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Abstract
Background Women have long been underrepresented in
orthopaedic surgery; however, there is a lack of quantita-
tive data on the representation of women in orthopaedic
academic program leadership.
Questions/purposes (1) What is the proportion of women
in leadership roles in orthopaedic surgery departments and
residency programs in the United States (specifically,
chairs, vice chairs, program directors, assistant program
directors, and subspecialty division chiefs)? (2) How do
women and men leaders compare in terms of years in po-
sition in those roles, years in practice, academic rank, re-
search productivity as represented by publications, and

subspecialty breakdown? (3) Is there a difference between
men and women in the chair or program director role in
terms of whether they are working in that role at institutions
where they attended medical school or completed their
residency or fellowship?
Methods We identified 161 academic orthopaedic residency
programs from the Accreditation Council for Graduate
Medical Education (ACGME) website. Data (gender, length
of time in position, length of time in practice, professorship
appointment, research productivity as indirectly measured via
PubMed publications, and subspecialty) were collected for
chairs, vice chairs, program directors, assistant program di-
rectors, and subspecialty division chiefs in July 2020 to
control for changes in leadership. Information not provided by
the ACGME and PubMed was found using orthopaedic
program websites and the specific leader’s curriculum vitae.
Complete data were obtained for chairs and program direc-
tors, but there were missing data points for vice chairs, as-
sistant program directors, and division chiefs. All statistical
analysis was performed using SPSS using independent t-tests
for continuous variables and the Pearson chi-square test for
categorical variables, with p < 0.05 considered significant.
Results Three percent (4 of 153) of chairs, 8% (5 of 61)
of vice chairs, 11% (18 of 161) of program directors,
27% (20 of 75) of assistant program directors, and 9%
(45 of 514) of division chiefs were women. There were
varying degrees of missing data points for vice chairs,
assistant program directors, and division chiefs as not all
programs reported or have those positions. Women
chairs had fewer years in their position than men (2 6 1
versus 9 6 7 [95% confidence interval -9.3 to -5.9]; p <
0.001). Women vice chairs more commonly specialized
in hand or tumor compared with men (40% [2 of 5] and
40% [2 of 5] versus 11% [6 of 56] and 4% [2 of 56],
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respectively; X2(9) = 16; p = 0.04). Women program
directors more commonly specialized in tumor or hand
compared with men (33% [6 of 18] and 17% [3 of 18]
versus 6% [9 of 143] and 11% [16 of 143], respectively;
X2(9) = 20; p = 0.02). Women assistant program direc-
tors had fewer years in practice (96 4 years versus 146
11 years [95% CI -10.5 to 1.6]; p = 0.045) and fewer
publications (11 6 7 versus 30 6 48 [95% CI -32.9 to
-5.8]; p = 0.01) than men. Women division chiefs had
fewer years in practice and publications than men and
were most prevalent in tumor and pediatrics (21% [10 of
48] and 16% [9 of 55], respectively) and least prevalent
in spine and adult reconstruction (2% [1 of 60] and 1% [1
of 70], respectively) (X2(9) = 26; p = 0.001). Women
program directors were more likely than men to stay at
the same institution they studied at for medical school
(39% [7 of 18] versus 14% [20 of 143]; odds ratio 3.9
[95% CI 1.4 to 11.3]; p = 0.02) and trained at for resi-
dency (61% [11 of 18] versus 42% [60 of 143]; OR 2.2
[95% CI 0.8 to 5.9]; p = 0.01).
Conclusion The higher percentage of women in junior
leadership positions in orthopaedic surgery, with the data
available, is a promising finding. Hand, tumor, and pedi-
atrics appear to be orthopaedic subspecialties with a higher
percentage of women. However, more improvement is
needed to achieve gender parity in orthopaedics overall,
and more information is needed in terms of publicly
available information on gender representation in ortho-
paedic leadership.
Clinical Relevance Proportional representation of women
in orthopaedics is essential for quality musculoskeletal
care, and proportional representation in leadership may
help encourage women to apply to the specialty. Our
findings suggest movement in an improving direction in
this regard, though more progress is needed.

Introduction

Orthopaedic surgery has long been a specialty that is dis-
proportionately practiced by men. The American Academy
of Orthopaedic Surgeons (AAOS) 2018 census reported
that AAOS membership consisted of only 5.8% women
[3], and, with respect to leadership, in 2016, there was only
one woman department chair in orthopaedic surgery (at
Icahn School of Medicine at Mount Sinai, New York, NY,
USA) [8, 24]. According to the Association of American
Medical Colleges (AAMC) 2019 Report on Residents,
orthopaedic surgery had the smallest proportion of women
residents (15.2%) among surgical subspecialties [4].
Additionally, although women have recently surpassed
men in medical school matriculation in the United States,
women comprised only 14% of orthopaedic residents,
17.8% of full-time orthopaedic surgery faculty at academic

centers, and 8.7% of full professors as of the 2016 to 2017
academic year [8].

Having gender balance in orthopaedic leadership posi-
tions is essential, not only to avoidmissing out on half of all
the good ideas and perspectives, but also to provide men-
torship for potential future orthopaedic surgeons [14, 18,
19]. Given how slow orthopaedics as a field has progressed
with regard to gender parity, increasing women in leader-
ship roles as mentors is of paramount importance [1]. We
were interested in how gender parity in leadership positions
has progressed at academic orthopaedic institutions in
2020, and what factors are associated with women in
leadership roles. To our knowledge, there have been no
studies published on this topic, and in particular, whether
women leaders are more commonly found at institutions
where they previously trained.

We therefore sought to answer three main questions: (1)
What is the proportion of women in leadership roles in
orthopaedic surgery departments and residency programs
in the United States (specifically, chairs, vice chairs, pro-
gram directors, assistant program directors, and sub-
specialty division chiefs)? (2) How do women and men
leaders compare in terms of years in position in those roles,
years in practice, academic rank, research productivity as
represented by publications, and subspecialty breakdown?
(3) Is there a difference between men and women in the
chair or program director role in terms of whether they are
working in that role at institutions where they attended
medical school or completed their residency or fellowship?

Materials and Methods

Data Collection

To determinewhich orthopaedic surgery residency programs
would be assessed in this study, we cross-referenced all 183
currently ACGME-accredited orthopaedic surgery residency
programs with the AAMC program Electronic Residency
Application Services, a portal for graduating medical stu-
dents to apply to residency programs.We chose theACGME
database as it provides the largest centralized database of
chairs and program directors with a combination of self-
reported and recorded information. We only considered
programs that could be applied to the 2018 to 2019 cycle and
were accredited by the ACGME, leaving 161 residency
programs included in this retrospective study. Eight military
orthopaedic residency programs [5] and community ortho-
paedic surgery departments without associated residencies
were excluded from this study, as we wanted the focus of our
study to be on the academic orthopaedic surgery residency
program leadership demographic.

All data were collected from a single-month period from
June 1, 2020 to July 1, 2020 to account for possible

46 Bi et al. Clinical Orthopaedics and Related Research®

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



changes in leadership roles. Chair and program director
name, gender, and years in position were obtained from the
ACGME website for each program. Gender, when avail-
able within the ACGME website, was self-reported by the
chairs and program directors. All other orthopaedic lead-
ership information, including medical school, residency
training, fellowship training, years in practice, and pro-
fessorship, was collected from each orthopaedic surgery
residency program’s website and recorded when available.
When available, an uploaded curriculum vitae on the pro-
gram’s website was also used. Chairs and program direc-
tors’ training locations (medical school, residency, and
fellowship) were recorded. A recent cross-sectional study
of orthopaedic leadership used similar methods [6].

Gender for vice chairs, assistant program directors, and
division chiefs were recorded based on name and picture
when available, which while inaccurate and requires as-
sumption, remained the only method of obtaining this in-
formation. In situations inwhich only a gender-neutral name
was available, a Google-based program that has previously
been used in medical authorship research was used [12, 25].
If unsuccessful, the leader was left out of analysis. Medical
school, residency program, and fellowship training locations
were listed. If an individual had multiple fellowships, each
fellowship location and subspecialty was recorded. Each
individual’s years of experience was calculated from July 1,
2020 retrospectively to the date of board certification, and
the number of years in the current position was also calcu-
lated retrospectively from the same date to the date of hire or
promotion. The level of professorship was recorded at four
levels: full professor, associate professor, assistant pro-
fessor, and other. All information was recorded in this
standardized method for chairs, vice chairs, program direc-
tors, assistant program directors, and division chiefs when
reported by the program’s website. Division chiefs were
defined as chiefs of service of the nine orthopaedic sub-
specialties, and were recorded when available on that or-
thopaedic department’s public website.

Each leader’s research output was recorded using
PubMed. Although an imperfect source, PubMed provides
the most expansive, standardized source of research cita-
tions to best estimate an individual’s research productivity
via publication in academic journals of the medical field
compared with other web databases such as Google
Scholar, SCOPUS, and Web of Science [11]. Textbooks,
websites, and journal publications that are not cited within
PubMed were omitted based on this search methodology.
We preferred to use PubMed citations to H-index as
H-index is a calculated score based on an individual’s re-
search publications and the number of times each of those
publications are cited, and we wished to specifically ex-
amine publications in medical academic journals.
H-indices also vary depending on the web database used
[17]. In addition, we did not use ORCID because of

concerns regarding author identification accuracy [15].
Each individual was searched using the strategy last name,
first name, and middle initial. This individual’s list of
publications was then compared directly with PubMed-
indexed publications linked to the author’s name to provide
an indirect estimate of the individual’s research output.

Among the 161 orthopaedic surgery residency pro-
grams, we identified 153 chairs and 161 program directors.
Eight programs were within general surgery and did not
have an orthopaedic surgeon as a chair. Due to the nature of
our data collection and limitations in available information
on orthopaedic department websites on more ancillary
leadership positions, we were able to identify 61 vice
chairs, 75 assistant program directors, and 514 division
chiefs from the nine orthopaedic subspecialties. No leaders
were excluded due to an inability to determine gender.

Primary and Secondary Study Outcomes

Our primary study goal was to find the current breakdown
of women in orthopaedic leadership roles, specifically
among chairs, vice chairs, program directors, assistant
program directors, and division chiefs. In an attempt to
provide a control group for comparison, we looked at the
percentage of full and associate professors in our database
whowere women, as chairs, vice chairs, and division chiefs
typically are drawn from a pool of these candidates.

Our secondary study goals were to examine differences
between women and men among chairs, vice chairs, pro-
gram directors, assistant program directors, and division
chiefs, as well as to determine whether gender played a role
in chairs or program directors remaining in the same in-
stitution in which they trained.

Bias

The main sources of bias in our study involve the fact that
our data is based on publicly available internet sources,
including ACGME, PubMed, orthopaedic surgery pro-
gram websites, and others. The accuracy of the data col-
lected is dependent on the accuracy of the data reported by
these websites. In addition, there is selection bias from
missing data points, in particular about vice chairs, assis-
tant program directors, and division chiefs. Complete data
points for all recorded information were found for all 153
chairs and 161 program directors, including training loca-
tions. Of the 153 programs that reported an orthopaedic
chair, we found 61 vice chairs reported and thus were
missing a potential 92 data points (as some programs may
not have a vice chair). Of the 161 programs that reported an
orthopaedic program director, we found 75 assistant pro-
gram directors reported and thus were missing a potential
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86 data points. There is a much larger discrepancy with
regard to programs reporting, or even having, subspecialty
division chiefs, and thus it is difficult to draw conclusions
on howmanymissing division chiefs there were in addition
to the 514 we found. Again, no leaders were excluded due
to an inability to determine gender. These biases are further
explored in our limitations section.

Ethical Approval

Ethical approval was not sought for the present study.

Statistical Analysis

Statistical analysis was performed using SPSS (IBM SPSS
Statistics for windows, Version 25.0). The percentage of
women in leadership positions, and in division chief posi-
tions by subspecialty, was calculated and reported as de-
scriptive percentages. Within each leadership position, we
statistically compared men and women using independent
samples t-tests for parametric data on continuous variables
(years in position, years in practice, and number of publi-
cations) and the Pearson chi-square test of independence for
categorical variables (professorship status, subspecialty,
and, for chairs and program directors, if same institution as

medical school, residency, or fellowship, respectively).
Odds ratios were also calculated for all variables, which
created a 2x2 table for analysis (professorship status, and for
chairs and program directors, if same institution as medical
school, residency, or fellowship, respectively). To have a
control group to contextually compare the proportion of
women in leadership positions, we performed descriptive
statistics on the proportion of women with a professorship
title, either full or associate, and subsequently a chi-square
test of independence was conducted between professorship
status and gender (men and women). Odds ratios were also
calculated between professorship status and gender (men
and women). P values less than 0.05 were considered sta-
tistically significant, and 95% confidence intervals were
reported where appropriate.

Results

Proportion of Women in Leadership Roles

Among academic programs, 3% (4 of 153) of chairs, 8% (5
of 61) of vice chairs, 9% (45 of 514) of division chiefs, 11%
(18 of 161) of program directors, and 27% (20 of 75) of
assistant program directors were women (Fig. 1). A chi-
square test of independence was conducted between type of
leadership role and gender (man and woman). All expected

Fig. 1. Proportion of academic orthopaedic leadership positions who are women chairs, vice chairs, division chiefs, program
directors, and assistant program directors.
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cell frequencies were greater than five. There was an as-
sociation between leadership role and gender (x2(5) = 35.4;
p < 0.001). The association was small (Cohen, 1988)
(Cramer V = 0.192).

There were 813 leaders in our data set who were either
full or associate professors, of which 6% (52 of 813) were
women. A chi-square test of independence was conducted
between professorship status and gender (man and
woman). There was an association between professorship
status of full or associate and gender (x2(1) = 9.1; p =
0.003). The association was small (Cohen, 1988) (Cramer
V = 0.106). The odds ratio of professorship in men versus
women was 2.0 [95% confidence interval 1.3 to 3.3].

Women versus Men in Academic Orthopaedic
Leadership Roles

There were several differences between women and
men within the chair, vice chair, program director, as-
sistant program director, and division chief leadership
positions. Four women chairs had been in their position
for a shorter period of years than the 149 chairs who are
men (2 6 1 years versus 9 6 7 years [95% CI -9.3 to
-5.9]; p < 0.001). There were no differences in the mean
number of years in practice (216 6 years versus 266 7
years [95% CI -13.0 to 2.8]; p = 0.21), mean number of
publications (69 6 25 versus 73 6 82 [95% CI -84.8 to

77.7]; p = 0.93), percentage that are full professors (4 of
4 versus 74% [110 of 149]; odds ratio 1.1 [95% CI 1.1 to
1.2]; p = 0.64), or subspecialty breakdown (X2(9) =
13.7; p = 0.13) between women and men, respectively
(Table 1).

With regard to vice chairs, there were no differences in
the mean number of years in practice (136 4 years versus
21 6 10 years [95% CI -22.5 to 5.7]; p = 0.24), mean
number of publications (496 37 versus 49 6 77 [95% CI
-69.0 to 70.9]; p = 0.98), or professorship status (60% [3 of
5] versus 54% [30 of 56]; OR 1.1 [95% CI 0.2 to 7.2]; p =
0.65) between women and men, respectively. There was a
difference in subspecialty breakdown between women and
men vice chairs (X2(9) = 16.0; p = 0.04), with the most
common subspecialties amongwomen being tumor (2 of 5)
and hand (2 of 5) (Table 2).

Women andmen in the program director position had no
differences in years in their current position (6 6 4 years
versus 76 6 years [95% CI -4.0 to 1.8]; p = 0.46), years in
practice (126 7 years versus 186 9 years [95%CI -11.0 to
0.3]; p = 0.06), number of publications (256 26 versus 27
6 33 [95% CI -18.2 to 13.8]; p = 0.79), or full professor-
ship status (33% [6 of 18] versus 20% [29 of 143]; OR 1.3
[95% CI 0.4 to 3.7]; p = 0.43). There was a difference in
subspecialty breakdown betweenwomen andmen (X2(9) =
20.4; p = 0.02), with the most common subspecialties
among women being tumor (6 of 18) and hand (3 of 18)
(Table 3).

Table 1. Women versus men in chair positions

Women chairs (n = 4a) Men chairs (n = 149a) Statistical test results p value

Years in position 2 6 1 9 6 7 Mean difference: -8
(95% CI -9.3 to -5.9)

< 0.001

Years in practice 21 6 6 26 6 7 Mean difference: -5
(95% CI -13.0 to 2.8)

0.21

Number of publications 69 6 25 73 6 82 Mean difference: -4
(95% CI -84.8 to 77.7)

0.93

Full professorship 100 (4) 74 (110) x2(1) = 0.5 0.64

OR = 1.1
(95% CI 1.1 to 1.2)

Subspecialty x2(9) = 13.7 0.13

Adult reconstruction

Foot and ankle

Hand/upper extremity

Pediatrics

Shoulder/elbow

Spine

Sports

Trauma

Tumor

0 (0)

0 (0)

25 (1)

25 (1)

25 (1)

25 (1)

0 (0)

0 (0)

0 (0)

16 (24)

7 (11)

11 (17)

4 (6)

3 (4)

17 (26)

19 (28)

18 (27)

10 (15)

Data presented as mean 6 SD or % (n).
aNo missing data points among orthopaedic chairs. Several chairs had more than one fellowship.
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Women assistant program directors had fewer years in
practice thanmen (96 4 years versus 146 11 years [95%CI
-10.5 to -1.6]; p = 0.045).Men assistant programdirectors had

more publications than women (306 48 versus 116 7 [95%
CI -32.9 to -5.8]; p = 0.01). There was no difference in full
professorship status between women and men (5% [1 of 20]

Table 2. Women versus men in vice chair positions

Women vice chairs (n = 5a) Men vice chairs (n = 56a) Statistical test results p value

Years in practice 13 6 4 21 6 10 Mean difference: -8
(95% CI -22.5 to 5.7)

0.24

Number of publications 49 6 37 49 6 77 Mean difference: 1
(95% CI -69.0 to 70.9)

0.98

Full professorship 60 (3) 54 (30) x2(1) = 0.01 0.65

OR: 1.1
(95% CI 0.2 to 7.2)

Subspecialty x2(9) = 16.0 0.04

Adult reconstruction

Foot and ankle

Hand/upper extremity

Pediatrics

Shoulder/elbow

Spine

Sports

Trauma

Tumor

0 (0)

0 (0)

40 (2)

0 (0)

0 (0)

0 (0)

20 (1)

0 (0)

40 (2)

14 (8)

2 (1)

11 (6)

9 (5)

4 (2)

29 (16)

13 (7)

27 (15)

4 (2)

Data presented as mean 6 SD or % (n).
a92 potential missing data points among orthopaedic vice chairs. Several vice chairs had more than one fellowship.

Table 3. Women versus men in program director positions

Women program
directors (n = 18a)

Men program
directors (n = 143a) Statistical test results p value

Years in position 6 6 4 7 6 6 Mean difference: -1
(95% CI -4.0 to 1.8)

0.46

Years in practice 12 6 7 18 6 9 Mean difference: -5
(95% CI -11.0 to 0.3)

0.06

Number of publications 25 6 26 27 6 33 Mean difference: -2
(95% CI -18.2 to 13.8)

0.79

Full professorship 33 (6) 20 (29) x2(1) = 0.2 0.43

OR: 1.3
(95% CI 0.4 to 3.7)

Subspecialty x2(9) = 20.4 0.02

Adult reconstruction

Foot and ankle

Hand/upper extremity

Pediatrics

Shoulder/elbow

Spine

Sports

Trauma

Tumor

6 (1)

11 (2)

17 (3)

6 (1)

0 (0)

6 (1)

11 (2)

11 (2)

33 (6)

14 (20)

9 (13)

11 (16)

9 (13)

3 (5)

8 (12)

16 (23)

23 (33)

6 (9)

Data presented as mean 6 SD or % (n).
aNo missing data points among orthopaedic program directors.
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versus 11% [6 of 55]; OR 0.4 [95% CI 0.1 to 3.5]; p = 0.36).
The most common subspecialties of women assistant pro-
gram directors were divided evenly among hand/upper ex-
tremity, pediatrics, and trauma (5 of 20 each), with no
difference from their counterparts who were men (Table 4).

Division chiefs who were women had been in practice
for a shorter amount of time thanmen (1667 years versus 21
610 years [95%CI -7.6 to -2.0]; p = 0.001).Women division
chiefs also had fewer publications than men (316 34 versus
556 79 [95% CI -38.7 to -12.0]; p < 0.001). However, there
was no difference in full professorship status between men
andwomen. The subspecialties with the highest proportion of
women division chiefs were tumor (21% [10 of 48]) and
pediatrics (16% [9 of 55]), and the subspecialties with the
lowest proportion of women were spine (2% [1 of 60]) and
adult reconstruction (1% [1 of 70]) (Fig. 2). A chi-square test
of independencewas conducted between the nine orthopaedic
division chief subspecialties and gender (men and women).
There was an association between subspecialty and gender
(x2(9) = 25.8; p = 0.001). The association was small (Cohen,
1988) (Cramer V = 0.224) (Table 5).

Proportion of Chairs and Program Directors Leading
Programs at Which They Trained

For orthopaedic surgery chairs, with the numbers available,
we found no difference in the proportion of men or women
chairs who remained at the same institution where they

studied or trained at for medical school, residency, or fel-
lowship (Table 6).

Women were more likely to serve as program directors
of programs where they had been a medical student and
resident than were men. For medical school, 39% (7 of 18)
of women program directors versus 14% (20 of 143) of
men stayed at the same institution they studied at (OR 3.9
[95% CI 1.4 to 11.3]; p = 0.02). For residency, 61% (11 of
18) of women program directors versus 42% (60 of 143) of
men stayed at the same institution they trained at (OR 2.2
[95% CI 0.8 to 5.9]; p = 0.01). For fellowship, there was no
difference in the proportion of women and men program
directors (17% [3 of 18] versus 6% [8 of 143]; OR 3.0 [95%
CI 0.7 to 12.7]; p = 0.14) who remained at the institution
where they did their fellowship in (Table 6).

Discussion

Having women in orthopaedic leadership roles is important
because of longstanding gender inequality and the impact
that women leaders in orthopaedic surgery have on patient
care, mentorship, and new women applicants [16, 18, 19].
In a 2019 AAMC report, orthopaedic surgery was found to
have the smallest proportion of women residents in medi-
cine [4], and in 2016, there was only one woman chair and
women made up only 8.7% of full professors and 17.8% of
full-time orthopaedic surgery faculty at academic centers
[8]. We wanted to provide the most comprehensive,

Table 4. Women versus men in assistant program director positions

Women assistant program
directors (n = 20a)

Men assistant program
directors (n = 55a) Statistical test results p value

Years in practice 9 6 4 14 6 11 Mean difference: -5
(95% CI -10.5 to -1.6)

0.045

Number of publications 11 6 7 30 6 48 Mean difference: -19
(95% CI -32.9 to -5.8)

0.01

Full professorship 5 (1) 11 (6) x2(1) = 1 0.36

OR: 0.4
(95% CI 0.1 to 3.5)

Subspecialty x2(9) = 9 0.41

Adult reconstruction

Foot and ankle

Hand/upper extremity

Pediatrics

Shoulder/elbow

Spine

Sports

Trauma

Tumor

0 (0)

5 (1)

25 (5)

25 (5)

0 (0)

5 (1)

5 (1)

25 (5)

10 (2)

16 (9)

7 (4)

18 (10)

22 (12)

13 (7)

9 (5)

18 (10)

13 (7)

5 (3)

Data presented as mean 6 SD or % (n).
a86 potential missing data points among orthopaedic assistant program directors.
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objective data set on the current state of women in lead-
ership roles in orthopaedic surgery.We found that although
orthopaedics overall continues to be mostly men, there is

promise in women representation in leadership roles, par-
ticularly in more junior positions, such as assistant program
directors.

Fig. 2. Proportion of orthopaedic division chiefs who are women by subspecialty.

Table 5. Women versus men in subspecialty division chief positions

Women division
chiefs (n = 45)

Men division
chiefs (n = 469) Statistical test results p value

Years in practice 16 6 7 21 6 10 Mean difference: -5
(95% CI -7.6 to -2.0)

0.001

Number of publications 31 6 34 55 6 79 Mean difference: -25
(95% CI -38.7 to -12.0)

< 0.001

Full professorship 38 (17) 41 (193) x2(1) = 0.3 0.34

OR: 0.8 (95% CI 0.4-1.6)

Subspecialtya x2(9) = 25.8 0.001

Adult reconstruction (n = 70)
Foot and ankle (n = 51)

Hand/upper extremity (n = 59)

Pediatrics (n = 55)

Shoulder/elbow (n = 34)

Spine (n = 60)

Sports (n = 73)

Trauma (n = 64)

Tumor (n = 48)

1 (1)

10 (5)

14 (8)

16 (9)

12 (4)

2 (1)

5 (4)

5 (3)

21 (10)

15 (69)

10 (46)

11 (51)

10 (46)

6 (30)

13 (59)

15 (69)

13 (61)

8 (38)

Data presented as mean 6 SD or % (n).
aPercentages for women were calculated based on the n values in the left column; percentages for men were calculated based on
n = 469.
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Limitations

There are several limitations to our primarily cross-sectional
descriptive study, and our results should be taken with the
following inmind. The primary limitation to this study is the
lack of standardized, cross-referenced information about
leadership among orthopaedic surgery departments in gen-
eral. A central source such as the ACGME provided com-
prehensive information about chairs and program directors,
but it did not provide information on vice chairs, assistant
program directors, or division chiefs. For those leadership
positions, we used internet sources primarily involving
PubMed and the orthopaedic program website to collect
supplemental information regarding chairs and program
directors, such as subspecialty and number of publications.
We attempted to obtain accurate information, but in cases in
which this was not possible, the data were omitted, resulting
in nonuniform data. The lack of standardized information
about residencies on the internet has been discussed [10, 20].
Hinds et al. [13] published similar findings about the online
accessibility of information about orthopaedic trauma fel-
lowships. The reason for missing data points, particularly
with regard to vice chairs and assistant program directors,
could be multifactorial; for instance, the orthopaedic pro-
gram does not have a titled vice chair or assistant program
director, or the orthopaedic program website did not report
that information. Regardless, thismakes the interpretation of
conclusions about vice chairs and assistant program direc-
tors in particular difficult and is akin to transfer bias in a
clinical study (the analogy would be loss to follow-up).

Another limitation includes our interpretation of gender
definitions throughout the study. When pulling data from
the ACGME website, gender is self-reported by chairs and

program directors; however, for vice chairs, division
chiefs, and assistant program directors who were found on
official residency websites, gender was often not reported,
and thus gender was assumed by the authors via names
stereotypically associated with “men” or “women.” In
cases in which gender-neutral names existed, we used a
gender-determining Google-based program as described in
the methods section [12, 25], and no leaders had to be
excluded due to failure to determine gender. We ac-
knowledge this limitation, and realize this does not en-
compass more gender-fluid or transgender leaders;
however, we were limited given the lack of self-reported
gender on orthopaedic program websites. Similarly, given
that no publicly available data provide orthopaedic leaders’
ethnicity or race, we elected to defer any attempt at cate-
gorizing leaders that way, given the amount of conjecture
that would be required based on appearance and/or names.

Another limitation to our study is a lack of a specific and
accurate control group, which led to our primarily de-
scriptive study. Ideally, there would be a known amount of
midcareer or later academic orthopaedic surgeons who are
women, as that is the pool in which orthopaedic chairs, vice
chairs, division chiefs, and program directors are often
chosen from. As that would be extremely difficult to de-
termine without publicly available data, to determine a
comparable control group, we used the percentage of full
and associate professors in our dataset that were women.
However, that is an imperfect number because our cohort
is a group of already selected leaders in chair through as-
sistant program director roles, which is why we did not use
that 6.4% proportion to compare statistically but rather
used it as an estimated number for comparison. A final
limitation of our study is we chose to focus on academic

Table 6. Training location of chairs and program directors

Chairs Women (n = 4) Men (n = 149) Statistical test results p value

Same institution as medical school 25 (1) 11 (16) x2(1) = 0.8 0.38

OR: 2.8 (95% CI 0.3-1.2)

Same institution as residency 25 (1) 22 (33) x2(1) = 0.02 0.64

OR: 1.2 (95% CI 0.1-11.6)

Same institution as fellowship 0 (0) 6 (9) x2(1) = 0.2 0.82

OR: 1.1 (95% CI 1.0-1.1)

Program directors Women (n = 18) Men (n = 143) Statistical test results p value

Same institution as medical school 39 (7) 14 (20) x2(1) = 7.1 0.02

OR: 3.9 (95% CI 1.4-11.3)

Same institution as residency 61 (11) 42 (60) x2(1) = 2.4 0.01

OR: 2.2 (95% CI 0.8-5.9)

Same institution as fellowship 17 (3) 6 (8) x2(1) = 2.5 0.14

OR: 3.0 (95% CI 0.7-12.7)

Data presented as % (n).
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orthopaedic surgery departments associated with a resi-
dency programs only, and excluded military and commu-
nity programs, and thus external validity is limited to
academic programs.

Proportion of Women in Leadership Roles

With the data sets available, we found an increasing
percentage of women within orthopaedic leadership roles,
from chair to vice chair to division chief to program di-
rectors to assistant program directors. Although only 3%
of chairs were found to be women, when compared with
the pool of candidates for a chair position, which we
considered to be full or associate professors, our cohort of
full and associate professors was found to be 6.4%
women, and a prior study by Chambers et al. [8] found
that 8.7% of full professors in orthopaedics were women.
Women chairs were found to be in the position for a
shorter period of time than their men counterparts, and
when combined with the growth from one chair in 2016 to
four chairs in 2020, this lends credence to theory that as
these positions slowly turnover, more women will be
considered for the chair position. Vice chair and division
chief positions had more than three times the percentage
of women than chairs, about comparable with the per-
centage of full and associate professors who are women.
Program directors and assistant program directors often
are selected from more junior faculty and can range from
full to assistant professors. It is a promising finding that
11% of program directors are women and 27% of assistant
program directors are women. Although still far from
equal, compared with the 17.8% of women who are full-
time faculty at orthopaedic academic centers [8], this
growth at junior leadership positions points toward
growth in women in leadership roles in the future. This
trend is substantiated by the AAOS 2018 census, which
demonstrated a higher proportion of younger women in
orthopaedic surgery; 15.9% of orthopaedic surgeons
younger than 40 years were women, and only 0.2% of
those 70 years and older were women [3]. However, im-
provement must continue at all levels, not just junior
leadership roles, as studies have shown that a lack of
women mentors is associated with a decreased likelihood
that women medical students will apply to orthopaedics
[18, 19]. Another study by Shah et al. [23] found that
although the overall percentage of women faculty mem-
bers increased over their study period, the growth was
slower than in other medical specialties, and that growth
within senior faculty positions, defined as full or associate
professors, grew at less than half the number of women in
other medical specialties [23]. And a recent study by
Acuña et al. [1] demonstrated that at the current rate of

change it would take more than 200 years for orthopaedic
surgery to achieve gender parity.

Women versus Men in Academic Orthopaedic
Leadership Roles

There were few differences between women and men in
orthopaedic leadership roles. Chairs, assistant program
directors, and division chiefs who were women were
found to serve in their leadership role for considerably
shorter periods than their men counterparts at the time of
our survey; however, there were no differences among
men and women vice chairs or program directors. The
fact that women chairs were in the position for signifi-
cantly shorter periods of time than their men counterparts
highlights the recent increase in women obtaining the
chair position, up from one woman in 2016 to four in
2020. This hopefully suggests that as more chair posi-
tions open up, women will continue to be considered and
hired. There were no differences in research productivity
as defined by PubMed publications among women and
men leaders except for among division chiefs and assis-
tant program directors, where men had more publications
than women. Brown et al. [7] found that women pub-
lished at a lower proportion than expected compared with
the percentage of practicing orthopaedic surgeons who
were women, and that the proportion of growth in the
number of publications by women increased more slowly
than the proportion of women in orthopaedics. Another
study found more promising data after examining three
major orthopaedic journals, finding faster growth in the
numbers of first and last authors who were women [22].
However, the authors found that none of the nine editors-
in-chief were women. No individual leadership positions
had a difference in percentage of full professors between
genders; however, when taken as a conglomerate, men
leaders were more likely to be full professors than
women, which corroborates the study by Shah et al. [23].
Vice chairs, program directors, and division chiefs had
differences in subspecialty breakdown between women
and men. The two most common subspecialties among
vice chair and program director women were tumor and
hand. The subspecialties with the highest percentage of
women among division chiefs were tumor, hand, and
pediatrics, and the lowest percentages were in adult re-
construction and spine. Our findings that women in or-
thopaedics tend to gravitate toward certain subspecialties
are corroborated by others; in an analysis of the National
Graduate Medical Education Census, a study found that
women orthopaedic fellows were more highly repre-
sented in pediatrics, hand, and tumor than other subspe-
cialties [21].
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Proportion of Chairs and Program Directors Leading
Programs at Which They Trained

Women were more likely to serve as program directors of
programs where they had been a resident or medical stu-
dent than were men. This was not found among chairs,
although that may have been limited by an extremely small
sample size. Several theories may explain this finding.
Women in orthopaedics who study and train at an in-
stitution for medical school and residency may build a
quality reputation and have a positive familiarity, and after
returning from fellowship, they may be more likely to be
selected to run the program as a program director. There
may also be geographic variation to diversity in ortho-
paedics, as certain residency programs continue to graduate
more women orthopaedic surgeons than others. In the most
recent AAOS census, only nine orthopaedic programs had
more than 20% women enrolled in each of their 5 years of
residency, and in 57 residencies at least 1 of the 5 years of
the program had more than 20% women. Thirty programs
had no women in at least 1 of the 5 years of residency, and
eight programs did not have a single trainee who was a
woman [3]. A recent study by Chapman et al. [9] found the
highest prevalence of women in orthopaedic surgery was in
New England and Pacific regions, and the lowest was in the
South Atlantic and East South Central regions, and overall,
they found a greater level of variation than other medical
specialties.

Conclusion

Although orthopaedics overall continues to lag in in-
creasing women in the specialty, there appears to be a
promising increase in women in junior leadership posi-
tions. The field has increased from a single women chair
in 2016 to four in 2020; vice chairs, division chiefs, and
program directors are about evenly represented when
compared with the percentage of potential candidates who
are women, and women assistant program directors may
even be represented in slightly larger numbers. Overall,
orthopaedics continues to need improvement in the rep-
resentation of women in the field, and with increasing
women in junior leadership positions, and direct men-
torship or pipeline programs such as the Ruth Jackson
Orthopaedic Society, Nth Dimensions, and The Perry
Initiative [16], we as a field must continue to encourage
this growth. An area of future research should be directed
toward following these data longitudinally to investigate
whether this trend of higher percentage of women in ju-
nior leadership positions matriculates into increasing the
percentage of women in higher levels of leadership, such
as chair and vice chair. We propose that future work
should be directed at providing higher-quality, more

consistent, publicly available information on leadership
in orthopaedic surgery. There is currently no publicly
available, centralized source of information on vice
chairs, assistant program directors, or division chiefs of
orthopaedic programs in the United States, and individual
program websites vary widely in the quality and avail-
ability of information.
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