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ABSTRACT
Six of the top English language, peer-reviewed orthopedic journals, as ranked by Google Scholar H5 Index, 
were identified and reviewed for the level of evidence (LOE), listed from each research paper, with 
clinical trials involving human subjects only, from July 2018 through July 2019. The overall sample size, 
over 13 months, was 98 monthly issues of these orthopedic journals with a total of 1425 papers. The 
average LOE was found to be 3.05 (95%CI 2.89-3.21). Journals with higher H5 Index ranking trended 
towards having papers with a higher LOE. Although the randomized, controlled and blinded clinical trial, 
may limit bias, as a study design it is not routinely practical or cost effective for human clinical studies in 
orthopedics. In fact, studies with level 3 evidence were the most commonly published and peer-reviewed 
studies over the 1425 papers we assessed in this review. To our knowledge, this is the first systematic 
review of the average level of clinical evidence in top English language orthopedic journals.
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ABSTRACT #1

The Evolution of Biologics into the Orthopedic Mainstream

Allan K. Mishra, MD, Menlo Medical Clinic at Stanford Hospital, Menlo Park, CA.

Orthobiologics has risen into the mainstream for orthopedic surgery, because patients are relying on biologics 
for success. In recent years, there has been a significant increase in publications regarding PRP. Further-
more, The New York Times has driven much of the accelerating interest in PRP and other orthobiologics. 
Today there are about 10,000 references of PRP on Pubmed and the Google trends have been rising since 
the early 2000s. Although interest surrounding orthobiologic procedures has steadily increased, there are 
many issues still to address such as treatment standardization and legal questions regarding the “minimally 
manipulated” nature of some treatments. 

Key words: Biologics, Orthopedic surgery

ABSTRACT #2

The Future of Regenerative Medicine 2018–2028

Robin R. Young, CEO, RRY Publications LLC and PearlDriver, Inc., Wayne, PA.

The field of regenerative medicine holds vast potential for the future, with an ever-expanding innovative 
environment. Recently, tissue engineering products have made significant improvements in wound heal-
ing, including advancements in amniotic tissue products. However, while an innovative environment is 
crucial for scientific advancement, clinical relevance is often the most important requirement for success. 
As the field of regenerative medicine expands, identifying specific medical needs and creating applicable 
regenerative solutions will be essential for positive progress. 

Key words: Amniotic, Regenerative Medicine, Tissue Engineering
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BACKGROUND

Since the beginning of medicine, doctors have sought 
the best ways to evaluate the safety and effectiveness 
of their treatments. Since Hippocrates, physicians 
have respected professional ethical concepts such as 
privacy and patient safety.1 When considering clini-
cal treatments, physicians should know the potential 
harmful patient effects of recommended interventions 
in order to properly counsel patients. As a result, 
physician-scientists introduce novel treatments in 
lab, animal model, and small controlled human study 
settings to make sure the treatments are beneficial 
and not harmful. Ideally, medical and surgical thera-
peutic advancements should be more effective, safer, 
less invasive, and cheaper than established treatment 
options. Of course, all of these potential benefits are 

not required for a new therapy to become clinically 
accepted as a valid treatment option. 

Grading the quality of clinical research into levels 
of evidence dates back to the1980s in both Canada 
and the USA.2 Over the past 40 years many additional 
ranking schemes have been proposed and refinements 
have been made to reflect developments in clinical 
research. In general, higher level studies are less likely 
to be biased or to have large type 1 or type 2 errors.3 
For this research paper, we use the five different levels 
of evidence descriptions for therapeutic studies as 
recommended by the 2004 American Academy of 
Orthopedic Surgeons Levels of Evidence for Primary 
Research Question (see Figure 1).4 

Ideally, researchers want to eliminate bias in their 
studies and minimize type 1 and type 2 (false positive 
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and false negative) errors in their research conclu-
sions. The high quality randomized controlled trial 
(RCT) is level 1 evidence and is the study design with 
the lowest chance bias and of false positive and false 
negative conclusions. The RCT randomly assigns study 
subjects into two or more groups. One group receives 
the intervention being assessed and the control group 
receives either a placebo or no intervention. To further 
reduce bias, a RCT can be blinded, so that the subjects, 
researchers, and others involved in evaluating the trial 
do not have information on which group received the 
intervention. A meta-analysis of level 1 RCTs is also 
considered to be level 1 evidence is the RCT study 
designs are similar. A prospective comparative study 
is considered level 2 evidence. A RCT with less than 
80% follow up or no blinding would be considered 
level 2 evidence. A meta-analysis of level 1 and 
level 2 studies would be considered a level 2 study, 
especially if the study designs were inconsistent (i.e., 
different outcome measures). A case-control study 
is considered level 3 evidence. A retrospective com-
parative study is also considered level 3 evidence. A 
meta-analysis study of several level 3 studies or of a 
combination of biased level 1 and 2 studies would be 
considered level 3 evidence. A case series study design 
is considered level 4 evidence, and is significantly 
more likely to have study bias than a level 1 study. In 
studies considered to be level 4 evidence, there is no 
comparison group of patients treated in another way. 
Studies evaluating registry data are considered level 
4 evidence because of the lack of a control group or 
blinding or randomization. Any evaluation based on 
expert opinion is generally considered to be level 5 
evidence.2,3

Researchers should strive to design studies with the 
highest level of evidence that is practical and feasible. 
Institutional Review Boards (IRB) may be tasked with 
determining if a research protocol involving a sham 
surgical intervention is ethical.5 Even a study with 
only a placebo control group may be unethical if there 
is an established effective treatment and not treating 
the patient with the accepted standard of care could 
result in patient harm. Given these constraints, ortho-
pedic researchers construct the best studies feasible to 
evaluate new devices, procedures, and medications. 
The widely accepted clinical gold standard for study 
design is to evaluate an intervention with the highest 
level of evidence practically and ethically possible, 
with IRB approval if necessary.

There is not universal agreement among research-
ers that a study’s level of evidence directly relates 
to the clinical importance of the study conclusions.6 

Nonetheless, the goal of improving study design and 
reducing study bias is an appropriate goal for medi-
cal research. The orthopedist interested in evidence 
based-medicine and surgery, needs to synthesize 
clinical data with research data obtained from vary-
ing levels of evidence. Whenever feasible, treatment 
decisions should be based on clinical trials using 
the highest possible levels of evidence and with the 
most clinical relevance. The clinician should be able 
to recognize and understand potential bias in lower 
level studies when using them to guide treatment 
decisions. Our goal with this project is to evaluate 
the average level of evidence of clinical research 
papers published in 6 top orthopedic journals over 
the course of 13 months. To our knowledge, this is 
the first systematic review of the average level of 

FIG. 1 Levels of evidence descriptions for therapeutic studies, as recom-
mended by the 2004 American Academy of Orthopedic Surgeons Levels 
of Evidence for Primary Research Question.4
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clinical evidence in top English language orthopedic 
journals. 

METHODS

The senior author (DAB) identified 6 of the top 
English language orthopedic journals as ranked by 
Google Scholar H5 Index (Figure 2). 

The H5 Index is defined as the largest number “h” 
such that “h” articles published in the past 5 years 
have at least “h” citations each. 

In practical terms, the H5 Index is a measure of 
the quality of a journal based on the assumption that 
high quality research is cited more frequently than 
lower quality research. A potential limitation of the 
H5 Index is that there is no historical data however 
the authors were primarily concerned with recent 
orthopedic journal quality so the historical limitation 
was deemed not significant.

The 6 English language, peer-reviewed orthopedic 
journals used in our evaluation are listed below. The 
H5 Index ranking refers to the journal’s ranking among 
other orthopedic journals and can be considered a 
measure of the quality or influence of journal’s papers 
as compared to its peers.

1	The American Journal of Sports Medicine (H5 
Index rank=1)

2 Clinical Orthopedics and Related Research (H5 
Index rank=2)

3 The Journal of Bone and Joint Surgery (US) (H5 
Index rank=3)

4 Knee Surgery, Sports, Traumatology, Arthroscopy 
(H5 Index rank=5)

5 Arthroscopy: The Journal of Arthroscopy and 
Related Surgery (H5 Index rank=6)

6 Journal of Shoulder and Elbow Surgery (H5 
Index rank=9)

All 6 English language orthopedic journals 
evaluated were within the top 10 ranked orthopedic 
journals by H5 Index as listed by Google Scholar on 
August 1, 2019.

Once the 6 subject journals were identified, we 
reviewed the level of evidence listed for each paper 
published in each journal from July 2018 through 
July 2019. Only clinical research involving human 
subjects was considered. All the other papers which 
did not involve human subjects were excluded. Wher-
ever possible, the level of evidence (LOE) assigned 
by the authors or editors was used for each paper. 
If the researchers or editors did not list the level of 
evidence, then we each individually assigned a LOE 
and our LOE numbers were averaged to arrive at the 
LOE for that paper.
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FIG. 2 The 6 English language, peer-reviewed orthopedic journals used in our evaluation were
selected from the top ten Google Scholar H5 Publication Ranking. The H5 Index ranking
refers to the journal’s ranking among other orthopedic journals and can be considered a
measure of the quality or influence of journal’s papers as compared to its peers.
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For each of the respective journals, we calculated 
a monthly average LOE to 2 decimal places and also 
the 1year average LOE to 2 decimal places. We then 
took each journal’s one-year average paper LOEs and 
calculated an overall average LOE for papers published 
in the 6 journals in this study. We calculated the mean 
LOE and 95% confidence intervals using t-statistic 
calculations for sample group mean, variance, and 
standard deviation analysis.

RESULTS 

The LOE study results are shown in Figure 3.

The American Journal of Sports Medicine 
(AJSM) (H5 Index rank=1)

We evaluated the July 2018 thru the July 2019 is-
sues, which resulted in 13 issues and 241 papers being 
evaluated. The number of monthly papers evaluated 
ranged from a low of 13 papers in the October 2018 
edition to a high of 28 papers evaluated in the March 
2019 and July 2019 editions respectively. 

The 13 monthly issues ranged in average LOE from 
a low of 3.35 to a high of 2.53. The average LOE for 
the 241 papers evaluated was 2.96

The LOE standard deviation with a 95% confidence 
interval was 2.80 - 3.12

Clinical Orthopedics and Related Research 
(CORR) (H5 Index rank=2)

We evaluated the July 2018 thru the July 2019 is-
sues, which resulted in 13 issues and 155 papers being 
evaluated. The number of monthly papers evaluated 
ranged from a low of 6 papers in the July, 2018 and 
August, 2018 issues to a high of 18 papers evaluated in 
the May 2019 issue. The 13 monthly issues ranged in 
average LOE from a low of 3.11 to a high of 2.14. The 
average LOE for the 155 papers evaluated was 2.83. 

The LOE standard deviation with a 95% confidence 
interval was 2.64 - 3.02.

The Journal of Bone and Joint Surgery (JBJS) 
(H5 Index rank=3)

We evaluated the July 2018 thru the July 2019 is-
sues, which resulted in 13 issues and 164 papers being 
evaluated. The number of monthly papers evaluated 
ranged from a low of 11 papers in the September, 
2018, October, 2018, December, 2018, February 
2019, and June 2019 issues to a high of 16 papers in 
the July 2018 issue. The 13 monthly issues ranged in 
average LOE from a low of 3.29 to a high of 2.71. The 
average LOE for the 164 papers evaluated was 3.04. 
The LOE standard deviation with a 95% confidence 
interval was 2.91 - 3.17.

FIG. 3 Level of Evidence Study Results.

Tulpule_WKBK.indd   4Tulpule_WKBK.indd   4 12/3/20   5:58 PM12/3/20   5:58 PM

AJSM = American Journal of Sports Medicine; CORR = Clinical Orthopedics 
and Related Research; JBJS = Journal of Bone and Joint Surgery; KSSTA = Knee 
Surgery, Sports, Traumatology, Arthroscopy; Arthros. = Journal of Arthroscopy 
and Related Surgery; JSES = Journal of Shoulder and Elbow Surgery.
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Knee Surgery, Sports, Traumatology, Arthroscopy 
(KSSTA) (H5 Index rank=5)

We evaluated the July 2018 thru the July 2019 
issues, which resulted in 13 issues and 402 papers 
being evaluated. The number of monthly papers 
evaluated ranged from a low of 22 papers in the June 
2019 issue to a high of 34 papers in the December 
2018 issue. The 13 monthly issues ranged in aver-
age LOE from a low of 3.61 to a high of 2.66. The 
average LOE for the 402 papers evaluated was 3.05. 
The LOE standard deviation with a 95% confidence 
interval was 2.89 - 3.21.

Arthroscopy: The Journal of Arthroscopy and 
Related Surgery (Arthros.) (H5 Index rank=6)

We evaluated the July 2018 thru the July 2019 is-
sues, which resulted in 13 issues and 226 papers being 
evaluated. The number of monthly papers evaluated 
ranged from a low of 10 papers in the October, 2018 
issue to a high of 28 papers in the February, 2019 
issue. The 13 monthly issues ranged in average LOE 
from a low of 3.44 to a high of 2.83. The average 
LOE for the 226 papers evaluated was 3.19. The LOE 
standard deviation with a 95% confidence interval 
was 3.09 - 3.29.

Journal of Shoulder and Elbow Surgery  
(H5 Index rank=9)

We evaluated the July 2018 thru the July 2019 is-
sues, which resulted in 13 issues and 237 papers being 
evaluated. The number of monthly papers evaluated 
ranged from a low of 11 papers in the October, 2018 
issue to a high of 29 papers in the June, 2019 issue. 
The 13 monthly issues ranged in average LOE from 
a low of 3.71 to a high of 2.75. The average LOE 
for the 237 papers evaluated was 3.25. The LOE 
standard deviation with a 95% confidence interval 
was 3.12 - 3.38.

Our overall sample size after collating 13 months 
of peer-reviewed clinical research in 98 monthly issues 
from 6 top orthopedic journals was 1425 papers. For 
these 1425 papers, we found the average LOE to be 
3.05 with a 95% confidence interval of 2.89 – 3.21.

CONCLUSIONS

In the 6 orthopedic journals evaluated, there was 
a trend towards the average paper having a higher 
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LOE in journals with higher H5 Index rankings. The 
top ranked US language orthopedic journal was The 
American Journal of Sports Medicine and across 1 
full year of clinical research, the average LOE for 
papers was 2.96. The Journal of Shoulder and Elbow 
Surgery was the H5 Index ninth ranked journal and 
had an average LOE for papers of 3.25. The overall 
average LOE for these 6 orthopedic journals from 
July 2018 thru July 2019 was 3.05.

Each journal reviewed published papers in the 
13issue time frame with levels of evidence ranging 
from 1 to 5. With an overall sample size of 1425 
peer-reviewed papers and 98 journal issues, we feel 
comfortable with a conclusion that the typical ortho-
pedic research trial is a case-control study or a study 
with a similar LOE. It is interesting to note that there 
were very small variations across journals despite 
varying subspecialties in the journals reviewed. The 
average LOE of 3.05 is possibly a result of the surgi-
cal specialty being limited by the inability to have 
placebo or sham control groups.

Clinical decision making is a coordinated effort 
between the physician and patient based on choices 
that the clinician presents to the patient Based on our 
analysis, clinical research in orthopedics has an aver-
age LOE of 3. Clearly, medical and surgical decisions 
in orthopedics are being made based on data and 
research obtained from studies that were not blinded 
nor randomized and may have bias in the study con-
struct or in the study conclusions. Physicians should 
be trained to interpret data obtained from all levels 
of evidence and to combine that with patient specific 
factors in order to make a treatment plan unique for 
each patient.

We recognize that we did not examine all orthopedic 
journals and that we only evaluated published research 
over 13 months. With our evaluation of 1425 papers 
from 6 of the top 9 orthopedic journals, our evaluation 
was fully powered to detect any significant differences 
in the average LOE between the journals evaluated 
and between individual issues of a specific journal. 
We did not exclude a journal who’s average LOE for 
papers would have significantly changed our results

One interesting result from our analysis is that 
now the physician-researcher has objective data that 
although a level 1 RCT may be considered the gold
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standard in research papers, it is not the practical 
ideal for published papers. We agree that randomized 
controlled clinical trials do limit bias and on average 
present better study design, but we also believe that 
alternative study designs can provide actionable clini-
cal information. In fact, as evidenced by our analysis 
of 13 months of published, peer-reviewed papers in 
6 of the top 9 orthopedic journals, studies with level 
3 evidence were the most common peer-reviewed 
studies accepted for publication as clinically impor-
tant research. 
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