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ABSTRACT

INTRODUCTION Evidence driven orthopaedics is gaining prominence. It enables better management decisions and therefore
better patient care. The aim of our study was to review a selection of the leading publications pertaining to knee surgery to
assess changes in levels of evidence over a decade.
METHODS Articles from the years 2000 and 2010 in The Knee, the Journal of Arthroplasty, Knee Surgery, Sports Traumato-
logy, Arthroscopy, the Journal of Bone and Joint Surgery (American Volume) and the Bone and Joint Journal were analysed and
ranked according to guidelines from the Centre for Evidence-Based Medicine. The intervening years (2003, 2005 and 2007)
were also analysed to further define the trend.
RESULTS The percentage of high level evidence (level I and II) studies increased albeit without reaching statistical signifi-
cance. Following a significant downward trend, the latter part of the decade saw a major rise in levels of published evidence.
The most frequent type of study was therapeutic.
CONCLUSIONS Although the rise in levels of evidence across the decade was not statistically significant, there was a significant
drop and then rise in these levels in the interim. It is therefore important that a further study is performed to assess longer-term
trends. Recent developments have made clear that high quality evidence will be having an ever increasing influence on future
orthopaedic practice. We suggest that journals implement compulsory declaration of a published study’s level of evidence and
that authors consider their study designs carefully to enhance the quality of available evidence.
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Global demand for knee surgery has risen steadily. It already
represents the largest joint reconstruction market world-
wide and is set to expand for the foreseeable future.1,2 An
ageing population and an obesity epidemic are contributing
to an increased number of referrals being made to orthopae-
dic departments. The number of hip and knee arthroplasties
being performed has increased by 300% in ten years.3,4 In
this period of financial austerity, the UK National Health
Service (NHS) is faced with the need to make substantial
savings.3 A report from 2012 entitled Getting It Right First
Time followed a review of over 200 hospitals and highlighted
significant variations in orthopaedic practice across the UK.3

This has resulted in recommendations for major organisa-
tional changes to ensure costs are minimised but not at the
expense of patient outcome. The adoption of treatments
underpinned by a strong evidence base are central to these
recommendations.

Evidence-based medicine combines the best available
research with clinical expertise so as to optimise patient

care.5,6 Having developed from clinical epidemiology, it
incorporates scientific methods (particularly the methods
of population sciences) into clinical decision making. It has
driven a transformation of clinical practice and looks to
continue this trend into the future.5

Clinical research can be divided broadly into four main
categories, namely therapeutic, prognostic, diagnostic and
economic, in accordance with the Centre for Evidence-
Based Medicine in the UK.7 Each of these categories are
then subdivided into levels of evidence, from I (high) to V
(low). Declaration of a research paper’s level of evidence
at the time of submission to a journal is on the rise and an
increasing number of journals are also declaring articles’
evidence ratings at the time of publication.8 A high degree
of interobserver agreement has been demonstrated when
the rating system is applied.9 A review of levels of evidence
across nine orthopaedic journals in 2005 showed that only
32% of the literature contained high level (I and II) and
68% contained low level (III–V) evidence.10
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In the face of rising demand, treatment underpinned by
a strong evidence base is preferred and it is therefore
prudent for knee surgeons to provide high quality evidence
to support the current best practice in their field so as to
optimise patient outcomes. The aim of this study was to
investigate in detail the levels of evidence published in five
major knee journals across a decade to identify whether
researchers have responded to calls for higher levels
of evidence. We sought to identify the volume and types of
studies, levels of evidence, geographical variation of source of
articles and interobserver agreement among the reviewers
who rated the articles.

Methods

An analysis was performed of articles published in five
journals during two time periods separated by ten years:
1 January 2000 to 31 December 2000 and 1 January 2010
to 31 December 2010. Five major journals were selected
based on their affiliations with national and international
knee societies. The journals were published in the English
language, and they had been present in print and online
for the whole duration of our included time periods.

The journals selected were: the Journal of Arthroplasty,
affiliated to the American Association of Hip and Knee Sur-
geons; The Knee, affiliated to the British Association for
Surgery of the Knee, the Australian Knee Society and the
German Knee Society; and Knee Surgery, Sports Traumatol-
ogy, Arthroscopy (KSSTA), affiliated to the European Society
of Sports Traumatology, Knee Surgery and Arthroscopy. In
addition, we included all knee related articles in two jour-
nals affiliated to major orthopaedic associations: the Jour-
nal of Bone and Joint Surgery (JBJS) and the Bone and
Joint Journal (BJJ), affiliated to the American Academy of
Orthopaedic Surgeons and the British Orthopaedic Associa-
tion respectively.

In 2013 the Journal of Bone and Joint Surgery (British
Volume) was renamed the Bone and Joint Journal. In this
paper, we have decided to simply use ‘BJJ’, regardless of
whether we are referring to the journal before or after its
name change.

In order to select the articles to be included in the study,
a PubMed search of the aforementioned journals was per-
formed, and all articles relating to knee pathology and its
treatment published in the years 2000 and 2010 were
selected. Two reviewers (KH and AC) analysed the selected
articles independently, and ranked them according to level
of evidence and type. Article type was divided into diagnos-
tic, prognostic, therapeutic and economic. The level of evi-
dence was assigned on a scale of I to V. Any disagreements
were discussed with the senior authors (TB and AG) and
the methodology described by Spindler et al was used to
reassess such papers.11 A consensus decision was then
reached regarding article evidence level or type.

All clinical studies were included. Technical tips, case
reports or expert opinion were included but classified as
level V evidence. Animal, cadaveric and basic science
articles, editorials, surveys, special topics, letters to the edi-
tor and correspondence were excluded.

In addition, the lead author (AS) performed a separate
search and analysis of level I and II articles from the
selected journals for the years 2003, 2005 and 2007. The
aim was to further define the trends in high level evidence
in the intervening years as well as to help ensure that the
results from the main two time periods did not represent
anomalies.

Statistical methods

Interobserver agreement was measured using the kappa
statistic. Kappa values were assessed using the criteria
described by Fleiss.12

Fisher’s two-sided exact test was used to compare the
proportions of the study types and levels of evidence by
year of publication as well as by journal. The chi-squared
test for trend was used to test for linear trend. Fisher’s
exact test was also used to examine the proportions of the
study types and levels of evidence by year of publication
within the five different journals.

All statistical analysis was performed using Stata/IC™
version 12.1 (StataCorp, College Station, TX, US). A p-value
of <0.05 was considered statistically significant.

Results

Overall, 657 studies were reviewed from 2000 and 2010.
After excluding animal, cadaveric and basic science studies
(n=65), 592 studies were available for analysis.

The kappa value for the interobserver reliability of study
type showed excellent agreement between the reviewers
(k=0.932, p<0.01). Interobserver reliability of levels of
evidence also showed excellent agreement between the
reviewers (k=0.750, p<0.01).

Additionally, across the intervening years 2003, 2005 and
2007, the five journals included in the study published
1,067 knee surgery related articles.

Level of evidence and study type by year of publication

Between 2000 and 2010, the overall percentage of high
level evidence studies (levels I and II) increased and that
of low level evidence studies (levels III–V) decreased
(Table 1). However, these changes were not statistically
significant (p=0.08).

There was a significantly higher proportion of level II
studies in 2010 than in 2000 (34% vs 24%, p=0.02). There
was also a significantly lower proportion of level IV studies
in 2010 than in 2000 (21% vs 32%, p=0.01) (Fig 1).

Table 1 Levels of evidence grouped into high and low
evidence by year of publication

2000 2010 p-value

High level (I–II) 65 (39%) 203 (48%) 0.08

Low level (III–V) 100 (61%) 224 (52%)

Total 165 (100%) 427 (100%)
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Examination of the intervening years revealed that there
was actually a downward trend in high level evidence
between 2000 and 2007. A chi-squared test for a linear

trend confirmed this as statistically significant (p=0.01).
It was not until 2010 that the proportion of high level
evidence increased markedly to 48% (Fig 2).
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Figure 1 The individual levels of evidence published in the included journals in 2000 and 2010 expressed as a percentage of the total
number of articles published in those years
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Figure 2 The trends between 2000 and 2010 of published high level evidence as well as the total number of articles published in the
included journals
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No significant differences in the proportions of study
types were found between 2000 and 2010 (Table 2). Thera-
peutic studies were by far the most common.

Level of evidence and study type by year and journal

No statistically significant differences were found in the
study types or levels of evidence between 2000 and 2010
for BJJ or KSSTA. Significant differences occurred in the
levels of evidence and study types in the Journal of Arthro-
plasty, JBJS and The Knee.

In 2010 the Journal of Arthroplasty had a greater propor-
tion of level II studies than in 2000 (38% vs 19%, p=0.04).
The Knee also saw a rise in the proportion of level II stud-
ies between 2000 and 2010 (from 5% to 28%, p<0.01). In
2010, JBJS had a significantly lower proportion of level IV
studies than in 2000 (10% vs 47%, p=0.01). Figure 3 illus-
trates the contributions of each journal to the number of

high and low level evidence articles in 2000 and 2010 as
well as each journal’s contributions to the number of
articles as a whole.

Geographical variation

The total number of papers included from the five journals
in the study increased from 165 in 2000 to 427 in 2010
(Table 1). The combined contribution from the UK and US
was 50% of the total volume in 2000. This figure dropped
significantly to 37% for 2010 (p=0.01). Conversely, the pro-
portion of papers from countries other than those named
individually in Figure 4 increased from 13% to 23%
(p=0.02). The proportion of total papers from the remain-
ing countries did not differ significantly.

Discussion

This study shows an overall increase in high levels of
evidence in the knee literature over the course of a decade
although this did not reach statistical significance (p=0.08).
The rise in the levels of evidence occurred in the latter part
of this decade, with evidence levels actually showing a sig-
nificant downward trend between 2000 and 2007 (p=0.01).

The proportion of high level articles in our study was
greater than that identified by Obremskey et al, who exam-
ined a cross-section of the orthopaedic literature over a
six-month period in 2003.10 A third (32%) of the studies
constituted high levels of evidence. The only knee journal
analysed in that study was the Journal of Arthroplasty,
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Figure 3 The percentage of high level evidence (I and II) versus low level evidence (III, IV and V) published in each journal across 2000
and 2010. This chart also shows the number of published studies from each journal across our main calendar years of 2000 and 2010.

Table 2 Study type by year of publication

2000 2010 p-value

Diagnostic 17 (10%) 28 (7%) 0.16

Prognostic 8 (5%) 14 (3%) 0.34

Therapeutic 139 (84%) 382 (89%) 0.09

Economic 1 (1%) 3 (1%) 0.99

Total 165 (100%) 427 (100%)
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which had 20% of articles categorised as high levels of evi-
dence. The authors excluded level V evidence articles,
however, which were included in our study. In response to
this, after excluding level V studies from our analysis, the
percentage of high levels of evidence was 46% and 59% in
2000 and 2010 respectively although our data included all
papers from the full calendar years.

A study assessing papers on spinal surgery found that
38.4% of papers had high levels of evidence but this also
excluded level V studies.13 The levels of evidence found in
our study therefore compare favourably not only with this
study but also with similar studies in foot and ankle and
paediatric surgery.14,15 We believe that the inclusion of
level V articles (which represent a large volume of the lit-
erature) provides a much more realistic cross-sectional
overview of the proportion of evidence types and as a
result, it was considered important to include them.

Additionally, the levels of evidence in the literature on
knee surgery compare favourably with those for other sur-
gical disciplines. For example, only 5.9% of studies on
plastic surgery in 2003 were reported as having a high
level of evidence and in 1993, the proportion was 5.3%.16

The fact that a high percentage of articles were level IV
and V (the most common being a therapeutic level IV
study) concurs with previous reports on the subject.8,17

There are a number of reasons cited for these findings,
including ethical barriers limiting the use of sham proce-
dures in surgical research.18 These can be overcome by
proper design and methodology, enabling randomised tri-
als with sham controls to be performed.19

Another commonly cited barrier to conducting rando-
mised controlled trials (RCTs) in surgical practice is the

variation of presentation and treatment, surgeons fearing
that the application of a rigid methodology could under-
mine the effectiveness of a surgical intervention and
impact negatively on the patient’s outcome. It is well
known that residents are required to publish regularly to
achieve steady career progression.17 Level IV studies are
easier to conduct, less expensive and less time consuming
than RCTs, and can be performed within the constraints of
time and resources available to a trainee. This may also
explain the high number of these studies being performed.

A RCT naturally represents the gold standard in clinical
research.11 A study looking at the feasibility of conducting
RCTs in surgical practice found that at least 40% of clinical
research questions were potentially answerable with a RCT20

and a study published in The Lancet in 1995 showed that 53%
of clinical decisions in acute internal medicine were backed
by a RCT.21 These findings refute some of the commonly cited
obstacles to performing RCTs in clinical practice.

Many of the articles assessed in this study could have been
upgraded by the use of a control group and by performing the
study prospectively, often without much difficulty to the
researching team. This could enable a level IV study to
become a level II study. It is therefore vital for surgeons to
consider the potential design of their clinical research project
carefully. In many cases, it may be easier to perform a high
level study than is originally perceived. On occasion, how-
ever, circumstances may dictate that level IV is the only
research design possible. If well designed, such studies can
still be invaluable in answering certain research questions.
This also applies to technical tips and case reports of rare
pathologies, which can be useful methods for the dissemina-
tion of important information.
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Figure 4 The volume of publications from different countries in the included journals in 2000 and 2010
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In a given year, the impact factor of a journal is the
average number of citations received per article published
in that journal during the preceding two years. It is used as
a measure of the importance of a journal in its field. The
correlation between high levels of evidence and a journal’s
impact factor has already been shown,13,22 and the results
of our study support this notion. According to the Web of
Science™ (Thomson Reuters, New York, US), KSSTA and
JBJS had the highest impact factors of the journals ana-
lysed in our study. They also produced the majority of the
articles with high levels of evidence.

The bulk of the articles in our study fell into the thera-
peutic category. There were only four articles (1%) in the
economic group. The lack of economic studies is a com-
mon finding in orthopaedic literature although they can
wield considerable influence on resource allocation and
healthcare commissioning, particularly in times of finan-
cial austerity.8

The highest producer of knee articles was KSSTA, which
along with JBJS contributed the highest percentage of
articles with high levels of evidence. Both journals have an
international readership. The increase in volume of
articles over the ten years appears to have come from out-
side the US and UK, reflecting a wider international read-
ership. Previously, researchers outside the US and UK may
have been more likely to publish in local journals; the
increase in the volume of publications from these countries
reflects the globalisation of the knee literature.

Study limitations

A limitation to this study is that only two main time periods
were selected (ie the calendar years 2000 and 2010) and
not each intervening year. In a study from 2012 examining
the foot and ankle literature, three timepoints were chosen:
the years 2000, 2005 and 2010.15 Choosing an interim time-
point at 2005 did not alter the thrust of the overall mes-
sage. Similarly, in our study, while additional analysis of
level I and II articles for the interim years 2003, 2005 and
2007 helped to further define trends, it did not result in sig-
nificant changes to our overall findings.

A further limitation of our study is that the reviewers
were not blinded to the journal source; this created a
potential source of detection bias. In addition, the inclusion
of level V articles is likely to have increased the interob-
server agreement because such studies are easy to identify.
The purpose of this study, however, was to obtain a clear
understanding of the levels of evidence and not to establish
the validity of interobserver reliability, which has already
been verified.9 We recommend a future study that ideally
includes all journals to give a wider view of the literature.
Despite these weaknesses, to our knowledge, this study
gives the most detailed assessment of the levels of evi-
dence in the knee literature to date.

The expansion of knee surgery as a subspecialty is
reflected in an increase in the volume of published research
between 2000 and 2010 (Fig 2). Faced with rising demand
and increasing financial pressures, it is important for knee
surgeons to have high quality evidence available to optimise
levels of care. A study from 2013 has shown that knee

arthroplasty performed using unproven implants with a
poor evidence base leads to a higher rate of early revision;
this can be expensive for health services and traumatic for
patients.4 Evidence-based orthopaedics results in better
patient outcomes and a reduction in costly variations of
practice.3

Entering all implants into a database such as a joint
registry (eg the National Joint Registry for England, Wales,
Northern Ireland and the Isle of Man) will help to ensure
that eventually, only those with a strong evidence base are
used.3 Consequently, the levels of evidence underpinning
various procedures and implants will be having a greater
impact on their uptake in the near future.

Conclusions

Between 2000 and 2010, the overall trend was towards
higher levels of evidence in the knee literature. However,
the differences did not reach statistical significance. As the
major increase in evidence levels occurred in the latter
part of the decade, a further study is recommended in due
course to investigate whether this progress has been main-
tained. In order to stimulate change at a more rapid rate, it
is also advised that knee journals consider making the
publication of levels of evidence mandatory, and that sur-
geons take responsibility for developing and designing
higher quality studies in the future.
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