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Objectives

Academic productivity contributes to the reputation of an orthopaedic surgery residency
program. The purpose of this study was to evaluate sex-related differences in publication
rates among faculty at top-ranked academic orthopaedic surgery residency programs.

Design
Descriptive study following a retrospective web-based search utilizing orthopaedic
surgery residency program websites and Scopus.

Setting

The search was conducted at Tulane University School of Medicine in New Orleans, LA
and extracted information from the top 25 ACGME-accredited orthopaedic surgery
residency programs across the United States.
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Sex Differences and Publication Rate at Top-Ranked U.S. Orthopaedic Surgery Residency Programs

Participants

The number of publications, H-index, academic rank, sex, and medical school graduation
year of orthopaedic surgery faculty at the 25 most academically productive programs
were evaluated using program websites, Scopus database, and other public sources
between December 2022-March 2023. The M-index was calculated by dividing the
H-index by years since medical school graduation.

Results

A total of 1,173 orthopaedic surgeons were identified at the top 25 orthopaedic surgery
residency programs, 161 (13.7%) were female and 1,012 (86.3%) were male (P<.001). Male
faculty had a higher average H-index compared to female faculty (P<.001). Similarly, male
faculty had a higher average M-index (P<.001). Among the studied institutions, female
orthopaedic surgery faculty had a higher average M-index at only four programs.

Conclusion

Female orthopaedic surgeons continue to be underrepresented in the field of orthopaedic
surgery and tend to have lower H-and M-indices compared to their male counterparts.
These findings highlight the need for strategies that promote sex-based equity in this

field.
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INTRODUCTION

Academic productivity is an important characteristic that
contributes to the reputation of an orthopaedic surgery res-
idency program. Little is known regarding the sex differ-
ences in academic productivity of faculty at highly ranked
residency programs. Among medical school faculty in 2014,
females had fewer total and first- or last- author publi-
cations (Jena et al. 2015). This trend is also seen in the
male-dominated field of orthopaedic surgery. Currently, or-
thopaedic surgery has the lowest proportion of female fac-
ulty members among all medical specialties, with only 10%
of residency faculty being female (Powell et al. 2022). Pow-
ell et al. reported that the proportion of female first authors
in orthopaedic flagship journals (Journal of Bone and Joint
Surgery, Journal of the American Academy of Orthopaedic
Surgeons, and Clinical Orthopaedics) was 15.4% in 2020
and the proportion of female senior authors was only 13.7%
(Powell et al. 2022).

Medical students applying to orthopaedic surgery resi-
dency often use rankings published by U.S. News & World
Report or Doximity to differentiate between residency pro-
grams for ranking purposes and as a guide through the in-
terview and selection process (Meade et al. 2023; Rolston,
Hartley, Khandelwal, et al. 2015). Upwards of 62% of med-

Reflect Now!

ical students make decisions about where prospective res-
idency programs fall on their rank list with the help of
Doximity Residency Navigator (Keane, Lossia, Olson, et al.
2022). Doximity rankings have been critiqued for being
overly subjective and not accurately evaluating a residency
program’s current academic productivity and academic
achievement because the metrics fail to consider individu-
als who are presently contributing to the academic produc-
tivity of each program (Keane, Lossia, Olson, et al. 2022).
Likewise, U.S. News & World Report rankings are based
only on internal ratings provided by medical school deans
and senior faculty at each of the surveyed programs. U.S.
News & World Report and Doximity’s rankings are similar
in that they are both qualitative and fail to accurately and
objectively depict the academic productivity of residency
programs (Keane, Lossia, Olson, et al. 2022).

Multiple medical specialties are making efforts to more
accurately quantify academic productivity. Recently, Na-
tional Institutes of Health (NIH) funding, faculty Hirsch-in-
dices (H-index), and number of publications have been used
in specialties such as plastic surgery, ophthalmology, der-
matology, and urology, to provide a more objective mea-
surement of a program’s academic productivity (McDer-
mott, Gelb, Wilson, et al. 2018) A study published in the
World Journal Of Orthopaedics used the aforementioned
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metrics (National Institutes of Health funding 2014-2018,
leadership positions in orthopaedic societies (2018), edi-
torial board positions of top orthopaedic journals (2018),
total number of publications, and H-index) to more accu-
rately quantify the academic productivity of orthopaedic
surgery residency programs in the United States (Trikha,
Olson, Chaudry, et al. 2022). The authors identified twenty-
five programs with the highest cumulative score as depicted
in decreasing order in Table 1. While these orthopaedic
surgery residency programs were highly ranked using ob-
jective metrics to assess academic productivity, the study
did not take into account the sex of the faculty contributing
to the residency program’s reported academic productivity
(Trikha, Olson, Chaudry, et al. 2022). The purpose of our
study was to evaluate potential sex-related differences in
publication rates among faculty at top-ranked academic or-
thopaedic surgery residency programs.

METHODS

The top 25 academic orthopaedic surgery residency pro-
grams in the United States were analyzed to determine if
there was a difference in academic productivity between
male and female orthopaedic surgery faculty and to evalu-
ate the relationship between female faculty scholarly con-
tribution and the rank of the residency program.

IDENTIFICATION OF PROGRAMS

An orthopaedic surgery program was considered a top-
ranked program if it was among the top 25 most academi-
cally productive programs as determined by Trikha’s study
“Assessing the Academic Achievement of United States Or-
thopaedic Departments.” (Trikha, Olson, Chaudry, et al.
2022) This study was based upon 2014-2018 data that took
into consideration National Institutes of Health funding,
leadership positions in orthopaedic surgery societies, edi-
torial board positions of top orthopaedic surgery journals,
total number of publications, and H-index (Trikha, Olson,
Chaudry, et al. 2022).

IDENTIFICATION OF FACULTY

An internet-based search of the identified orthopaedic
surgery residency program websites was performed. Or-
thopaedic surgery faculty members at these 25 programs
were included in the analysis if they had completed a res-
idency in orthopaedic surgery and held an active clinical
appointment. For each of the eligible faculty, information
including first name, last name, academic institution, sex,
academic rank, fellowship specialty, and year of medical
school graduation was obtained. When this information
was not readily available, study team members contacted
the orthopaedic surgery residency program coordinator to
provide or confirm biographical information of a faculty
member. In this study, sex was limited to male or female
and was determined by review of faculty photographs and
or a person’s listed pronouns on the program websites.

IDENTIFICATION OF PUBLICATIONS

An author search of PubMed and Scopus was performed be-
tween December 2022 to March 2023 to obtain faculty pub-
lication number and citation impact since medical school
graduation. This was conducted using the last name, first
name, and middle initial of each faculty member. The au-
thors’ names were cross referenced with their institution
and specialty to ensure accurate authorship data. The num-
ber of publications and H-index were recorded. In addition
to the total number of publications, the number of first au-
thor and last-author publications were also collected.

ANALYSIS

Data was analyzed using R statistical analysis software. De-
scriptive statistics were used to investigate the proportion
of male and female orthopaedic surgeons, as well as the dis-
tribution of male and female orthopaedic surgery faculty by
M-indices across all the selected institutions. Because the
publication characteristics analyzed (Scopus publications,
Scopus H-index first-author publications, and last- author
publications) were correlated, the decision was made to fo-
cus on a single characteristic in the primary analyses: the
number of Scopus publications and the related H-index.
The M-index was calculated by dividing the H-index by the
number of years since medical school to account for differ-
ences in career length. A t-test was used to compare con-
tinuous variables and chi-squared was used to compare cat-
egorical variables. P<0.05 was considered significant.

RESULTS

Out of 1,173 orthopaedic surgery residency faculty, 161
(13.7%) were female and 1,012 (86.3%) were male (P<.001)
(Table 1). The most common subspecialties for female or-
thopaedic surgery faculty at the 25 programs were pediatric
orthopaedic surgery (46; 30.5%) and hand surgery (30;
19.2%). Orthopaedic surgeons who were fellowship trained
in more than one subspecialty, were counted in each. Male
orthopaedic surgeons subspecialized in total joints (185;
88.9%), followed by sports medicine (175; 86.6%), and spine
surgery (151; 93.2%). The most common subspecialties for
male orthopaedic surgery faculty by percentage were gen-
eral (112; 94.1%), spine (151: 93.2%), total joints (185;
88.9%), and trauma (76; 88.4%).

In general, male orthopaedic surgery faculty had a
higher average H-index (22.22, range 0 to 112) compared
to female faculty (10.98, range 0 to 64) (P<.001). This was
also the case for male faculty’s average M-index (mean:
0.93, range: 0 to 5.39 versus 0.60, range: 0 to 5.00) (P<.001).
The median of the M-index averages for female orthopaedic
surgeons across all 25 academic programs was 0.55 (range
of 0.15 to 1.26), while the median for males was 0.88 (range
of 0.31 to 1.47) (Figure 1). When looking at all 25 programs,
there were only four programs, Hospital for Special Surgery
(1.26 versus 1.22), University of California Los Angeles,
(0.98 versus 0.73), Icahn School of Medicine (0.55 versus
0.45), and University of California San Diego (0.71 versus
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Table 1. Percentage of Female Orthopaedic Surgeons at the Top 25 Academic Orthopaedic Surgery Residency

Programs in the United States

Academic Program Number of Faculty Number of Females
Washington University in St. Louis 60 10 (16.7%)
Hospital For Special Surgery 118 14 (11.9%)
Sidney Kimmel Medical College 70 6(8.6%)

University of California San Francisco 41 11(26.8%)
Mass General Hospital/Brigham/Harvard 92 9(9.8%)

Mayo Clinic (Rochester) 54 3(5.6%)

Brown University 29 3(10.3%)
University of Pennsylvania 37 5(13.5%)
University of Rochester 42 9(21.4%)
Virginia Commonwealth 41 8(19.5%)
University of Pittsburgh 24 4(16.7%)
Stanford University 58 13(22.4%)
New York Presbyterian/Columbia University 32 5(15.6%)
Duke University 63 10(15.9%)
University of Utah 40 6(15.0%)
University of California Los Angeles 27 4(14.8%)
Icahn School of Medicine at Mount Sinai 95 9(9.5%)

Yale University 37 8(21.6%)
Cleveland Clinic 43 2(4.7%)

University of Michigan 28 4(14.3%)
Rush University 45 1(2.2%)

University of lowa 27 3(11.1%)
University of Connecticut 17 3(17.7%)
University of Colorado 34 8(23.5%)
University of California San Diego 19 3(15.8%)

0.54), at which female orthopaedic surgery faculty had a
higher M-index than their male counterparts (Tables 2 and
3).

When stratifying average M-indices by academic rank for
male and female orthopaedic surgeons, male faculty’s av-
erage M-indices were higher than female faculty’s at the
assistant, associate, and professor levels. The differences
were only statistically significant at the ranks of assistant
and associate professor (P=.0004 and P=.018) (Table 4). Fe-
male orthopaedic faculty’s average M-index was higher
than their male counterparts only at the level of instructor.
However, this difference was not statistically significant.
In addition, female orthopaedic faculty were significantly
underrepresented in proportion at every academic rank.
Starting at the level of assistant professor and onward, the
number of female faculty grew smaller at each successive
academic rank.

DISCUSSION

The purpose of this study was to evaluate sex-related dif-
ferences in publication rates among faculty at top-ranked
academic orthopaedic surgery residency programs. Among

the 1,173 orthopaedic surgeons identified, 86.3% were male
and 13.7% were female. Forty-six (30.5%) female or-
thopaedic surgeons specialized in pediatrics, followed by
30 females in hand surgery (19.2%). The average M-index
for female orthopaedic surgery faculty was 0.60 (range 0 to
5.00), as compared to 0.93 (range 0 to 5.39) for male or-
thopaedic surgeons. However, female orthopaedic surgery
faculty had a higher average M-index at 4 institutions. Ad-
ditionally, our study demonstrated that the existing or-
thopaedic surgery residency program rankings that have
assessed cumulative measures of academic productivity,
like those from Trikha et al., did not correlate with female
faculty academic productivity at those same programs.
These findings are consistent with previous studies,
which demonstrated that males outnumber females in
many medical specialties including orthopaedic surgery
(Jena et al. 2015; McDermott, Gelb, Wilson, et al. 2018).
Previous studies examining academic productivity of or-
thopaedic surgeons by sex, have demonstrated that when
controlling for academic rank (i.e. assistant professor, asso-
ciate professor, professor), there was not a significant dif-
ference in male and female academic productivity at the
associate professor or professor level (Hoof et al. 2020).
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Average M-Index

Sex
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Figure 1. M-Index Distribution for Female and Male Orthopaedic Surgery Faculty

However, there was a significant difference in H-indices be-
tween male and female orthopaedic surgeons at the assis-
tant professor level, with the H-index for male orthopaedic
surgeons being higher. Our study found that there was a
statistically significant difference in M-indices between
male and female orthopaedic surgery faculty at both the as-
sistant professor and associate professor levels. Although
there is evidence that the sex-based discrepancy in or-
thopaedic academic productivity has decreased over the
last 25 years, the remaining inequity still warrants atten-
tion (Powell et al. 2022; West et al. 2013).

Numerous factors contribute to the differences in rep-
resentation and academic productivity between male and
female orthopaedic surgeons. In a 2016 study by Rhode et
al., female members of Ruth Jackson Orthopaedic Society
(RJOS) noted that a need for “too much physical strength”
is one of the most common deterrents from entry into
the field of orthopaedic surgery (Rohde, Wolf, and Adams
2016). This appears consistent with the distribution of sub-
specialties for female orthopaedic surgery faculty at the top
25 residency programs studied with pediatric orthopaedic
surgery and hand surgery being significantly more common
than physically taxing subspecialties such as total joints or
spine. While factors limiting academic productivity of fe-
male orthopaedic surgeons have not been clearly evaluated,
there is evidence of systemic sex-based bias with regards to
advancement of academic rank in male-dominated special-
ties (Carnes et al. 2015). Additionally, Forrester et al. ex-
amined industry payments, which include, but are not lim-
ited to total research funding, provided to 2939 orthopaedic
surgeons in 2016 (Forrester et al. 2020). When controlling
for faculty rank, years since residency, H-index, and sub-
specialty, the authors found that female orthopaedic sur-

geons received only 29% of the industry payments obtained
by their male counterparts (Forrester et al. 2020).

Our findings are also consistent with similar studies con-
ducted in specialties other than orthopaedic surgery. In a
study that evaluated sex differences in publication rate at
the top 29 academic neurology programs, male faculty out-
numbered females in both quantity and H-index at every
level of academic rank, even after controlling for years since
medical school (McDermott et al. 2018). Similarly, a study
that investigated the sex differences and academic produc-
tivity of faculty at the top 20 highest ranked otolaryngology
programs found that males far outnumbered female faculty,
and the number of female faculty grew smaller as acade-
mic rank increased (Pereira and Kacker 2022). In addition,
male otolaryngology faculty members had higher H-indices
than their female counterparts among professors, associ-
ate professors, assistant professors, and clinical assistant
professors (Pereira and Kacker 2022). A systematic review
and meta-analysis that analyzed sex differences in acade-
mic productivity across multiple specialties while adjusting
for academic rank found similar trends suggesting that fe-
male faculty have lower H-indices than their male counter-
parts (Ha et al. 2021). These results highlight the pervasive
sex disparities that exist in academic productivity and its
corresponding metrics within academic medicine.

While the traditional measures of academic productivity
have been publication rate, citation impact, and grant sup-
port, there is a growing recognition of the importance of
other factors, such as the quality and quantity of teaching,
participation in curriculum development, and administra-
tive effectiveness. Although the number of publications and
H- and M- indices represent only one component of aca-
demic productivity at most orthopaedic surgery residency
programs, it continues to be something that can be eval-
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Table 2. Average Female Faculty M-Index at the Top 25 Most Academically Productive Orthopaedic Surgery

Residency Programs
Residency Program Average M-Index Average Number of Publications
(Female) (Female)
1 Hospital for Special Surgery 1.26 54.71
2 University of California Los Angeles 0.98 57.52
3 University of Pennsylvania 0.90 69.50
4 Massachusetts General Hospital / Brigham / 0.81 82.89
Harvard
5 Mayo Clinic 0.73 65.00
6 University of California San Diego 0.71 40.00
7 Duke University 0.70 28.90
8 Stanford University 0.68 51.31
9 University of Michigan 0.59 33.50
10 University of Connecticut 0.58 18.67
11 Icahn School of Medicine 0.55 28.67
12 Washington University (St. Louis) 0.55 39.30
13 Yale University 0.55 27.50
14 University of California San Francisco 0.54 2291
15 Sidney Kimmel Medical College 0.51 22.67
16 University of Rochester 0.45 29.00
17 New York Presbyterian / Columbia 0.41 13.67
18 Cleveland Clinic 0.40 28.00
19 University of Colorado 0.37 30.00
20 Rush University 0.29 30.00
21 University of Pittsburgh 0.28 8.50
22 University of Utah 0.25 14.33
23 University of lowa 0.24 9.00
24 Brown University 0.20 18.67
25 Virginia Commonwealth University 0.15 414

uated consistently across institutions. Several other psy-
chosocial factors have been suggested to explain the sex-
based disparity in academic rank and publications of faculty
including discrepancies in home or childcare responsibil-
ities, cultural stereotypes, professional isolation (feeling
unsupported, lack of mentors, etc.), and differing career
motivations that place emphasis on aspects other than re-
search production, none of which could be accounted for in
this study.

There are several limitations to this study. The data set
included orthopaedic surgeons from the top 25 academ-
ically productive programs, which represent only a small
fraction of all orthopaedic surgeons in the United States.
Orthopaedic surgeon subspecialty was obtained through
program websites where the level of detail varied consid-
erably, ultimately impacting the classification of individual
orthopaedic surgeons in the data analysis. For example,
some websites used the classification “General Or-
thopaedics,” while other institutions provided a more ex-
tensive list of the areas of surgeon expertise. Similarly, aca-
demic rank was obtained from program websites which may

have been out of date, impacting the classification of in-
dividual orthopaedic surgeons. If academic rank was not
available, orthopaedic surgeons had to be excluded from
that part of the analysis. Lastly, the M-index metric cannot
account for differences in funding or other support received
by orthopaedic surgeons, which may influence their overall
academic productivity.

CONCLUSION

Female orthopaedic surgeons continue to be underrepre-
sented in the field of orthopaedic surgery and tend to have
lower H-and M-indices compared to their male counter-
parts. Additionally, existing orthopaedic surgery residency
program rankings that have assessed cumulative measures
of academic productivity did not correlate with female fac-
ulty academic productivity at those same programs. The
findings provide insight into sex-related disparities in aca-
demic productivity within orthopaedic surgery and high-
light the need for strategies that promote sex-based equity
in this field.
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Table 3. Average Male Faculty M-Index at the Top 25 Most Academically Productive Orthopaedic Surgery
Residency Programs

Residency Program Average M-Index Average Number of Publications
(Male) (Male)
1 Rush University 147 192.47
2 Mayo Clinic 1.38 181.92
3 Washington University (St. Louis) 1.25 128.36
4 Hospital for Special Surgery 1.22 124.78
5 University of lowa 1.19 108.87
6 Duke University 1.07 111.44
7 University of Pennsylvania 1.07 95.41
8 New York Presbyterian / Columbia 1.04 127.41
9 Sidney Kimmel Medical College 1.01 142.33
10 University of Utah 1.00 91.64
11 Stanford University 0.96 107.58
12 Massachusetts General Hospital / Brigham / 0.90 86.54
Harvard
13 University of Michigan 0.88 66.00
14 University of California San Francisco 0.79 67.33
15 University of Pittsburgh 0.78 61.20
16 Cleveland Clinic 0.77 79.65
17 University of California Los Angeles 0.73 116.00
18 University of Rochester 0.72 34.58
19 University of Connecticut 0.71 75.62
20 University of Colorado 0.61 62.73
21 Brown University 0.60 55.20
22 Yale University 0.60 65.04
23 University of California San Diego 0.54 4533
24 Icahn School of Medicine 0.45 37.95
25 Virginia Commonwealth University 0.31 23.00

Table 4. Average M-Index Stratified by Sex and Academic Rank at the Top 25 Most Academically Productive
Orthopaedic Surgery Residency Programs

Academic Rank Average M-Index Maximum M-Index Minimum M-Index

Instructor 1.10 5.00 0.07

Assistant Professor 0.47 1.73 (0]

Associate Professor 0.62 2.93 0.04

Professor 0.90 2.06 0.05

Academic Rank Average M-Index Maximum M-Index Minimum M-Index
Instructor 0.57 4.38 0

Assistant Professor 0.81 5.13 0

Associate Professor 0.87 4.10 (0]

Professor 1.12 5.39 (0]
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