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ABSTRACT

Introduction: The Journal of Bone and Joint
Surgery (JBJS-Am) began publishing the level of
evidence (LOE) for manuscripts in 2003. From
1975 to 2005 JBJS-Am saw a trend towards higher
leveled studies. We aimed to demonstrate trends
in the country of origin of manuscripts published in
JBJS-Am, and hypothesized that not only were more
publications coming from groups outside of North
America, but that the studies originating within North
America were of higher LOE.

Methods: All articles published in The Journal of
Bone and Joint Surgery (American) in 1980, 1985,
1990, 1995, 2000, 2005, and 2010 were indepen-
dently evaluated by two reviewers and graded based
on country, LOE (using the JBJS-Am LOE guidelines),
and study type. For articles published after 2003
we used the level and study type published within
the manuscript.

Results: The proportion of publications from
North America decreased in 2005 and 2010 when
compared to the previous 20 years (p=.03), but the
overall number of publications appeared stable. Over-
all, there was an increase in Level I (r=.74, p=.03),
Level II (r=.79, p=.02), and Level III (r=.95, p<.001)
evidence studies. There was a statistically significant
decrease in North American Level IV studies (r=-.81,
p=.01) and an increase in international Level IV
studies (r=.70, p=.04). International groups have
increased therapeutic (r=.86, p<.01) and diagnostic
studies (r=.93, p<.001). In North America and in-
ternationally, prognostic studies have not changed.
North American groups have increased economic and
decision analysis research (r=.69, p=.04).
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Conclusions: Over the past 30 years JBJS-Am has
become more internationally diverse. International
groups are publishing more therapeutic and diagnos-
tic research than in the past, while North American
groups have increased economic and decision analysis
research. There has been a global effort towards
higher leveled research.

INTRODUCTION

The Journal of Bone and Joint Surgery (JBJS-Am)
began publishing the level of evidence (LOE) for manu-
scripts in 2003, an idea developed in the 1980s by Sack-
ett?. JBJS-Am uses five tier-levels for each of four study
content types: therapeutic, prognostic, diagnostic, and
economic and decision analysis. LOE is derived from
evidence-based medicine, a philosophy which promotes
physicians and surgeons acting in the best interest of
their patients and making recommendations founded in
the best available data®. Publishing the study type and
LOE with each manuscript helps the reader understand
the quality of the research presented*®. The JBJS-Am sys-
tem is easily understandable; epidemiologically trained
reviewers can use the system with high reliability and
individuals without such training can use it proficiently*®.

Previous studies have shown greater number of inter-
national publications found in major research journals®.
In addition, journals such as JBJS-Am saw a trend towards
higher leveled studies between 1975 and 2005". In light
of seemingly fewer contributions from North America, we
questioned if this would be associated with higher LOE
studies, particularly since the system was implemented
and published in 2003. To our knowledge, no study has
previously investigated trends in the country of origin of
manuscripts published in JBJS-Am. We hypothesized that
a greater number of manuscripts have been published
from groups outside of North America, and that the stud-
ies originating within North America were of higher LOE.

MATERIALS AND METHODS

Study Design:

All articles published in The Journal of Bone and Joint
Surgery (American) in the years 1980, 1985, 1990, 1995,
2000, 2005, and 2010 were reviewed. Articles listed as
Basic Science, Cadaver Studies, Editorials, Continuing
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Table 1: Number of articles published by year and grouped by geographic location.

Year Total
1980 1985 1990 1995 2000 2005 2010
Continent North America 83 91 102 83 65 112 82 618
Europe 3 8 10 12 11 29 34 107
Asia 3 5 8 2 8 26 22 74
South America 0 0 0 0 0 1 0 1
Africa 1 0 0 0 0 0 1
Australia/New Zealand 1 1 1 0 3 4 11
Collaborative 0 1 0 0 1 4 3 9
Total 91 106 121 97 88 173 145 821
T e e Statistical Analysis:
o Statistics were performed with SPSS (Statistical Pack-
o ages for the Social Sciences) 18 (International Business
o Machines, Armonk, NY, USA). The total number of
o~ studies were summed by year and separated by LOE
, e and then by geographic location. Pearson’s correlation
§ o —— coefficient was calculated by comparing the year to the
£ e sum of the variable of interest (LOE and location). A
o  vm ¢ sl Zeand separate analysis was carried out for each LOE category
e T (Level I, II, III, and IV). Pearson’s correlation coefficient
o et "'"::"_-" was calculated with one-tailed statistics as we predicted
o | — LTt e —rtar—==t increasing Level I-III data and decreasing Level IV data.
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Figure 1: Percentage of clinical publications by geographical location
and stratified by year.

Medical Education, Current Concept Reviews, and In-
structional Course Lectures were excluded from analy-
sis. The country of origin of each article was recorded.
For data analysis, countries were grouped by continent
with Australia and New Zealand classified together and
multinational studies classified as collaborative projects.
Papers published from Canada and the United States
were grouped in the North America group with papers
from other countries referred to as international. Each
article was independently assigned a LOE and study type
(therapeutic, prognostic, diagnostic, economic and deci-
sion analysis) by two of the authors with the JBJS-Am
LOE guidelines (based on the standards of the Centre
for Evidence-Based Medicine, Oxford, UK) in hand'®.
Each author was blinded to the other author’s reviews.
LOE and study type assignments were compared after
all articles were reviewed and in situations in which level
assignments differed, the two reviewers discussed each
article until an agreement was reached. Articles for
which agreement could not be reached were evaluated
by a third reviewer and assignments were made based
on the majority; if disagreement persisted, the article
was excluded from analysis. For articles published after
2003 we used the LOE and study type published in the
manuscript for data analysis.
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Statistical significance was defined as p<0.05.

RESULTS

Geographic Location and Number of Publications

A total of 1261 articles from the years 1980, 1985, 1990,
1995, 2000, 2005, and 2010 were reviewed. Of these, 821
articles met our inclusion criteria. Thirty-two countries
including the United States produced the 821 articles.

The majority of articles, 618/821 (75%), were from
North America (Table 1). In 1980, 91% of the publica-
tions in the JBJS-Am were from North America (83/91).
In 2000, 2005, and 2010, there was a decline in the pro-
portion of publications from North America (Figure 1);
the number of publications remained relatively stable.
On average, 84% (74-91%) of publications were from
North America from 1980 to 2000; in 2005 and 2010, 65%
and 57% of the articles were from North America, respec-
tively (p=.03). International contributions increased in
2005 and 2010 with Europe and Asia producing more
articles in these years (Table 1, Figure 1).

Geographic Location and Level of Evidence

There was greater than 99% agreement between the
two different independent raters when comparing the
LOE assigned to each article. Due to differing evalu-
ations, six articles were reviewed by a third reviewer;
a LOE was assigned to four articles based on majority
agreement and two articles were discarded due to three
different evaluations.
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Figure 3: Level II studies broken down by geographical location.

Overall, there were increases in Level I, II, and III
evidence and decreases in Level IV evidence from 1980
to 2010 (Appendices 1-4). Level I evidence increased
over the 30-year interval (r=.74, p =.03). When analyzed
by geographic location, there was an increase in Level I
studies from international sources (r=.84, p<.01), but no
significant increase in Level I studies from North America
(r=.57, p=.09) (Figure 2). International contributions were
largely from Europe and Asia. There was a significant
increase in the proportion of Level II (r=.79, p=.02) and
Level III (r=.95, p<.001) evidence studies from 1980 to
2010 with significant increases in both Level II and III
studies in North American (Level II: r=.75, p=.03; Level
III: r=.84, p=.01) and international publications (Level II:
r=.83, p<.01; Level III: r=.84, p=.01) (Figures 3 and 4).
However, there has been an overall trend towards fewer
Level IV studies (r=-.48, p=.14). Yet, there has been a sig-
nificant decrease in Level IV studies from North America
(r=-81, p=.01), whereas there has been an increase in
international Level IV studies (r=.70, p=.04) (Figure 5).

Geographic Location and Study Type

Of the 821 previously included articles, the reviewers
reached consensus on study type for all but one article.
Of the remaining 820 articles 590 were therapeutic, 64
were diagnostic, 161 were prognostic, and 5 were eco-
nomic and decision analyses (Table 2). There has been
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Figure 4: Level III studies broken down by geographical location.
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Figure 5: Level IV studies broken down by geographical location.

an increase in international therapeutic (r=.86, p<.01) and
diagnostic (r=.93, p<.001) publications. Neither North
American nor international countries demonstrated
changes in prognostic studies. All of the economic and
decision analyses we evaluated were from North Ameri-
can groups and they have increased this type of research
(r=.69, p=.04); no economic and decision analyses were
published from 1980 to 1995.

DISCUSSION

To our knowledge, this is the first study to analyze
publication trends in orthopaedic literature with regard to
geographic location and LOE. The principle aim of this
study was to determine changes in the number and pro-
portion of studies contributed to JBJS-Am by international
investigators. Our second goal was to detect changes in
the LOE published over the past 30 years.

Our data demonstrates that there has been a significant
increase in international contributions and that most of
these publications are from Europe and Asia. Interesting-
ly, while the proportion of North American contributions
is decreasing, the number remains constant. In a world
embracing simpler transfers of knowledge and sharing of
ideas, this suggests that rather than shrinking the impact
of North American groups in JBJS-Am, research globaliza-
tion is broadening the research published.
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Table 2: Articles grouped by study type and year.

Year Total
1980 1985 1990 1995 2000 2005 2010
Study Type | Therapeutic 64 82 82 70 68 134 90 590
Diagnostic 4 7 12 8 8 12 13 64
Prognostic 23 16 27 19 11 24 41 161
Economic and Decision 0 0 0 0 1 3 1 5
Analysis
Total 91 105 121 97 88 173 145 820

We show that globally there have been more Level I,
II, and III studies published and there has been a trend
towards decreasing Level IV studies. There are cost and
time savings by performing research in developing coun-
tries®, but since these changes were noted globally, they
likely reflect a medical culture emphasizing evidence-
based medicine in which investigators are executing
more thorough research projects to promote the best
possible patient outcomes®. It may also reflect JBJS-Am’s
position in the orthopaedic literature with a high impact
factor, as it was shown that the percentage of Level I or
II studies positively correlated with impact factor®. As
Ombresky et al. noted, achieving a higher LOE could be
achieved easily; by adding a control group, a case series
could potentially be upgraded to a Level II or III cohort
study®. However, we cannot comment on the LOE mix
of JBJS-Am submissions versus publications.

These trends are also interesting given that the
surgeon-patient encounter does not provide an ideal
research setting. Treatment studies must be random-
ized to be Level I but a common obstacle to a random-
ized controlled trial (RCT) is patient preference for one
procedure over another if they are perceived to be un-
equal in terms of benefit or side-effects. Other barriers
include the commonality of the condition being treated
surgically, lack of community equipoise, complicated
methodologies, and lack of surgical familiarity with all
studied treatment alternatives. Surgical RCTs were
deemed possible in less than 40% of cases®.

In spite of these trends, and a statically significant
decrease in Level IV studies from North America, Level
IV studies are commonly published in JBJS-Am. With
the breadth of orthopaedic knowledge growing at ever-
increasing rates, these are often necessary to publicize
new findings. A case series can be a well-designed, pro-
spective, study with well-defined inclusion and exclusion
criteria, treatment protocols, follow-up intervals, and vali-
dated outcomes measures®. It can publicize the rare con-
sequences of procedures which cannot be accomplished
with randomized and cohort studies!’; it can also be used
to present low prevalence diseases or clinical situations®.
2010 marked the first year (using our five-year cohorts)
that Level IV studies were not the most prevalent study
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published. These results lead us to believe that there is
a conscious effort to redesign research studies as well
as publish higher quality articles.

There may be further explanation for our results.
Institutional Review Boards in the US, and comparable
committees in European countries, are essential for en-
suring the ethical treatment of human subjects in medi-
cal research, but also present obstacles to performing
clinical research®. Economic, educational, and social is-
sues may facilitate research in developing countries®, and
there are nuances between the rules guiding research
within the United States and elsewhere!''3, It is possible
that these factors may account for some of our findings.

The greatest strengths of the present study are its
thoroughness and completeness. We believe that the pub-
lications included in the present study were accurately and
reliably assessed for LOE. Studies evaluating reliability
demonstrated that epidemiologic training is not necessary
to accurately and reliably asses a manuscript’s LOE*°.

There are limitations to this study. First, we used
manuscripts published in five-year cohorts. More
specific trends could be obtained by using smaller time
intervals. This study could also be conducted using ad-
ditional orthopaedic journals to determine if these trends
persist across the orthopaedic literature as a whole. It
is also important to point out that while a higher LOE
is a surrogate for higher quality research, it does not
always correspond to higher quality research. Prior
research has demonstrated substantial variability in the
quality of even Level I studies'*?, and that the quality of
Level I and Level II work is not statistically significantly
different’. Further evaluating not only the LOE but the
quality of research published would be useful.

The country of origin, LOE, and types of studies pub-
lished in JBJS-Am have changed over the past 30 years.
There have been increases in Level I, II, and III studies;
an increase in therapeutic and prognostic studies from
abroad; and an increase economic and decision analyses
from North America. There are many reasons that may
account for these changes, but the ease of information
sharing and a motivation to produce higher quality re-
search likely play major roles.
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Appendix 1: Level I studies broken down by country and year.
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Appendix 2: Level II studies broken down by country and year.

Year Total
1980 1985 1990 1995 2000 2005 2010
Country Australia 0 0 1 0 0 0 0 1
Austria 0 0 0 0 0 0 1 1
Canada 0 0 0 0 0 0 1 1
Collaborative 0 1 0 0 0 1 2 4
Denmark 0 0 0 0 0 0 2 2
France 0 0 0 0 0 1 0 1
India 0 0 0 0 0 1 0 1
Italy 0 0 0 0 1 0 0 1
Japan 0 0 0 0 1 1 3 5
New Zealand 0 0 0 0 0 0 1 1
Norway 0 0 0 0 0 0 1 1
South Korea 0 0 0 0 0 1 4 5
Switzerland 0 0 0 0 0 0 2 2
UK 0 0 0 0 0 4 2 6
USA 10 5 11 7 10 17 30 90
Total 10 6 12 7 12 26 49 122
Appendix 3: Level III studies broken down by country and year.
Year Total
1980 1985 1990 1995 2000 2005 2010
Country Canada 0 1 1 1 2 1 2 8
China 0 0 0 0 0 0 2 2
Collaborative 0 0 0 0 1 0 1 2
Denmark 0 0 0 0 0 0 1 1
Finland 0 0 1 1 0 0 0 2
France 0 0 0 0 0 1 0 1
Germany 0 0 0 0 0 0 2 2
Italy 0 2 0 0 0 0 0 2
Japan 0 0 2 1 1 1 1 6
Netherlands 0 0 0 0 0 1 0 1
Norway 0 0 0 0 0 1 2 3
South Korea 0 0 0 0 1 2 2 5
Sweden 0 0 0 0 1 0 1 2
Switzerland 0 0 0 1 1 0 0 2
Taiwan 0 0 0 0 0 1 2 3
UK 1 0 0 0 0 1 0 2
USA 9 11 15 12 13 19 15 94
Total 10 14 19 16 20 28 31 138
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Appendix 4: Level IV studies broken down by country and year.
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