government grant, charity, or internal funds), (12) the
design of the primary studies (randomized double-blind,
quasi-randomized, observational, or mixed), (13) the descrip-
tion of the methods used to identify the primary studies, (14)
the rationale for statistical pooling (described or not de-
scribed), (15) the method of statistical pooling, and (16) the
direction of the results (positive if the findings of the meta-
analysis were significant or negative if no significant differ-
ences between variables were reported).

We arbitrarily defined five major categories of meta-
analyses: fracture treatment, treatment of degenerative disease
of the spine or joints, thrombosis prevention, evaluation of a
diagnostic test, and miscellaneous.

Assessment of Reviewer Agreement
The kappa statistic, a measure of chance-corrected agreement,
provided most estimates of agreement between reviewers for
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titles and methods sections of poten-
tially relevant meta-analyses. Studies by
Fleiss14 and by Donner and Klar15 pro-
vided persuasive arguments favoring the
use of this statistic over other measures
of agreement. For variables with more
than two categories, we used weighted
kappa with quadratic weights, which
yields values identical to intraclass cor-
relation coefficients. We chose an a priori
criterion of kappa = 0.65 or greater for
adequate agreement16.

Data Analysis
Prior to analyzing the data, we devel-
oped hypotheses regarding the associa-
tion between the overall quality and the
results of the meta-analysis. Specifically,
we hypothesized that meta-analyses with
lower quality scores would be more
likely to produce a positive result. The
extents to which the meta-analyses ful-
filled each item on the Oxman and
Guyatt index were compared with use

of the chi-square test. Moreover, rela-
tionships between the overall quality
score and the results of the meta-analyses
were evaluated with use of the chi-
square test. The mean quality scores of
the five categories of meta-analyses were
compared with analysis of variance. A
univariable regression analysis was used
to identify the important factors influ-
encing the methodological quality of a
meta-analysis. We examined the effect
of a number of independent variables
(affiliation with an epidemiology de-
partment, type of journal [surgical or
nonsurgical], date of publication, finan-
cial support, design of the primary stud-
ies, and category of intervention) on the
dependent variable (an overall quality
score of 1 to 7 points). The variables that
revealed a significant association with
the quality of the meta-analysis in the
univariable analysis were used in a mul-
tiple regression model. The results from
this analysis were reported as coefficients

with 95% confidence intervals. For all
statistical analyses, a p value of less than
0.05 was considered significant.

Results
Study Identification
Six hundred and one potentially rele-
vant citations were identified: 577
(96%) were identified from computer-
ized searches; nineteen (3%), from re-
views of bibliographies; three (less than
1%), from content experts; and two (less
than 1%), from reviews of proceedings.
The application of the criteria for eligi-
bility eliminated 410 studies that were
not meta-analyses, 150 studies that did
not focus on the field of orthopaedic
surgery, and one study in a proceeding
of an annual orthopaedic meeting that
was not accepted for publication. Thus,
forty meta-analyses met all of the in-
clusion criteria: thirty-one (78%) were
identified from computerized database
searches; six (15%), from bibliography
searches; three (7.5%), from content ex-
perts; and one (2.5%) was from a search
of proceedings. Agreement between re-
viewers with respect to the eligibility
of the meta-analyses was substantial
(kappa = 0.75).

Characteristics of the Meta-Analyses
We were unable to identify any meta-
analyses published prior to 1984. The
number of meta-analyses in orthopae-
dic surgery increased from 1984 to 1999,
and twenty-six (65%) of the forty studies
were published, or had been accepted
for publication, within the last five years
(Fig. 1). The forty meta-analyses were
published in twenty-nine different jour-
nals, 50% of which were surgical jour-
nals (Table I). Fourteen of the first
authors were affiliated with surgical
epartments, whereas twenty-six were
not. In nineteen (48%) of the forty meta-
analyses, at least one author had cited
training in epidemiology (MSc, MPH,
or PhD). The meta-analyses pooled a
mean of forty-three primary studies
(range, two to 130 studies). In twenty-
three meta-analyses (58%), the total
number of patients pooled was re-
ported, and this number ranged from
fifty-five to 13,478. In most (thirty;
75%) of the meta-analyses, two or more
interventions were compared. Five cate-

Fig. 1

Graph showing the number and quality of published meta-analyses over time. A dramatic 

increase occurred in the number of meta-analyses published during the last ten years, but the 

mean quality scores for these meta-analyses did not change. The data for quality scores are 

given as the mean and the standard error of the mean.
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gories of meta-analyses were identified: (1) fracture treatment
(eleven studies; 28%), (2) treatment of degenerative joint dis-
ease (eleven), (3) prevention of deep venous thrombosis in or-
thopaedic patients (eleven), (4) evaluation of a diagnostic test
(five; 13%), and (5) miscellaneous (two; 5%). The primary
studies included in the forty meta-analyses were most often
randomized (in eighteen meta-analyses; 45%) or a mix of ran-
domized and observational studies (in sixteen meta-analyses;
40%). Exclusive inclusion of observational primary studies or
the inclusion of quasi-randomized primary studies occurred
less frequently (in three meta-analyses [7.5%] each).

Methods of Statistical Pooling
Thirteen (33%) of the meta-analyses incorporated simple sum-
mation as the pooling method (Table II). Moreover, only seven-
teen meta-analyses (43%) evaluated the appropriateness of the
pooling of the primary studies with a test of heterogeneity.

Scientific Quality (Item 10)
The level of agreement between reviewers in assessing the
quality of the meta-analyses was substantial (kappa = 0.71;
95% confidence interval, 0.41 to 0.85). The mean score (and
standard error of the mean) for the overall quality (item 10) of
the forty meta-analyses was 4.2 ± 1.78 points. We found that
88% (thirty-five) of the meta-analyses were observed to have
methodological flaws, and thirteen (37%) of the thirty-five
were considered to have major-to-extensive flaws. The main
deficiency was the lack of information on the methods used to
retrieve and assess the validity of the primary studies. Figure 2
illustrates the distribution of the meta-analyses with respect to
the quality scores, which ranged from 1 to 7 points, and Figure
3 demonstrates the mean quality scores for each category of
meta-analysis. Significant differences were observed among
the categories with respect to the mean quality scores. The
meta-analyses that focused on fracture treatment and degen-
erative disease (hip, knee, or spine) had significantly lower
mean quality scores than did the meta-analyses involving
thrombosis prevention or the evaluation of diagnostic tests
(p < 0.05). Moreover, while the number of meta-analyses pub-
lished from 1984 to 1999 increased, the mean quality score did
not change over time (Fig. 1). When the overall quality score
was compared with the results of the meta-analysis, it was
found that higher-quality meta-analyses were less likely to
produce a “positive” conclusion (Table III).

Association with Scientific Quality (Item 10)
We performed a multiple regression analysis to determine
the association between potential prognostic variables (affilia-
tion of an author with an epidemiology department, type of
journal, date of publication, financial support, design of the
primary studies, and category of the intervention) and the
quality of the study (Table IV). Univariable analysis, in which
each variable is examined independently of the others, re-
vealed that the affiliation of an author with an epidemiology
department, type of journal, category of the intervention, and
design of the primary studies were significantly associated
with the quality of a meta-analysis. However, only the journal
type was shown to have a significant association with scientific
quality on multivariable analysis, in which all of the variables
were considered together. Affiliation with an epidemiology
department approached significance in predicting overall sci-
entific quality. Overall, the four variables accounted for more
than 47% (r = 0.68, p < 0.01) of the total variation in the de-
pendent variable, meta-analysis quality.

Individual Item Scores (Items 1 through 9)
The kappa statistic for interobserver agreement between the re-
viewers with respect to the scoring of items 1 through 9 ranged
from 0.48 to 0.84. Disagreements were generally related to an
oversight by one of the reviewers and were easily resolved. The
percentage of meta-analyses that received a full score for each
item ranged from 43% to 83% (Table V). A full score meant
that, for a particular item, the reviewer answered “yes” (Ap-
pendix). Alternatively, if the meta-analysis did not fulfill the
item, or if the reviewer could not ascertain the information

TABLE I Number of Studies per Journal

Journal
No. of

Meta-Analyses

Acta Orthopaedica Scandinavica 3

AJR: American Journal of Roentgenology 1

American Journal of Emergency Medicine 1

American Journal of Medicine 1

American Surgeon 1

Annales Chirurgiae et Gynaecologiae 1

Annals of Internal Medicine 1

Archives of Internal Medicine 1

Australian and New Zealand Journal
of Medicine

1

BMJ: British Medical Journal 1

Chest 1

Clinical Journal of Sports Medicine 1

Clinical Orthopaedics and Related
Research

1

European Spine Journal 1

Haemostasis 1

International Orthopaedics 1

JAMA: Journal of the American
Medical Association 

2

Journal of Arthroplasty 2

Journal of Bone and Joint Surgery
(American)

2

Journal of General Internal Medicine 2

Journal of Hand Surgery 1

Journal of Orthopaedic Trauma 1

Lancet 1

New England Journal of Medicine 1

Orthopedics 1

Physical Therapy 1

Seminars in Thrombosis and Hemostasis 1

Spine 5

Thrombosis and Haemostasis 2

Total 40
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from the meta-analysis, it was labeled as “no” or “can’t tell.”
Items 4, 5, and 6, which focused on bias in the selection of pri-
mary studies and validity assessments, were fulfilled by less
than 50% of the meta-analyses. Meta-analyses with negative or
uncertain conclusions were more likely to have avoided
bias in the selection of primary studies (item 4, p = 0.008) and
to have appropriately combined their results (item 8, p = 0.01).

Discussion
e conducted a systematic review of the literature to
identify meta-analyses that focused on issues relevant to

orthopaedic surgery. The relatively large number of meta-
analyses across a variety of journals indicates the widespread
influence of orthopaedic surgery in both surgery and medi-
cine. We limited bias in the selection of meta-analyses by con-
ducting the process in duplicate and by scoring the quality of
the meta-analyses in an independent, blinded fashion. Given
the meta-analyses assessed in this systematic review, there is
evidence to suggest that most meta-analyses in orthopaedic
surgery are limited by methodological flaws.

Strengths of Inference from Meta-Analysis
Organizing information about surgical treatments in a useful
way is a major challenge for all who are involved in health
care. Much of this information comes from observational re-
search methods. To reduce bias, the randomized, controlled
trial has been developed as a more valid method for compar-
ing treatment effects17-19. However, even randomized trials may
not answer specific questions because of weaknesses in their
design or, more commonly, because they are not of adequate
statistical power to detect a clinically important treatment ef-
fect. Meta-analyses of randomized trials combine data from
different studies that address a similar question, with use of
accepted statistical methods, to obtain more reliable estimates
of treatment effects7,20. The methodology of meta-analyses dif-
fers from that of narrative literature reviews in a number of
ways: (1) meta-analyses often address a focused clinical ques-
tion, (2) they involve a comprehensive and explicit search
strategy, (3) the selection of articles is based upon a set of eli-
gibility criteria, (4) the validity of the included studies is
assessed, and (5) a quantitative summary of the data (or a meta-
analysis) is conducted1. These are, in essence, the same steps
that we followed in our systematic review of meta-analyses.

The strength of inference from a meta-analysis is only

as good as the quality of the primary studies and the scien-
tific rigor with which the meta-analysis was conducted. Meta-
analyses that pool data from nonrandomized trials are subject
to all of the limitations of the primary studies. Thus, in effect,
combining the results of nonrandomized studies may result in
a grossly biased pooled estimate of effect. However, prospective
cohort studies, when rigorously conducted, can provide useful
information when randomized trials are not feasible or avail-
able. Since the majority of the orthopaedic literature is derived
from observational (nonrandomized and retrospective) stud-
ies, the inferences from meta-analyses that pool such results
may be limited.

The effect of the quality of the primary studies included
in meta-analyses has been well reported21,22. Moher et al. found
that lower-quality primary studies tend to demonstrate larger
estimates of treatment effect than do those of higher quality22.
Only 43% of the meta-analyses included in the current system-
atic review pooled exclusively randomized trials. In most cases,
a mix of randomized trials and observational primary studies
were pooled to obtain an overall treatment effect. Thus, ad-
herence to a rigorous methodology in the conduct of a meta-
analysis is important to limit additional bias, especially when
the quality of the primary studies is questionable.

Appropriateness of Statistical
Pooling in Meta-Analysis
As the term meta-analysis implies a systematic review with
statistical pooling of results, it was interesting that less than
half of the forty meta-analyses reported the rationale for pool-
ing. Statistical tests cannot compensate for lack of common
sense, clinical acumen, and biological plausibility in the de-
sign of the protocol of a meta-analysis23. Combining poor-
quality data, overly biased data, or data that do not make sense
can easily produce misleading results. The homogeneity of

W

TABLE II Methods of Pooling in Forty Meta-Analyses

Method
No. (%)

of Studies

Random effects 7 (18)

Odds ratios or Mantel-Haenszel test 7 (18)

Weighted means 5 (13)

Simple addition 13 (33)

Weighted proportions 4 (10)

Log-rank test 1 (3)

Receiver operating curves 2 (5)

Not reported 1 (3)

Fig. 2

Graph showing the percentage of meta-analyses by overall quality 

score. A score of 1 to 4 points indicated extensive or major flaws; 5 or 

6 points, minor flaws; and 7 points, minimal flaws. Approximately half 

of all of the eligible meta-analyses were found to have major method-

ological flaws.
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data from different primary studies can be assessed with use of
a statistical test of homogeneity24. Increasing confidence in the
homogeneity of the results of primary studies comes from a
similarity of their point estimates and widely overlapping con-
fidence intervals. For example, if several small randomized tri-
als all appear to favor one technique over another, and the
confidence intervals are widely overlapping, it is probable that
the studies in question are homogeneous. Statistical tests,
however, do not replace “clinical sense.” Thus, pooling is rea-
sonable if one would expect the same treatment effect, more
or less, across the range of populations, interventions, and
methodologies of the primary studies. 

The most common method of pooling in our sample was
simple addition. Some investigators have advocated against
simple collapsing of data from multiple primary studies into
one two-by-two table as the results may be misleading25. As an
example, assume that two primary studies that compared the
risks of nonunion associated with two interventions (A and B)
demonstrated widely divergent results (for example, a relative
risk of 3.0 compared with a relative risk of 0.3). If the results of
these primary studies are collapsed together into one two-by-

two table, the final result may suggest that there is no difference
between the two treatments (relative risk = 1.0). However, this
is very misleading given the fact that one study reported an in-
creased risk of nonunion with intervention A (relative risk =
3.0) and the other reported a decreased risk of nonunion with
intervention A (relative risk = 0.3).

Scientific Quality of Meta-Analyses
The use of meta-analyses to answer clinically important ques-
tions in orthopaedics has increased dramatically in the last
several years6,7. However, despite the availability of guidelines
to limit bias2-5, most of the meta-analyses included in this sys-
tematic review had methodological deficiencies that may
limit the validity of their conclusions. Only 10% of the meta-
analyses satisfied all of the categories in the Oxman and
Guyatt quality index, and 13% were given the lowest possible
score. These findings are consistent with those of Jadad and
McQuay, who reported that seventy-two (90%) of eighty
meta-analyses of analgesic interventions were flawed26.

It was interesting, but not unexpected, that meta-analyses
focusing on trauma (fracture treatment) and degenerative
disease (hip, knee, or spine) scored lower in quality than did
meta-analyses of studies on thrombosis prevention and eval-
uation of a diagnostic test. We explored the potential rea-
sons for these differences in quality. The meta-analyses on
thrombosis prevention generally pooled data from random-
ized trials, were generally authored by nonsurgeons with
some training in epidemiology, and were published prima-
rily in nonsurgical journals. Moreover, limiting bias in drug
trials (that is, those for the prevention of thrombosis) is less
difficult than it is in trials in which surgical interventions are
compared. Thus, the higher scores for quality likely reflected
the fact that drug trials were most often published in non-
surgical journals. The few meta-analyses focusing on frac-
ture treatment and degenerative disease, which scored high,
either pooled data only from randomized trials or were
authored by at least one person with training in epidemiol-
ogy. Meta-analyses in the Cochrane Database of Systematic
Reviews have been shown to be higher in scientific quality

TABLE III Quality of Meta-Analyses and Conclusions

Overall Score*
(points)

Study Conclusions 

Positive
(N = 28)

Negative or Uncertain†
(N = 12)

1 1 1

2 5 1

3 4 1

4 5 0

5 4 2

6 5 5

7 4 2

*The overall score is from item 10 of the Oxman and Guyatt
index12,13. †A negative conclusion indicates that no difference be-
tween interventions was reported or that the findings were un-
certain.

TABLE IV Factors Associated with Study Quality

Variable

Univariable Analysis Multivariable Analysis

Coefficient*
Standard Error

of Mean P Value Coefficient*
Standard Error

of Mean P Value

Affiliation with epidemiology
department 

1.92
(0.85, 2.98)

0.52 0.001 1.04
(–2.8, 3.8)

0.29 0.07

Date of publication –6.5 × 10–3

(–0.19, 0.18)
0.09 0.94 — — —

Journal type 2.28
(1.29, 3.21)

0.49 <0.001 1.86
(0.02, 3.7)

0.91 0.05

Category 0.65
(0.23, 1.08)

0.21 0.004 0.08
(–0.48, 0.64)

0.27 0.77

Funding 0.30 0.22 0.19 — — —

Design of primary studies –0.46
(–8.77, –0.04)

0.21 0.03 0.10
(–0.44, 0.65)

0.27 0.71

*The values are given as the beta coefficient, with the 95 percent confidence interval in parentheses.
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than were meta-analyses published in other sources27.
It was not surprising that the regression analysis showed

the most important predictors of the quality of a meta-analysis
to be affiliation with an epidemiology department and journal
type. The design of the primary studies and the category of the
intervention were significantly associated with quality on
univariable analysis but not on multivariable analysis. This
likely was due to the fact that there was an association between
the type of journal and the design of the primary studies in-
cluded in the meta-analyses. Primarily nonsurgical journals
(Lancet, New England Journal of Medicine, Journal of the Amer-
ican Medical Association, and Archives of Internal Medicine)
tended to publish meta-analyses that pooled data from ran-
domized trials, whereas surgical journals tended to publish
meta-analyses that pooled data from a mix of observational
primary studies and randomized trials.

There was a trend toward negative or uncertain con-
clusions in the meta-analyses with higher scores for quality.
This observation is consistent with that of Jadad and Mc-
Quay in their review of meta-analyses of studies on analgesic
interventions26.

During the validation process, Oxman et al. reported
that their index could be scored consistently by trained asses-
sors12,13. Our findings suggest that training may not be neces-
sary to obtain reliable scores between observers. Kappa values
ranged between 0.48 and 0.84 in the assessment of items 1
through 9 when the index was used by surgeons with training
in epidemiology. This observation is consistent with that of
Jadad and McQuay, who reported consistent scores among
assessors who were not trained in scoring meta-analyses that
evaluated analgesic interventions26. Since this index is simple
and has been extensively developed, we recommend it as a tool
with which to evaluate the scientific methodology of systematic
reviews, including meta-analyses, in orthopaedic surgery.

Limitations of the Current Study
While a comprehensive search of the literature was performed,
there is a possibility that potentially relevant meta-analyses
were omitted for the following reasons: (1) only meta-analyses
published in the English-language literature were identified,
(2) only published meta-analyses (or those accepted for publi-
cation) were retrieved, and (3) there is a publication bias

Fig. 3

Graph showing the mean quality scores among categories of meta-analyses. The quality scores for meta-analyses that focused upon fracture treat-

ment and degenerative joint disease (hip, knee, or spine) were found to be significantly lower than those for the meta-analyses that examined 

thrombosis prevention and diagnostic tests (p < 0.05). An asterisk indicates that the p value was less than 0.05 when the category was compared 

with either the fracture-treatment or the degenerative-disease category. The data are expressed as the mean and the standard error of the mean.
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against meta-analyses that do not have “significant” findings.
However, the meta-analyses in our study likely are a represen-
tative sample of the total number of meta-analyses in this field
that would be readily accessible to most orthopaedic surgeons.
An additional limitation, as with most meta-analyses, is the
ability to extract data from the primary studies.

In our systematic review, we used the declaration of
graduate degrees and departmental affiliations as the source
for determining the epidemiological training of the authors.
Although this represented the most feasible method, it poten-
tially missed those with training in epidemiology who do not
have a primary appointment to a department of epidemiology
or a department of public health. Similarly, the authors may
not have declared all of the sources of funding for their study.

Future Considerations
The current “respectability” of the methodology may, in part,
have facilitated the increasing use of meta-analyses. Although
it looks easy in concept, the production of a high-quality sys-
tematic review is extremely demanding. Sometimes, individu-
als with only limited knowledge of a treatment, the biology of
a disease, or the clinical circumstances relating to a specific
question may perform a meta-analysis that has little clinical
relevance. Therefore, while the statistical methodology of meta-
analysis has advanced greatly over the past decade, there also
has been an increase in meta-analyses performed with use of
suboptimal methods.

The methodological deficiencies identified in most
meta-analyses can be easily avoided in the future by ensuring
that investigators address the issues raised by each item in the
Oxman and Guyatt scoring system12,13 (Appendix). The per-
petuation of methodological flaws identified in this systematic
review will not only devalue meta-analysis as a tool to facili-
tate decision-making processes but will provide justification
for those who consider meta-analyses to be statistical trickery.
The current increase in the number of small randomized trials
in the field of orthopaedic surgery provides a strong argument

in favor of meta-analysis. However, it remains essential that
those who are planning future meta-analyses adhere to ac-
cepted methodologies and provide the best available evidence
to address sharply defined clinical questions. While the quality
of the primary studies will always be the major limiting factor
in drawing valid conclusions, the quality of the meta-analysis
is also important in ensuring that the pooling of these results
is as valid and free of bias as possible. However, given the im-
portance of the quality of the primary studies, the issue of
whether one should even consider performing meta-analyses
of nonrandomized, observational studies is controversial28.
The results obtained from such meta-analyses need to be ap-
proached with great caution and with an awareness of the po-
tential limitations of the primary study designs. �

NOTE: The authors are grateful to Dr. J. Hirsh, Director of the Hamilton Civic Hospitals Research
Centre, for his suggestions regarding the manuscript.

TABLE V Quality Scores (Items 1 through 9) and Study Conclusions*

Item
Interobserver
Agreement

Total No. (%) of Meta- 
Analyses Fulfilling

Each Criterion

No. (%) of Meta-Analyses
Fulfilling Each Criterion

Positive
Conclusion*

(N = 28)

Negative or
Uncertain Conclusion†

(N = 12) P Value

1 0.75 33 (83) 22 (79) 11 (92) 0.30

2 0.70 29 (73) 21 (75) 8 (67) 0.64

3 0.78 31 (78) 21 (75) 10 (83) 0.53

4 0.48 17 (43) 8 (29) 9 (75) 0.008

5 0.84 19 (48) 13 (46) 6 (50) 0.75

6 0.58 18 (45) 13 (46) 5 (42) 0.96

7 0.65 28 (70) 18 (64) 10 (83) 0.20

8 0.55 25 (63) 14 (50) 11 (92) 0.01

9 0.48 26 (65) 18 (64) 8 (67) 0.82

*The percentages were derived by dividing the number of studies fulfilling each criterion by the total number of studies with a positive conclu-
sion. †The percentages were derived by dividing the number of studies fulfilling each criterion by the total number of studies with a negative
conclusion.
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Appendix

Index of Scientific Quality for Research Overviews12,13 Instructions for Scoring the Index
The purpose of this index is to evaluate the scientific quality
(that is, adherence to scientific principles) of research overviews
(review articles) published in the medical literature. It is not in-
tended to measure literary quality, importance, relevance, origi-
nality, or other attributes of overviews.

The index is designed to assess overviews of primary (origi-
nal) research on pragmatic questions regarding causation, diagno-
sis, prognosis, therapy, or prevention. A research overview is a
survey of research. The same principles that apply to epidemiologi-
cal surveys apply to overviews: a question must be clearly specified,
a target population must be identified and assessed, appropriate in-
formation must be obtained from that population in an unbiased
fashion, and conclusions must be derived, sometimes with the help
of a formal statistical analysis, as is done in meta-analysis. The
fundamental difference between overviews and epidemiological
surveys is the unit of analysis, not the scientific issues that the ques-
tions in this index address.

Since most published overviews do not include a methods
section, it is difficult to answer some of the questions in the in-
dex. The answers should be based, as much as possible, on infor-
mation provided in the overview. If the methods that were used
are reported incompletely relative to a specific item, score that
item as “partially.” Similarly, if no information is provided re-
garding the methods used relative to a particular question, score
it as “can’t tell,” unless there is information in the overview to
suggest whether or not a criterion was met.

For question 8, if no attempt was made to combine the
findings and no statement is made regarding the inappropriate-
ness of combining the findings, check “no.” If a summary estimate
is given anywhere in the abstract, the discussion, or the summary
section of the paper and the method used to derive the estimate is
not reported, mark “no,” even if there is a statement regarding the
limitations of combining the findings of the studies reviewed. If in
doubt, mark “can’t tell.”

For an overview to receive a “yes” on question 9, data (not
just citations) must be reported that support the main conclu-
sions regarding the primary question or questions that the over-
view addresses.

The score for question 10, the overall scientific quality,
should be based on the answers to the first nine questions. If the
“can’t tell” option is used one or more times on the preceding
questions, a review is likely to have minor flaws at best, and it is
difficult to rule out major flaws (that is, a score of 4 points or less).
If the “no” option is used in question 3, 4, 6, or 8, the review is
likely to have major flaws (that is, a score of 4 points or less, de-
pending on the number and degree of flaws).

1. Were the search methods used to find evidence (original re-
search) on the primary question or questions stated?

No Partially Yes

2. Was the search for evidence reasonably comprehensive?

No Can’t tell Yes

3. Were the criteria used for deciding which studies to include in
the overview reported?

No Partially Yes

4. Was bias in the selection of studies avoided?

No Can’t tell Yes

5. Were the criteria used for assessing the validity of the included
studies reported?

No Partially Yes

6. Was the validity of all of the studies referred to in the text as-
sessed with use of appropriate criteria (either in selecting the
studies for inclusion or in analyzing the studies that were
cited)?

No Can’t tell Yes

7. Were the methods used to combine the findings of the relevant
studies (to reach a conclusion) reported?

No Partially Yes

8. Were the findings of the relevant studies combined appro-
priately relative to the primary question that the overview
addresses?

No Can’t tell Yes

9. Were the conclusions made by the author or authors supported
by the data and/or analysis reported in the overview?

No Partially Yes

10. How would you rate the scientific quality of this overview?

Extensive
Flaws

Major 
Flaws

Minor 
Flaws

Minimal 
Flaws

1 2 3 4 5 6 7
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