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Abstract
Background Orthopaedic surgery training programs have
lagged behind other surgical specialties in increasing their
representation of women and people from under-represented
minority (URM) groups. Comparative data between ortho-
paedic surgery and other specialties are needed to help identify
solutions to closing the diversity gap.
Questions/purposes (1) Which surgical specialties have
the greatest representation of women residents and resi-
dents from URM groups? (2) How have the proportions of
women residents and residents from URM groups changed
across the surgical specialties during the past decade?
Methods This was a retrospective evaluation of a large,
longitudinally maintained survey database. Resident data
by gender and ethnicity were retrieved from the
Accreditation Council for Graduate Medical Education
Data Resource Books for the 2011 to 2012 through 2019 to
2020 academic years. The Accreditation Council for
Graduate Medical Education database is updated annually;
thus, it is the most up-to-date and complete database

available for gender and ethnicity data for all surgical residents.
Data were obtained and analyzed for seven different surgical
specialties: orthopaedic surgery, neurosurgery, ophthalmology,
otolaryngology, plastic surgery, general surgery, and urology.
No sampling was necessary, and thus descriptive statistics of
the data were completed. Because the entire population of
residents was included for the period of time in question, no
statistical comparisonsweremade, and the reported differences
represent absolute differences between the groups for these
periods. Linear regression analyseswere performed to estimate
the annual growth rates of women residents and residents from
URM groups in each specialty.
Results Among the seven surgical specialties, representation
of women residents increased from 28% (4640 of 16,854) of
residents in 2012 to 33% (6879 of 20,788) in 2020.
Orthopaedic surgery had the lowest representation of women
residents every year, with women residents comprising 16%
of residents (700 of 4342) in 2020. Among the seven surgical
specialties, representation of residents from URM groups
increased from 8.1% (1362 of 16,854) in 2012 to 9.7% (2013
of 20,788) in 2020. In 2020, the representation of residents
from URM groups in orthopaedic surgery was 7.7% (333 of
4342). In 2020, general surgery had the highest representation
of women residents (42%; 3696 of 8809) as well as residents
from URM groups (12%; 1065 of 8809). Plastic surgery
(1.46% per year) and general surgery (0.95% per year) had
larger annual growth rates of women residents than the other
specialties did. In each surgical specialty, the annual growth
rate of residents from URM groups was insignificant.
Conclusion During the past decade, there was only a small
increase in the representation of women in orthopaedic surgery,
while the representation of people from URM groups did not
change. In contrast, by 2020, general surgery had become the
most diverse among the seven surgical specialties. To increase
diversity in our field, we need to evaluate and implement some

Each author certifies that there are no funding or commercial
associations (consultancies, stock ownership, equity interest,
patent/licensing arrangements, etc.) that might pose a conflict of
interest in connection with the submitted article related to the
author or any immediate family members.
All ICMJE Conflict of Interest Forms for authors and Clinical
Orthopaedics and Related Research® editors and board members
are on file with the publication and can be viewed on request.
Ethical approval for this study was not sought.

1Department of Orthopaedics, University of California, Davis,
Sacramento, CA, USA

M. R. Haffner ✉, Department of Orthopaedics, University of
California, Davis, 2315 Stockton Blvd. Sacramento, CA 95817,
USA, Email: mrhaffner@ucdavis.edu

Copyright © 2021 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

mailto:mrhaffner@ucdavis.edu


of the effective interventions that have helped general surgery
become the diverse surgical specialty that it is today.
Clinical Relevance General surgery has substantially re-
duced gender and ethnic disparities that existed in the past,
while those in orthopaedic surgery still persist. General sur-
gery residencies have implemented a holistic review of resi-
dent applications and longitudinal mentoring programs to
successfully address these disparities. Orthopaedic surgery
programs should consider placing less emphasis on United
States Medical Licensing Examination score thresholds and
more weight on applicants’ non-academic attributes, and put
more efforts into targeted longitudinal mentorship programs,
some of which should be led by non-minority faculty.

Introduction

Having a diverse and balanced workforce in which pop-
ulations of physicians generally represent the patients
whom they serve in terms of gender, race, and ethnicity has
been associated with improved clinical care and patient
satisfaction [9, 27, 30]. Historically, women and people
from under-represented minority (URM) groups have
constituted a small percentage of practicing physicians
relative to the demographic make-up of the general pop-
ulation. In 1970, 11% of students in medical schools were
women, and an even smaller percentage of medical stu-
dents were considered to be from URM groups [7]. There
has been increased representation during the past five de-
cades, with more women matriculating to medical school
than men in 2020 and people from URM groups com-
prising approximately 22% of total matriculants [5].
However, this upward trend of women and URM repre-
sentation in medicine has not been observed in many sur-
gical specialties, particularly orthopaedic surgery [25].

Studies have found that women constitute less than 15%
of orthopaedic surgery residents [7, 25]. Similarly, the per-
centage of residents in orthopaedic surgery who were from
URM groups decreased between 2002 and 2016, although
there was greater representation of people from URM groups
among medical school graduates [4, 24]. There are clear
gender and ethnic disparities in orthopaedic surgery, but no
effective solution has been found [7, 24, 25]. Previous anal-
yses evaluating orthopaedic surgery in terms of representation
of women and people from URM groups have lacked com-
parative data with other surgical specialties and are not up to
date. More detailed information that identifies which spe-
cialties have seen faster rates of growth in the number of
women and people from URM groups may help guide so-
lutions to this complex problem in orthopaedic surgery.

We therefore asked: (1) Which surgical specialties have
the greatest representation of women residents and resi-
dents from URM groups? (2) How have the proportions of
women residents and residents from URM groups changed
across the surgical specialties during the past decade?

Materials and Methods

Study Design and Setting

This was a retrospective survey of a large, longitudinally
maintained database retrieved from the Accreditation
Council for Graduate Medical Education Data Resource
Books for the 2011 to 2012 to 2019 to 2020 academic years
[2]. The Accreditation Council for Graduate Medical
Education database is updated annually as a requirement
for institutions to maintain their accreditation status. We
believe this database is ultimately the most comprehensive
and up-to-date database available for gender and ethnicity
data for residents in all surgical specialties.

Participants

All surgical residents attending an Accreditation Council
for Graduate Medical Education–accredited institution
were included in this study. Resident demographic in-
formation by gender and ethnicity was retrieved. Data were
obtained for seven different surgical specialties: ortho-
paedics, neurosurgery, ophthalmology, otolaryngology,
plastic surgery, general surgery, and urology. Residents
from plastic surgery and plastic surgery–integrated pro-
grams were combined into one specialty for analysis.

Definitions and Observations

Gender was categorized dichotomously as either men or
women. Ethnicity was classified into the following categories
according to the Accreditation Council for Graduate Medical
Education [2]: white, non-Hispanic; Asian or Pacific Islander;
Hispanic; Black, non-Hispanic; Native American or Alaskan;
other; and unknown. Residents who were from URM groups
included those who were Hispanic, Black, or Native American
or Alaskan. From 2011 to 2019, Asian and Pacific Islander
residents were grouped together. During the 2019 to 2020 aca-
demic year, however, Asian and Pacific Islander residents were
no longer combined into one ethnic group. Instead, a new ethnic
group, Native Hawaiian or Pacific Islander, was created, which
was also considered a URM in our study. Nonetheless, the
number of residents in the Native Hawaiian or Pacific Islander
group was very small and did not affect our analysis. Lastly,
some ethnic datawere categorized as “other” or “unknown” and
were not included in our analysis. These represented a small
proportion of the overall dataset.

Primary and Secondary Study Outcomes

The primary goal of our study was to assess which surgical
specialties had the greatest representation of women residents
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and residents from URM groups during the study period. To
achieve this, we determined the proportions of residents who
were women or from URM groups in each surgical specialty.

Second, we aimed to assess how the proportions of
women residents and residents from URM groups have
changed during the past decade. To achieve this, we cal-
culated the rates of change for residents who were women
or from URM groups in each surgical specialty.

Ethical Approval

Per the policy of our institution, institutional review board
approval is not required for data that are publicly available
and deidentified. Thus, ethical approval for this study was
not sought.

Statistical Analysis

Accreditation Council for Graduate Medical Education data
contain the information of all surgical residents. Therefore,
since no sampling was necessary, no direct statisical compar-
ison was made between the two groups. The differences

reported therefore represent the absolute differences between
the groups for the periods we studied. Descriptive statistical
analyses were performed using IBM SPSS Statistics for
Windows, version 26 (IBMCorp.). Linear regression analyses
were performed to estimate the annual growth rates of women
residents and residents from URM groups in each specialty.

Results

Which Surgical Specialties Have the Greatest
Representation of Women and People from URM Groups?

Orthopaedic surgery had the lowest mean representation of
women residents over the 9-year study period (Fig. 1). Among
the seven surgical specialties analyzed in this study, represen-
tation of women residents increased from 28% (4640 of 16,854
residents) to 33% (6879 of 20,788). In 2020, the representation
of women residents in orthopaedic surgery was 16% (700 of
4342) (Fig. 2). Orthopaedic surgery only had a 3.3% increase in
the representation of women residents from 2012 to 2020
(Fig. 2). In 2020, general surgery had the largest representation
ofwomen residents at 42% (3696 of 8809 residents), whichwas
8.7% higher than in 2012 (Fig. 2). Over the 9-year study period,

Fig. 1 This graph shows the mean percentage of women residents by specialty from 2011 to 2020.
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representation ofwomen residents among all medical specialties
increased from 43% (49,403 of 115,293) to 45% (65,382 of
144,988) (Fig. 2). Plastic surgery had an increase of 12% in the
representation of women residents during the study period
(Fig. 2).

Orthopaedic surgery ranked fifth of the seven surgical
specialties examined in the mean representation of residents
from URM groups during the 9-year study period (Fig. 3).
During this period, representation of residents from URM
groups among all medical specialties increased from 9.6%
(11,069 of 115,293) to 12% (16,926 of 144,988) (Fig. 4).
Among the seven surgical specialties, representation of resi-
dents from URM groups increased from 8.1% (1362 of
16,854 residents) to 9.7% (2013 of 20,788). In 2020, the
representation of residents from URM groups in orthopaedic
surgerywas 7.7% (333 of 4342) (Fig. 4). Orthopaedic surgery
only had a 1.2% increase in the representation of residents
from URM groups from 2012 to 2020 (Fig. 4). In 2020,
general surgery had the largest representation of residents
fromURMgroups (12%; 1065 of 8809 residents), which was
2.3% higher than in 2012 (Fig. 4).

How Have the Proportions of Women and People from
URM Groups Changed Across the Surgical Specialties
During the Past Decade?

During the study period, among all medical specialties, the
annual growth rate for women residents was 0.16%, and
0.15% for residents from URM groups. Among the seven
surgical specialties combined, the annual growth rate for

women residents was 0.60%, and 0.07% for residents from
URM groups. Plastic surgery (1.46% per year) and general
surgery (0.95% per year) had larger annual growth rates of
women residents than the other specialties did. In each
surgical specialty, the annual growth rate of residents from
URM groups was insignificant (Table 1).

Discussion

The increase of women and people from URM groups entering
medicine has not been observed in orthopaedic surgery. The
need to improve gender and ethnic diversity in orthopaedic
surgery iswell supported by evidence showing improved patient
care when there is physician-patient gender and ethnic concor-
dance [9, 27, 30]. We found that the gender and ethnic makeup
of orthopaedic surgery residencies has not changed substantially
during the past decade and remains at or near the bottom in all
categories examined. We found large differences among spe-
cialties, some ofwhich have reduced disparities to amuch larger
degree than others. General surgery, through concrete actions
that we will outline here, has increased its representation of
women residents and residents from URM groups to be the
highest among the surgical specialties.

Limitations

This study has several limitations. First, we did not have data
in our study to longitudinally compare the applicant pool’s

Fig. 2 This graph shows the yearly growth rates from 2011 to 2020 for women residents
across all surgical specialties.
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Fig. 3 This graph shows the mean percentage of under-represented minority residents by specialty from 2011 to 2020.

Fig. 4 This graph shows the yearly growth rates from 2011 to 2020 for under-represented
minority residents across all surgical specialties.
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demographics and the demographics of applicants who have
successfully matched. This would be of great utility in iden-
tifying whether the diversity gap is primarily driven by a bias
in the application process. However, some research suggests
that women match into orthopaedic surgery at higher rates
than men do, suggesting that the better place to address the
disparitymay be during applicant recruiting rather than during
the selection process [29]. Second, some ethnicity data were
categorized as other or unknown, which were not included in
our analysis. However, these represented a small proportion
of the overall dataset and likely did not substantially affect our
results. Finally, applicants were categorized as either men or
women, and thus we were unable to collect information re-
garding residents who were nonbinary.

Representation and Change in the Proportion of Women in
Surgical Specialties During the Past Decade

During the 9-year study period, orthopaedic surgery had
the lowest representation of women residents, with little
change over time. Consistent with our data, Acuña et al. [3]
estimated that based on current rates of growth, gender
parity between orthopaedic surgery and the overall medical
profession (36% of practicing women orthopaedists)
would not occur for 217 years. Examining the interventions
that have helped general surgery to increase the represen-
tation of women may help shorten what has been a pro-
longed and as-yet incomplete course to parity for
orthopaedic surgery. In fact, between 1994 and 2020,
general surgery has more than doubled the proportion of
women trainees, from 18.5% to 42% [1]. Performing a
holistic review of applicants has been identified as a sub-
stantial contributor to closing the gender gap in general
surgery [11, 22]. A holistic review focuses on selecting
applicants with weight placed on experiences and personal
attributes rather than academic metrics (United States
Medical Licensing Examination scores, grades, and Alpha
Omega Alpha honors society status) alone. Nehemiah et al.

[22] implemented a holistic review of applicants that in-
volved blinding selection committee members to United
States Medical Licensing Examination scores, grades, and
ethnicity, which resulted in an increase in the proportion of
women ranked at their program by 19% compared with their
previous formula for selection. Historically, orthopaedics has
required some of the highest United StatesMedical Licensing
Examination scores in order for an applicant to be considered
competitive [21]. De-emphasizing standardized testing,
which may be biased toward certain demographics [8, 26],
and considering a holistic review would help improve the
substantial gender gap currently present.

Representation and Change in the Proportion of URM
Groups in Surgical Specialties During the Past Decade

Orthopaedic surgery, similar to the other surgical special-
ties we studied, had low representation of residents from
URM groups. There was little change in the proportion of
residents from URM groups in any surgical specialty dur-
ing the study period. Similar to its success with recruiting
women through methods such as using a holistic review of
applicants and less reliance on objective measures, general
surgery had the highest representation of residents fromURM
groups [10, 12, 22]. Outside surgery, a holistic review of
applicants from URM groups in pediatrics has garnered a
large increase in representation in a short time period [18].
Therefore, to ensure similar success in achieving parity
among women and people from URM groups in orthopaedic
surgery, we believe similar changes are needed at the resi-
dency recruitment level. We recommend these four steps,
which have worked for other specialties, in order to increase
recruitment and retainment of women and people from URM
groups in orthopaedic surgery (Table 2):

1. Revise scoring rubrics to reduce reliance on objective
measures (grades, United States Medical Licensing
Examination Step 1 and 2 scores, and Alpha Omega

Table 1. Annual growth rates for women residents and residents from URM groups

Parameter Women residents, % Residents from URM groups, %

All medical specialties 0.16 0.15

All seven surgical specialties combined 0.60 0.07

Orthopaedic surgery 0.34 0.08

General surgery 0.95 0.05

Neurosurgery 0.39 0.04

Urology 0.53 -0.08

Ophthalmology -0.38 0.25

Otolaryngology 0.47 0.16

Plastic surgery 1.5 0.03
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Alpha membership) and discrete score cutoffs because
these reinforce structural inequities that benefit those
who are primarily white or come from more affluent
backgrounds [8, 10, 12, 14].

2. Have residency program directors create explicit goals
for recruitment such as “1/3 of recruitment members to
be women or be from URM groups in 5 years, with suc-
cess being 50/50 in 10 years,” because group leaders are
the most important source of normative change [13]. A
similar concept has been applied to the National Football
League under the “Rooney Rule,” which requires league
teams to interview ethnic minority candidates for head
coaching positions. In the first 4 years since its imple-
mentation in 2002, the National Football League saw the
number of Black coaches increase from 6% to 22% [17].

3. Institute mandatory unconscious bias training for those
involved in resident recruitment as outlined by the
Association of American Medical Colleges, because most
facultymembers arewhitemenand this group (white faculty
men) were found to display substantial levels of implicit
white preference at the medical school admissions level [6].

4. Implement a longitudinal mentorship program for
women and URM medical students that provides early
exposure to orthopaedics, specialty immersion, and on-
going mentorship, as demonstrated in the Nth
Dimension Pipeline Initiative Curriculum. This final rec-
ommendation primarily targets fostering interest in or-
thopaedics rather than improving the application
selection process. Although the design of this study, by

definition, included some selection bias (it was limited to
medical students who chose to participate), Mason et al.
[20] found that people from URM groups and women
who participated in the Nth Dimension were 15 and 51
times more likely, respectively, to apply to orthopaedic
surgery than the national average. The Nth Dimension
has proven to be effective in recruiting people from URM
groups and women to other surgical specialties as well
[19]. However, these programs can require substantial
time and funding, and they might be underused. We
believe that future research identifying the highest yield
components of these programs, in term of cost-
effectiveness, would be of great importance for our
specialty. These mentorship programs often place a
disproportionate burden on faculty from URM groups by
asking them to play leadership roles [23]. Faculty be-
longing to majority groups should be tasked with lead-
ing at least some of these initiatives to remove the
burden from a group that is already burdened [15].

Conclusion

During the past decade, orthopaedic surgery had the lowest
representation of women residents compared with six other
surgical specialties. In addition, the representation of resi-
dents from URM groups in orthopaedic surgery did not
change from 2012 to 2020. The annual growth rate of women
residents in each surgical specialty was small, while the

Table 2. Summary of actionable items to decrease the gender and diversity gap in orthopaedic surgery

Level of change Immediate actionable items

Medical student interest 1. Longitudinal mentorship program implementation. Have greater involvement of orthopaedic
faculty who belong in the majority group (white men) in longitudinal mentorship programs such
as Nth Dimensions and the Perry Initiative so that the burden does not fall solely on faculty from

URM groups

2. Required orthopaedic surgery rotation during core third year clerkships. Implement mandatory
musculoskeletal clerkships, which were found to create a relative 81% increase in women and

101% increase in people from URM groups into orthopaedic surgery [16]

Department optics/faculty
representation

1. Publicize diversity and inclusion efforts on residency program websites. Include visions of
diversity and inclusion on residency program websites, because this has a correlation with an

increase in the proportion of women residents [28]

2. Explicit goals and visions. Encourage residency program directors to direct normative change
through creating public and explicit diversity and inclusion goals

3. Rooney Rule. Adopt the Rooney Rule from the National Football League, in which residency
programs must interview at least one minority or woman candidate when choosing a new faculty

member [17]

Application review process 1. Holistic review. Create a holistic review process with new scoring rubrics that de-emphasizes the
importance of discrete United States Medical Licensing Examination Step 1 and 2 cutoffs and
Alpha Omega Alpha status during the residency application review process, and places greater

weight on experiences and personal attributes

2. Implicit bias training. Require unconscious bias training in order to decrease the significant
levels of implicit white preference in application review processes [6]
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annual growth rate of residents from URM groups did not
change. By 2020, general surgery had become the most di-
verse surgical specialty. General surgery provides an example
of how it is possible to substantially improve the representa-
tion of women, primarily through a holistic review of resident
applications. Orthopaedic surgery would benefit from
implementing a more holistic review of resident applications,
with less emphasis on academic achievement and United
States Medical Licensing Examination screening thresholds,
which can be ethnically biased. More time and financial in-
vestment in longitudinal mentorship programs aimed to re-
cruit students who are women or from URM groups into
orthopaedics should be implemented. Further research is
needed to identify which components of holistic review and
longitudinal mentorship provide the most effective (and cost
effective) increases in women and people from URM groups
entering orthopaedic surgery.
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