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Abstract

The increased availability of databases for orthopaedic research purposes allows researchers to easily conduct studies and obtain large sample sizes. However, the
scientific utility of these databases is in question. The purpose of this study is to determine how these databases impact the quality of podium abstracts, as evaluated
by level of evidence, at the American Academy of Orthopaedic Surgeons Annual Meeting. Paper abstracts (7=8,866) from 2008 to 2018 were obtained from the
Meeting Committee. Five reviewers independently determined study design, data source, and focus of each abstract. The level of evidence was assigned using the
Oxford Centre for Evidence-Based Medicine scheme. The number of abstracts accepted at each Annual Meeting increased substantially (582 in 2008; 918 in 2018).
There was a significant increase in the overall rate of studies utilizing large databases (5.3% in 2008; 17.1% in 2018) and a decrease in the rate of studies with single-
center data (80.2% in 2008; 69.4% in 2018). There was an overall increase in the rate of Level IT (18.2% in 2008; 25.5% in 2018) and Level III (19.6% in 2008;
26.9% in 2018) studies with a decrease in Level IV (39.2% in 2008; 28.4% in 2018) studies. In studies specifically utilizing large databases, the percentage of Level
II evidence increased (16.1% in 2008; 29.3% in 2018). Overall, the use of these databases has contributed to the improved quality of higher level (Level II and III)

research presented at the Annual Meetings.

Introduction

Clinicians and researchers have experienced a significant change
in research being published and presented over the last decade. Large-
scale data has become more accessible over the years due to the rapidly
expanding volume of computerized databases, with studies showing that
orthopaedic researchers have increasingly utilized these databases [1-
5]. Meta-analyses have also become popular as a statistical method for
combining the data from multiple studies in order to hopefully reduce
outcome bias by combining large groups of patients from multiple
centers. Researchers have also witnessed the evolution of medicine
where quality, outcomes, and cost-effectiveness of care is increasingly
demanded, which may alter the focus of research studies in other ways
[6-8]. Some of these changes have been controversial as journals and
professional organizations seek to navigate these new opportunities and
present high-quality research.

Although designed primarily for tracking, insurance, coding, or
billing purposes, state and national administrative databases of medical
records have been made available for research purposes [1,3,5]. These
databases provide substantial health care data on large populations
of patients and present a relatively efficient method for researchers
to obtain a large sample size and conduct studies on a larger scale.
Subsequently, they allow for easy evaluation of hospital or patient
outcomes and provide the benefit of increased statistical strength of
conclusions [9]. However, it is important to consider the limitations
both within and between databases that may bias results, including lack
of standardization, varied patient data entry and collection methods,
data inaccuracy, and validity [3,10-12]. Consideration must be given
to the utility of these databases and what role they should play in the
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body of orthopaedic research being presented to the orthopaedic
community. Since studies that employ administrative databases remain
controversial, it is worthwhile to analyze the extent to which these
databases are emerging within the orthopaedic literature.

With the expansion of types of research including administrative
database analysis and meta-analysis, as well as the evolution of
healthcare which demands different types of studies such as practice
management, a concern can be raised about how this will impact
the quality of research. Level of evidence (LOE) designations offer a
well-accepted and systematic method for clinicians and patients to
evaluate research studies for quality and usefulness in order to arrive
at a medical decision [13]. More rigorous orthopaedic research with a
higher LOE is associated with higher rates of citations and publications
[14,15]. It follows that certain studies are inherently more influential
and applicable to practice. With this in mind, one would hope that
annual meeting reviewers select abstracts of the highest quality to
improve upon the value of the meeting. This idea is supported by recent
improvement in the overall strength of evidence of studies disseminated
through various orthopaedic journals and annual meetings [16-21].
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The American Academy of Orthopaedic Surgeons (AAOS) Annual
Meeting integrates innovators from around the world and serves as
a leading forum for exchanging the latest in orthopaedic research.
A widely attended event, the AAOS Annual Meeting provides both
significant educational and clinical value. As a result, the authors
hypothesize that the Annual Meeting is a reliable measure of trends
within orthopaedic research over time. Although the quality and
impact of a study may be subjective, the use of level of evidence (LOE)
helps assess each study in a more objective and systematic fashion.

The purpose of this study is to evaluate the quality and types of
studies that have been accepted to AAOS Annual Meeting. Specifically,
the change in utilization of large administrative databases will be
analyzed and compared with other study architectures including single
and multi-center studies, along with trends in LOE as a measure of
quality in orthopaedic research. The authors hypothesize that there has
been an increase in large administrative databases at the AAOS Annual
Meetings. However, to our knowledge, no prior study analyzes how
large databases impact the scientific quality of the research presented
at the AAOS Annual Meetings. Several variables in addition to data
source, including study design, will be quantified to define other
study features associated with LOE. This will help elucidate trends in
orthopaedic research and subsequently determine if certain features are
associated with changes in the clinical quality of research over time.

Methods

The study group chosen was the AAOS Annual Meeting research
abstracts that were accepted for podium presentation. Podium
abstracts have been shown to be of higher quality and are more likely
to be subsequently published in refereed journals [22-24]. Thus, poster
presentations were excluded from this study in order to provide a more
uniform selection of higher quality studies that are likely to represent
the state of research being performed annually and reported in the
orthopaedic literature. Electronic versions of the AAOS Proceedings
were obtained courtesy of the AAOS from 2008-2018 for a total of
11 consecutive years. Each paper was independently assessed by five
reviewers, and the results were tabulated. None of the reviewers had
formal epidemiological training, but each reviewer was familiar with
the general principles of research methods and designs. In order to
systemize the approach to assigning the LOE and to ensure consistency
between reviewers, the study utilized the 2011 LOE scheme designed
by the Oxford Centre for Evidence-Based Medicine (OCEBM) [25].
Many LOE systems focus on treatment effects and harms. However, the
design of the OCEBM levels system is based on the entire progression
of a clinical encounter (i.e. diagnosis, prognosis, treatment, benefits,
and harms), which allows for more comprehensive assessments of each
individual study [13]. The benefit of the OCEBM system is that the
study can be evaluated and applied to more specific aspects of patient
care.

The following variables were recorded: (1) study design (case
series/reports, case-control, cross-section, retrospective, prospective,
randomized control, systematic review, meta-analysis, other); (2) the
number of institutions involved (single-center, multi-center, state/
national database); (3) study focus (basic science, clinical practice,
practice management, educational); and (4) level of evidence (I-V).
Reviewers also had the opportunity to review the authors’ published
manuscript if further explanation of the method or design was
necessary.

The data was extracted from each study and recorded in Microsoft
Excel. Nonparametric Spearman rank correlation was used to assess
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the relationship between each variable and the year. Significance for
statistical analysis was set to p<0.05.

Results

In total, 8,866 AAOS paper abstracts between 2008-2018 were
analyzed. The total number of paper abstracts accepted each year
increased significantly over the study period (Figure 1), although they
did seem to level off in the final four years. This is a clearly a function
of the AAOS meeting schedule which has included greater time for
presentation of research projects at the podium throughout the course
of the study. While the percentage of studies with Level I evidence
remained stable, there was an increase in the percentages of Level II
(rs=0.9, p<0.001) and Level III (rs=0.89, p<0.001) evidence with a
dramatic decrease in Level IV (rs=-0.92, p<0.001) and a statistically
significant but small decrease in Level V (rs=-0.62, p<0.05) evidence
(Table 1 and Figure 2).

Analysis of study designs revealed a significant percentage decrease
in case series (rs=-0.95, p<0.001) with an increase in both case-control
(rs=0.69, p<0.02) and cohort (rs=0.94, p<0.001) designs. In addition,
there was a decrease in the percentage of randomized controlled trials
(rs=-0.86, p<0.001) over the years, although the total number of RCT’s
presented did not change (n=66 in 2008; n=65 in 2018) (Table 2).

The percentage of basic science studies significantly decreased
(rs=-0.64, p<0.04) although the total number did not appreciably
change, while studies involving practice management (rs=0.74, p<0.01)
dramatically increased in total number and percentage (Table 3). LOE
distribution of studies classified as practice management showed a
significant percentage increase in Level II evidence (rs=0.77, p<0.01)
(Table 4). There were no significant changes for studies focused on
either clinical practice or education.
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There was a dramatic increase in the percentage (rs=0.9, p<0.001)

Table 4. LOE distribution for practice management studies

and absolute number (n=31 in 2008; n=157 in 2018) of studies utilizing Level I Level 1T Level 11T Level IV Level V
national/state databases while the percentage of studies using single- Year  # % # % # % # % # %
center data decreased (rs=-0.92, p<0.001). There was no change in the 2008 | 0 0 1 20 2 40 1 20 1 20
percentage of studies conducted with multi-center data (Table 5). 2009 3 167 2 1.1 7 1389 2 11| 4 | 222
2010 3 8.6 6 | 171 2 57 22 629 2 5.7
Further analysis of the LOE distribution based on data source 011 4 74 9 167 17 | 315 11 | 203 | 13 241
revealed that studies using national and state databases had significant 2012 3 | 65 9 | 196 14 | 304 | 13 283 7 | 152
percentage increase in Level II evidence (rs=0.85, p<0.001) (Table 6). 2013 | 4 56 12 167 25 | 347 17 | 236 14 | 194
There were, in addition, significant percentage increases in both Level 2014 | 3 6.8 0 | 271 15 | 341 14 | 318 2 4.6
II (rs=0.78, p<0.01) and Level III evidence (rs=0.78, p<0.01) as well a 2015 5 6.0 18 214 27 | 321 3 3.6 | 31 | 369
significant decrease in Level IV evidence (rs=-0.90, p<0.001) in studies 2006 | 6 | 76 | 37 | 468 | 13 | 165 20 | 253 3 3.8
using single-center data (Table 7). There were no significant changes in 2017 | 5 | 67 19 253 21 | 280 | 15 200 15 | 20.0
any LOE of studies using multi-center data. 2018 | 5 72 020 1290 | 23 333 | 11 | 160 | 10 | 145
Table 1. Trends in overall level of evidence Table 5. Data source
Level I Level 11 Level 111 Level IV Level V Single-center data Multi-center data National/state
Year | # % # % # % # % # % databases
2008 60 | 103 106 | 182 114 | 196 228 | 392 74 | 127 Year # % # % # %
2000 | 70 | 104 124 | 184 | 140 | 208 277 412 62 | 92 2008 467 802 84 144 31 53
2010 | 74 | 103 130 | 180 | 138 | 192 305 424 73 | 101 2009 547 81.3 89 13.2 37 55
2011 | 88 | 118 | 136 182 139 | 186 | 293 | 392 91 | 122 2010 597 829 67 9.3 56 7.8
2012 | 81 | 100 | 158 195 176  21.7 | 299 | 369 96 | 11.9 2011 620 829 94 12.6 33 44
2013 | 84 | 102 | 173 | 209 190 | 23.0 @ 294 356 | 8 | 103 2012 648 80.0 106 13.1 56 6.9
2014 70 | 84 | 190 | 229 203 | 245 266 | 320 101 | 122 2013 633 76.6 111 13.4 82 9.9
2015 | 87 | 95 | 216 235 | 233 | 254 277 301 106 | 115 2014 614 739 113 13.6 103 12.4
2016 | 95 | 103 204 221 | 251 | 273 292 317 79 | 86 2015 662 72.0 125 13.6 132 14.4
2017 | 95 | 103 223 | 242 | 251 273 273 297 | 78 85 2016 640 69.5 118 12.8 163 17.7
2018 | 98 | 107 | 234 | 255 | 247 | 269 | 261 | 284 78 | 85 2017 643 69.9 137 1459 140 152
2018 637 69.4 124 13.5 157 17.1
Table 2. Study design
" Table 6. LOE Distribution for national/state database studies
Case series Case control Cohort RCT
Year # A # % # % # % Level I Level I1 Level III Level IV Level V
2008 249 | 428 26 45 179 308 66 11.3 Year | # % # % # % # % # %
2010 | 286 | 39.7 24 33 260 | 36.1 64 8.9 2009 1 |27 | 5 |[135] 15 [ 405 6 | 162 6 | 162
2011 | 306 | 41.0 23 3.1 253 339 76 10.2 2010 | 0 0 10 | 179 | 15 | 268 | 30 536 1 17
2012 | 303 374 29 36 303 374 79 98 2011 7 212 4 121 13 | 394 8 242 | 1 3.1
2013 | 296 358 46 56 326 395 73 3.8 2012 7 125 10 179 | 20 | 357 14 | 250 5 8.9
2014 | 274 330 65 78 324 39.0 67 3.1 2013 8 98 | 17 207 | 27 329 23 | 280 7 8.6
2015 | 276 300 68 74 398 53 55 6.0 2014 4 39 | 28 272 | 41 | 398 28 | 272 2 1.9
2016 | 286 | 311 | 79 56 | 374 | 406 | 7 34 2015 4 | 30 | 53 402 46 | 348 11 | 83 | 18 137
2017 | 262 | 285 50 5.4 38 419 72 7.8 2016 | 3 | 18 | 50 1307 75 | 460 29 | 178 | 6 | 37
2018 | 263 286 69 75 414 451 65 71 2017 | 7 50 | 45 321 | 67 | 479 14 | 100 7 5.0
2018 6 38 | 46 | 293 | 67 | 427 | 22 140 | 16 | 102
Table 3. Study focus
X Table 7. LOE distribution for single-center studies
Basic science Practice
management Level I Level IT Level 11T Level IV Level V
Year # % # % Year # % # % # % # % # %
2008 96 16.5 5 0.86 2008 44 | 94 | 77 165 79 | 169 | 202 433 65 | 139
2009 82 122 18 2.7 2000 51 | 93 | 100 183 | 102 | 186 | 241 441 53 | 97
2010 108 15.0 35 49 2010 67 11.2 107 17.9 113 18.9 245 41.1 65 10.9
2011 107 14.3 54 7.2 2011 65 10.5 115 18.5 103 16.6 | 252 | 40.6 85 13.7
2012 147 18.1 46 5.7 2012 64 | 99 | 129 199 128 | 197 | 245 378 82 | 127
2013 116 14.0 7 8.7 2013 53 | 84 | 138 218 143 | 226 | 234 369 65 | 103
2014 135 163 44 53 2014 | 50 | 81 | 133 | 21.7 | 127 | 207 208 339 | 96 | 156
2015 119 12.9 84 9.1 2015 | 70 | 106 | 127 | 19.1 | 154 | 232 | 233 | 352 | 78 | 119
2016 66 72 79 8.6 2016 = 74 116 | 124 | 194 143 | 223 | 228 356 71 | 1Ll
2017 88 9.6 75 8.2 2017 80 12.4 139 | 21.6 129 20.1 230 358 65 10.1
2018 105 11.4 69 75 2018 | 73 | 114 | 154 | 242 | 147 | 231 208 327 | 55 | 86
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Discussion

The fundamental finding of this study is that the quality of research
measured at the AAOS meeting is not only being maintained but
is actually improving as measured by the LOE. The greatest impact
appears to be in the Level IV studies which have dramatically declined
as a percentage over the 1l-year period measured to the benefit
primarily of Level I and Level III studies. During this period, the total
number of abstracts accepted for presentation has increased by over
40% reflecting schedule changes on the part of the AAOS program
committee. It would be logical to raise the concern that the increase
in presentation opportunities could lead to dilution of the quality of
the studies; however, the opposite appears to be the case. The authors
did not evaluate information about number of abstracts submitted
for evaluation, but this data would suggest that the number of quality
abstracts submitted is keeping pace and even exceeding the acceptance
opportunities.

The finding that research based upon administrative databases has
risen to over 17% of podium presentations is consistent with previous
studies and clearly indicates the prominence of these studies in use
today as well as some measure of their utility and general acceptance
[1-3]. The ease with which researchers can access large sample sizes
makes these databases appealing for researchers who wish to conduct
studies in a timely manner while strengthening conclusions. This study
demonstrates a concomitant increase in the use of large databases and
a decrease in studies performed at a single institution. It is likely that
the overall validity of these databases will remain controversial for
some time. Many authors have cautioned about the generalizability of
this type of data and the potential for significant bias [1-5]. The fact
that these types of studies seem to be replacing single center studies
is difficult to evaluate, but in the most recent year, there are still over
4 times as many single center studies as database studies reflecting a
continued preference on the part of researchers or reviewers for the
latter.

It is important to note that the percentage of randomized control
trials (RCTs) performed has decreased over the last decade, but the
absolute number has not changed very much. Although no study
is completely free of confounding or bias, well-conducted RCTs are
the hallmark of evidence-based medicine. However, RCTs tend to be
complex, burdened by regulation, time-consuming, and often require
extensive funding and outside resources, which may explain this trend
[3,26,27]. Despite this decrease in randomized designs, the rate of
level I designated studies accepted by the Annual Meeting committee
remained consistent over the study period. Based on the findings, the
absence of a significant change in the percentage of level I studies was
due to the implementation of high-quality cohort, systematic review,
and meta-analysis studies. Historically, the consensus has been that
study designs in clinical research are hierarchical, with RCTs remaining
the most prominent tool. Although RCTs are likely to provide the best
possible evidence, well-designed cohort studies have demonstrated
remarkably similar summary results when compared to RCTs [28].
The stability of studies with level I evidence reassuringly demonstrates
that the gradual change in study methods by researchers over the years
has not compromised the reliability of the highest-quality evidence
presented at the Annual Meetings as measured by LOE. It will be worth
evaluating in the future the role of the meta-analysis as a relatively
recent addition to the armamentarium of researchers that seems to be
gaining in prominence although the total numbers remain small. It is
also impossible to know whether this reflects the preference of authors
or the bias of reviewers.
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The increase in the rate of acceptance of Level II studies is
encouraging since it reflects the improved quality of the studies being
accepted by the committee. Based on the grading criteria, level IT studies
in particular are represented by high quality diagnostic and prognostic
cohort studies in addition to systematic reviews [25]. This is reflected by
the significant increase in cohort studies throughout the study period.
The only other variable measured in this study with significant increases
were the use of large databases. In fact, when further analyzing the LOE
distribution based on each data source, results showed that studies
specifically utilizing large administrative databases were associated
with a statistically significant increase in Level II studies. This may
be attributed to the large effect sizes that can be obtained from these
databases. Although the overall percentage of studies utilizing single-
center data decreased over time, LOE distribution analysis of single-
center studies also revealed an increase in the percentage of both Level IT
and Level III evidence. The fact that single-center studies are associated
with improvements in scientific research despite a relative decrease in
percentage of this data source highlights the continued importance of
these small, but high-quality studies in research.

Likewise, the rate of acceptance of level III studies by the
committee increased. Similar to level II studies, level III studies are
largely represented by non-randomized controlled cohort studies [25].
However, level III studies typically have smaller sample and effect sizes
than level II studies and do carry a greater risk of confounding. Based
on the study’s findings and the OCEBM’s classification system, the
increase in level III studies is driven by these cohort studies and smaller
single-center studies. Though the evidence may not be as strong as a
level I or II study, the level III studies still present sufficiently strong
data to come to a decision and are occurring at the expense of less well
controlled studies (Level IV and V).

The increase in level IT and III evidence demonstrates the improved
quality of the abstracts accepted by the committee. Nevertheless, it is
equally important to address the decrease in level IV studies. Level
IV studies are largely represented by case-series or otherwise poorly
controlled cohort studies. Generally speaking, case-series are associated
with weaker forms of evidence. As mentioned previously, an increase
in large cohort studies was likely the driving force behind the increase
in level II and IIT studies. Similarly, the yearly decrease in the rate of
case series designs is mirrored by a decrease in level IV studies. LOE
distribution analysis also showed that there was a significant percentage
decrease in Level IV evidence in studies using single-center data. There
appears to be a shift in focus away from low-quality study designs at
these smaller centers. Another low-quality form of evidence according
to OCEBM’s system, level V studies are largely observations utilizing
mechanism-based reasoning. The absolute number did not change
over time, but the percentage of Level V observation studies, certainly
the weakest of all study designs, decreased significantly. The relative
decrease in level IV and V studies again supports how the Annual
Meeting continues to improve the overall quality of studies from top
to bottom.

It is not particularly surprising that research is, in part, affected by
greater societal concerns and an increase in studies looking at practice
management was demonstrated. In the context of alternative health care
models including prospective payments and bundled payments, many
societies have focused their offerings of seminars and presentations
on the orthopaedic surgeons” role in these new systems. Clearly, a
significant reason for the increase in focus on practice management may
be attributed to the relative lack of literature on this topic and a decision
on the part of the clinicians and society to increase the opportunities
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for presentation [7,8]. One can reasonably assume that this emphasis
is commensurate with an interest on the part of researchers or meeting
attendees, or both, to be educated in this fashion. The distribution of
LOE for practice management studies showed an increase in high-
quality Level II evidence. As information becomes computerized,
outcomes, quality of care, and value-based data can be gathered rather
efficiently at the single-center level or with the use of large databases,
both of which were also associated with increases in Level II evidence.
Regardless of the reason for the increased popularity of these types of
studies, the overall quality of research being presented as measured by
the present analysis has not declined.

Despite this advancement of LOE, there still remains room for
improvement. It is reassuring to observe that the rate of level I studies
has not decreased over time. However, because level I studies are
the most rigorously conducted and thus the most reliable, it would
benefit orthopaedics as a specialty to strive to increase the number of
such studies. Based on this study’s findings and the OCEBM levels,
improving the rate of level I studies does not solely rely upon RCTs.
Large cohort studies, systematic reviews, and meta-analyses that are
well-conducted utilizing already available databases can help increase
the rate of level I studies.

This study has several limitations. A potential confounder is that the
authors reviewed abstracts accepted rather than abstracts submitted.
This creates potential that there is bias among the reviewers for certain
types of papers. However, given the large number of reviewers and
the large number of paper presentations that are ultimately published
in journals, this seems reasonable for evaluation. In order to create a
more powerful analysis, the authors decided to review paper abstracts
for every Annual Meeting from 2008-2018. While LOE is an excellent
method of systematically evaluating the quality of research articles, the
sheer number of abstracts required several reviewers. Having several
reviewers reduces the risk of grader bias, but evaluating LOE can still
be a subjective matter, which could result in minor inconsistencies
between observers. In theory, using OCEBM’s classification system
reduces the risk of inter-grader bias. Still, it is important to consider
that focusing on specific criteria for each level entails a risk that
graders assign a level without critically analyzing the study as a whole
[29]. The increased focus on research practices and evidence-based
medicine today warrants critical analysis of medical literature. The
explosion of research evidence, partly due to these large databases,
has led to a multitude of innovative diagnostic or treatment methods,
many of which may provide marginal benefit at best even though the
presented data portends otherwise [30]. With the development of many
alternative clinical choices, physicians must be able to incorporate both
literature and patient preferences when making medical decisions or
recommendations. It is important for modern-day clinicians to utilize
their own judgment and evaluate studies within the context of good
patient care independent of an assigned LOE [30,31]. Ultimately, the
OCEBM levels do not provide a recommendation even if the study is
supported by strong evidence. The responsibility lies with the clinician
to be aware of different study designs and to determine how to best
apply the findings [13,28].

Further, grading of each study was largely based on the information
provided within the limitations of each abstract. If there was uncertainty
regarding a particular feature of the study design, the reviewers
evaluated the published manuscript if it was available. Despite these
limitations, the sheer number of abstracts reviewed and the subsequent
statistically significant trends found in this study confirms the
continuous improvement of the abstracts accepted and distributed at
the AAOS Annual Meetings.
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In conclusion, the quality of research in orthopaedics as measured
by the LOE of paper presentations at the AAOS annual meeting has
improved over an 11-year period, in spite of a considerable increase in
the number of presentations, which alleviates the concern that more
papers could be associated with lower quality. During this same time
period, the type of research has evolved including an increase in studies
using large databases and meta-analyses, as well as a significant increase
in practice management research. This has all occurred without
negatively affecting quality. Large databases provide researchers with
a powerful tool that enables the utilization of large study populations
to facilitate the study of clinical questions. However, there is limited
research regarding the impact of these databases on the scientific quality
of abstracts. The findings in this study validate the hypothesis and show
that the growing use of large-scale databases by researchers has been
associated with increased volume and quality of studies accepted to
the AAOS Annual Meeting over the last decade, although this does not
prove cause and effect. In spite of this favorable finding, the authors
caution that conclusions drawn from database studies must continue
to be carefully scrutinized on an individual basis as the database,
methodology, accuracy, and scope of study can impact not only study
results, but also patient care.
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