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Abstract
Background A diverse physician workforce improves the
quality of care for all patients, and there is a need for greater
diversity in orthopaedic surgery. It is important that med-
ical students of diverse backgrounds be encouraged to
pursue the specialty, but to do so, we must understand
students’ perceptions of diversity and inclusion in ortho-
paedics. We also currently lack knowledge about how

participation in an orthopaedic clinical rotation might in-
fluence these perceptions.
Questions/purposes (1) How do the perceptions of di-
versity and inclusion in orthopaedic surgery compare
among medical students of different gender identities,
races or ethnicities, and sexual orientations? (2) How do
perceptions change after an orthopaedic clinical rotation
among members of demographic groups who are not
the majority in orthopaedics (that is, cis-gender women,
underrepresented racial minorities, other racial minorities,
and nonheterosexual people)?
Methods We surveyed students from 27 US medical
schools who had completed orthopaedic rotations. We
asked about their demographic characteristics, rotation
experience, perceptions of diversity and inclusion in or-
thopaedics, and personal views on specialty choice.
Questions were derived from diversity, equity, and in-
clusion climate surveys used at major academic institu-
tions. Cis-gender men and cis-gender women were defined
as those who self-identified their gender as men or women,
respectively, and were not transgender. Forty-five percent
(59 of 131) of respondents were cis-men and 53% (70 of
131) were cis-women; 49% (64 of 131) were white, 20%
(26 of 131) were of underrepresented racial minorities, and
31% (41 of 131) were of other races. Eighty-five percent
(112 of 131) of respondents were heterosexual and 15%
(19 of 131) reported having another sexual orientation. We
compared prerotation and postrotation perceptions of di-
versity and inclusion between majority and nonmajority
demographic groups for each demographic domain (for
example, cis-men versus cis-women). We also compared
prerotation to postrotation perceptions within each non-
majority demographic group. To identify potential con-
founding variables, we performed univariate analysis to
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compare student and rotation characteristics across the
demographic groups, assessed using an alpha of 0.05. No
potential confounders were identified. Statistical signifi-
cance was assessed at a Bonferroni-adjusted alpha of
0.0125. Our estimated response percentage was 26%. To
determine limitations of nonresponse bias, we compared all
early versus late responders and found that for three survey
questions, late responders had a more favorable perception
of diversity in orthopaedic surgery, whereas for most
questions, there was no difference.
Results Before rotation, cis-women had lower agreement
that diversity and inclusion are part of orthopaedic culture
(mean score 0.96 6 0.75) compared with cis-men (1.4 6
1.1) (mean difference 0.48 [95% confidence interval 0.16
to 0.81]; p = 0.004), viewed orthopaedic surgery as less
diverse (cis-women 0.71 6 0.73 versus cis-men 1.2 6
0.92; mean difference 0.49 [95% CI 0.20 to 0.78]; p =
0.001) and more sexist (cis-women 1.3 6 0.92 versus cis-
men 1.9 6 1.2; mean difference 0.61 [95% CI 0.23 to
0.99]; p = 0.002), believed they would have to work harder
than others to be valued equally (cis-women 2.8 6 1.0
versus cis-men 1.9 6 1.3; mean difference 0.87 [95% CI
0.45 to 1.3]; p < 0.001), and were less likely to pursue
orthopaedic surgery (cis-women 1.4 6 1.4 versus cis-men
2.6 6 1.1; mean difference 1.2 [95% CI 0.76 to 1.6]; p <
0.001). Before rotation, underrepresented minorities had
less agreement that diversity and inclusion are part of or-
thopaedic surgery culture (0.73 6 0.72) compared with
white students (1.56 0.97) (mean difference 0.72 [95% CI
0.35 to 1.1]; p < 0.001). Many of these differences between
nonmajority and majority demographic groups ceased to
exist after rotation. Compared with their own prerotation
beliefs, after rotation, cis-women believed more that di-
versity and inclusion are part of orthopaedic surgery culture
(prerotation mean score 0.96 6 0.75 versus postrotation
mean score 1.26 0.96; mean difference 0.60 [95% CI 0.22
to 0.98]; p = 0.002) and that orthopaedic surgery is
friendlier (prerotation 2.3 6 1.2 versus postrotation 2.6 6
1.1; mean difference 0.41 [95% CI 0.14 to 0.69]; p =
0.004), more diverse (prerotation 0.71 6 0.73 versus
postrotation 1.0 6 0.89; mean difference 0.28 [95% CI
0.08 to 0.49]; p = 0.007), less sexist (prerotation 1.36 0.92
versus postrotation 1.9 6 1.0; mean difference 0.63 [95%
CI 0.40 to 0.85]; p < 0.001), less homophobic (prerotation
2.16 1.0 versus postrotation 2.4 6 0.97; mean difference
0.27 [95% CI 0.062 to 0.47]; p = 0.011), and less racist
(prerotation 2.36 1.1 versus postrotation 2.56 1.1; mean
difference 0.28 [95% CI 0.099 to 0.47]; p = 0.003).
Compared with before rotation, after rotation cis-women
believed less that they would have to work harder than
others to be valued equally on the rotation (prerotation 2.8
6 1.0 versus postrotation 2.56 1.0; mean difference 0.31
[95% CI 0.12 to 0.50]; p = 0.002), as did nonheterosexual
students (prerotation 2.4 6 1.4 versus postrotation

1.8 6 1.3; mean difference 0.56 [95% 0.21 to 0.91]; p =
0.004). Underrepresented minority students saw orthopae-
dic surgery as less sexist after rotation compared with before
rotation (prerotation 1.56 1.1 versus postrotation 2.06 1.1;
mean difference 0.52 [95% CI 0.16 to 0.89]; p = 0.007).
Conclusion Even with an estimated 26% response percent-
age, we found that medical students of demographic back-
grounds who are not the majority in orthopaedics generally
perceived that orthopaedic surgery is less diverse and in-
clusive than do their counterparts inmajority groups, but these
views often change after a clinical orthopaedic rotation.
Clinical Relevance These perceptions may be a barrier to
diversification of the pool of medical student applicants to
orthopaedics. However, participation in an orthopaedic
surgery rotation is associated with mitigation of many of
these negative perceptions among diverse students.
Medical schools have a responsibility to develop a diverse
workforce, and given our findings, schools should promote
participation in a clinical orthopaedic rotation. Residency
programs and orthopaedic organizations can also increase
exposure to the field through the rotation and other means.
Doing so may ultimately diversify the orthopaedic surgeon
workforce and improve care for all orthopaedic patients.

Introduction

A diverse physician workforce is essential to providing
high-quality care for all patients. This occurs in part
through the direct patient experience, where, for example,
patients seeing race-concordant physicians report more
participation in decision-making [14]. Minority physicians
may possess greater cultural competence than nonminority
physicians when working with patients of like back-
grounds [33], and physicians’ cultural sensitivity is es-
sential to caring for diverse patients [24] and is positively
correlated with patients’ views of the quality of interaction
with their physician [34]. Diversity may also help address
disparities in care, which are prevalent in orthopaedic
surgery [2, 8, 35], as minority physicians care for a dis-
proportionately high fraction of minority patients as well as
those covered by Medicaid or the uninsured [22]. Finally,
greater physician diversity may help address the under-
representation of certain demographic groups in ortho-
paedic research [33]. Despite these benefits of physician
workforce diversity, the need for greater gender and racial
diversity in orthopaedics is well documented. [32, 33, 38].
The percentages of women and underrepresented racial and
ethnic minorities are low not only among practicing or-
thopaedic surgeons, but also among residents, especially
when compared with the diversity of medical school ma-
triculants (Fig. 1) [3, 4, 11, 31]. In fact, the percentage of
women orthopaedic residents is lower than any other sur-
gical or medical specialty, at 15% [11, 31], and racial and
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ethnic minority representation in orthopaedic residency has
decreased in recent years [1, 31]. Data are lacking on the
diversity of sexual orientation among orthopaedic surgeons
and trainees.

The low numbers of women and racial and ethnic mi-
norities in orthopaedic residency do not appear to reflect a
lower quality of such applicants, but rather too few appli-
cants from these groups [15, 32]. For comparison, ortho-
paedic applicants are less diverse in gender and race and
ethnicity than general surgery applicants [15]. No differ-
ence exists between the gender distribution of orthopaedic
applicants and that of orthopaedic residents [15], suggest-
ing that women are accepted to residency in comparable
proportions to men when women apply. Evidence is mixed
as to whether minority applicants are accepted to residency
at comparable rates to their white counterparts [15, 32].
Thus, the lack of diversity in orthopaedics is influenced by
the low number of residency applicants from nonmajority
demographic groups. To address the lack of diversity in
orthopaedic surgery, it is imperative that we encourage
students of diverse backgrounds to pursue orthopaedics.
Doing so will require an understanding of how these stu-
dents view the level of diversity and inclusion in ortho-
paedic surgery. It is evident that students of diverse
backgrounds place importance on diversity, with studies
showing that women applicants place greater importance
on program diversity than men [23] and that lower
application rates have been attributed to negative percep-
tions of gender diversity in the field [7, 19]. Women and
underrepresented minority students are also more likely to
apply to orthopaedics when coming from an institution
with greater gender and racial diversity, respectively [29,
30]. Because student participation in musculoskeletal
curricula has been shown to influence specialty choice [7,
10, 19, 20, 26], and because many students gain

meaningful exposure through a clinical rotation, it is also
useful to assess whether participation in an orthopaedic
surgery clinical rotation improves perceptions of the level
diversity and inclusion among nonmajority students. If so,
the rotation may be used as a tool to encourage more stu-
dents to pursue the specialty.

Therefore, we asked: (1) How do the perceptions of
diversity and inclusion in orthopaedic surgery compare
among medical students of different gender identities,
races or ethnicities, and sexual orientations? (2) How do
perceptions change after an orthopaedic clinical rotation
among members of demographic groups who are not the
majority in orthopaedics (that is, women, underrepresented
racial minorities, other racial minorities, and non-
heterosexual people)?

Materials and Methods

Survey Administration

After institutional review board exemption was obtained
for this study, we developed a 21-item survey (Appendix 1;
Supplemental Digital Content 1, http://links.lww.
com/CORR/A472) in a secure internet-based platform
(REDCap version 9.1.20, Vanderbilt University Medical
Center, Nashville, TN, USA).

We distributed the survey to 27 medical schools (24
MD-granting, three DO-granting) across the United States,
including public and private, rural and urban, and small and
large institutions [12, 36, 37]. Because there is no national
repository of medical students completing orthopaedic
rotations, we identified these schools based on our pro-
fessional relationships with them and without knowledge
of the orthopaedic rotations they offered. This process of

Fig. 1 Prevalence of various demographic groups among practicing orthopaedic
surgeons [3], orthopaedic residents [11, 31], and medical school matriculants [4].
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institution identification is similar to that of a previous
survey of medical students about their decisions to pursue
orthopaedics [20].

Our survey was sent to medical students electronically
via colleagues at each institution, and responses were
collected between November 22, 2019 and December 20,
2019. Notably, colleagues distributing surveys at the in-
stitutions were not necessarily part of the orthopaedic
community. To increase response percentage, a reminder
notification was sent 1 week after the initial survey distri-
bution. We included medical students in the United States
who had completed an orthopaedic clinical rotation within
the past 12 months and who were able to complete an
English-language, internet-based survey. Students from
any medical school year were allowed to participate, pro-
vided that they met the eligibility criteria. Although we
expected most respondents to be third- and fourth-year
students, we recognize that several institutions, including
our own, start clinical rotations during the second year,
making it highly possible that second-year students would
respond. Some students also follow nontraditional path-
ways to and through medical school, and in rare cases, it is
possible that a student who is technically in their first year
may have completed an orthopaedic clinical rotation.
Respondents were told that survey participation was vol-
untary, and that completion of the survey would serve as
their consent to participate in our study. We described the
amount of time needed to complete the survey and the
purpose of it, and that responses would be confidential. We
stated who the investigator was and provided contact in-
formation. We explained that five respondents would be
randomly selected to receive a USD 25 gift card. This in-
formation was provided in both the survey invitation
(Appendix 2; Supplemental Digital Content 2, http://links.
lww.com/CORR/A473) as well as the introductory text to
the survey itself (Appendix 3; Supplemental Digital
Content 3, http://links.lww.com/CORR/A474). Neither
adaptive questioning nor randomization of question order
was used. Between six and 10 questions were displayed on
each page of the survey, over four pages. Questions related
to our major objectives required completion, and
incomplete surveys were not included in our analysis.
Respondents were able to review and change answers. We
did not use cookies or track Internet Protocol addresses of
survey respondents. Technical functionality was tested
within our study group before distribution. Survey design
and implementation were guided by the Checklist for
Reporting Results of Internet E-Surveys [16, 17].

Survey Topics

We derived survey questions directly from diversity, equity,
and inclusion climate surveys used at major academic

institutions to maintain validity of the questions asked [16].
Questions were also chosen to be inclusive of multiple realms
of diversity and inclusion to increase content validity.
Questions on these climate surveyswere informed by previous
work of steering committees and working groups, which in-
cluded feedback from students, staff, and faculty [12, 36, 37].

Demographic Characteristics

Respondents indicated their gender identity, race or ethnic-
ity, and sexual orientation [36, 37]. Cis-men and cis-women
were those who identified asmen orwomen, respectively, as
their gender identity andwho did not identify as transgender.
In our analysis of gender identity, we omitted data from two
students who did not identify as cis-men or cis-women to
preserve their anonymity. Our analysis compared three
racial/ethnic groups: white, underrepresented racial or ethnic
minority (Black, Hispanic or Latino, or Native American or
Alaskan Native), and all others. All race and ethnicity op-
tions were consistent with those used in previous in-
stitutional diversity surveys [36, 37]. Hispanic and Latino,
although not a race, was included as an underrepresented
racial minority, consistent with previous work [12] and be-
cause recent research identified Hispanic and Latino indi-
viduals as being underrepresented in orthopaedics [1]. For
sexual orientation [36, 37], we compared respondents who
identified as heterosexual with all others. Respondents
provided data on their year in medical school and the geo-
graphic region of their medical school [39].

We received complete surveys from 131 medical stu-
dents. Of these, 45% (59 of 131) of respondents identified
as cis-men and 53% (70 of 131) as cis-women; 49% (64 of
131) identified as white, 20% (26 of 131) identified as an
underrepresented racial minority, and 31% (41 of 131)
identified as another race; and 85% (112 of 131) identified
as heterosexual and 15% (19 of 131) identified as having
another sexual orientation.

Characteristics of Orthopaedic Clinical Rotations

Respondents reported the length of time since they com-
pleted their first orthopaedic rotation, the duration of the
rotation, and US geographic region where the rotation
occurred [39]. We aimed to include regional diversity of
rotations because the proportion of women who are or-
thopaedic surgeons varies geographically [13].

Perceptions of Diversity and Inclusion in Orthopaedics

Respondents used a 5-point Likert scale ranging from 1
(strongly disagree) to 5 (strongly agree) to indicate how
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they viewed the following two items before and after their
rotation:Whether they believed that diversity and inclusion
were part of orthopaedic surgery culture and whether they
would need to work harder than others to be valued equally
in their rotation. Respondents used a scale ranging from
0 to 5 to rate how they viewed orthopaedic surgery before
and after their rotation according to the following de-
scriptor pairs: hostile versus friendly, homogenous versus
diverse, sexist versus non-sexist, homophobic versus non-
homophobic, and racist versus nonracist.

Personal Views on Specialty Choice

Respondents used a 5-point scale ranging from 1 (very
unlikely) to 5 (very likely) to indicate, before and after their
rotation, how likely they were to pursue a career in ortho-
paedic surgery. They used a 5-point scale ranging from 1
(very unimportant) to 5 (very important) to indicate, before
and after rotation, the importance of a specialty’s diversity
in their choice of specialty. Respondents were asked
whether they could identify a career mentor in orthopaedic
surgery after their rotation.

Response Percentage

We were unable to calculate a precise response per-
centage because the exact number of students complet-
ing an orthopaedic surgery rotation at each medical
school for the duration of the study eligibility period was
unknown. However, we calculated an estimated re-
sponse percentage of 26% based on the number of re-
spondents to our survey, the average percentage of
students completing an orthopaedic surgery rotation at
our institution, and extrapolating this percentage to the
class sizes at the institutions included in our survey with
an orthopaedic surgery department [5]. To assess the
nonresponse bias, we compared the responses of early
versus late respondents, with the assumption that those
who responded later were more similar to nonrespon-
dents compared with those who responded earlier [21].
Early respondents were defined as those who responded
within the first week of survey distribution, whereas late
respondents were those who responded in the last
3 weeks of survey distribution. For this comparison, we
used t-tests to compare the mean prerotation and post-
rotation rating score for all early responses versus all late
respondents, for each survey question. Significance was
assessed at an alpha of 0.05. We found that for three
survey questions (likelihood of pursing orthopaedic
surgery, homophobic versus nonhomophobic nature of
field, and racist versus nonracist nature of field), late
responders had a more favorable perception of diversity

in orthopaedic surgery, whereas for the remainder of
questions, there was no difference between early and late
respondents (Appendix 4; Supplemental Digital Content
4, http://links.lww.com/CORR/A475).

Statistical Analysis

We compared respondent demographic and clinical rotation
characteristics across gender identity, racial and ethnic, and
sexual orientation groups using chi-square goodness-of-fit
and Fisher exact tests for categorical variables and one-way
ANOVA for quantitative variables. To identify potential
confounding variables, we used univariate analysis to
compare student and rotation characteristics across de-
mographic groups, including year in medical school, med-
ical school region, orthopaedic rotation region, rotation
length, and time since completion of rotation. Significance
for inclusion of confounders was assessed at an alpha of
0.05. We found no differences in these baseline character-
istics across the groups, and thus did not incorporate these
variables in our final analyses (Appendix 5; Supplemental
Digital Content 5, http://links.lww.com/CORR/A476).

The mean scores for perceptions of diversity and in-
clusion in orthopaedics and personal views on specialty
choice before and after rotation were described for the
overall cohort, as well as for the gender identity, race and
ethnicity, and sexual orientation groups (Appendix 6;
Supplemental Digital Content 6, http://links.lww.
com/CORR/A477). We used t-tests to compare the mean
rating scores between the majority and nonmajority groups
for each demographic domain (that is, men versus women,
white versus underrepresented racial minority, white
versus other race or ethnicity, and heterosexual versus
nonheterosexual) (Appendix 6). Within each nonmajority
demographic group (that is, cis-women, underrepresented
racial minority, and nonheterosexual), we compared pre-
rotation scores with postrotation scores using paired t-tests.
For the ability to find a mentor, we compared proportions
of respondents answering yes between the majority and
nonmajority groups for each diversity category using chi-
square goodness-of-fit (Appendix 6). Logistic regression
analysis was used to assess whether a respondent’s gender,
race or ethnicity, or sexual orientation was associated with
prerotation to postrotation improvement in perceptions of
diversity and inclusion in orthopaedics, as well as personal
views about specialty choice, compared with the majority
demographic for each demographic domain as a baseline.
Because no potential confounders were found in the
baseline comparison of student and rotation characteristics
across diversity groups, none were included in these re-
gression models.

To assess significance, we used Bonferroni adjustment
for multiple comparisons [9]. For each survey question, a
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maximum experiment-wise error rate (MEER) a of 0.05
was used. In assessing comparison of prerotation scores
between demographic groups, each comparison was trea-
ted as an independent hypothesis (for example, cis-male
versus cis-female or white versus underrepresented racial
minority) for a total of four independent hypotheses. Thus,
each test comparing prerotation scores across demographic
groups was considered statistically significant if p values
were less than theMEERa divided by four, or 0.0125. This
same approach was taken in comparing postrotation scores
between demographic groups. In assessing the change in
prerotation versus postrotation within each nonmajority
demographic group, the comparison within each non-
majority demographic group was considered an in-
dependent hypothesis (such as, pre- versus postrotation in
cis-women or pre- versus postrotation in underrepresented
racial minority). Thus, in comparing prerotation versus
postrotation scores within each nonmajority demographic
group, each test result was considered statistically signifi-
cant if p values were less than MEER a divided by four, or
0.0125. We took the same approach in assessing the sig-
nificance of the logistic regression models, which assessed
whether nonmajority demographic status was associated
with higher likelihood of improvement in perceptions.
Although we performed Bonferroni adjustment for multi-
ple comparisons, it should be noted that this approach re-
sults in a stringent threshold when assessing significance.
This allows for a more rigorous assessment of significance,
but there may be some associations that are significant at
alpha equal to 0.05 but not our Bonferroni-adjusted alpha,
which may warrant further exploration.

Data were stored on the REDCap platform and analyzed
using R software, version 3.6.0 (R Foundation for
Statistical Computing, Vienna, Austria).

Results

Diversity and Inclusion Perceptions by Demographic
Group, Before and After Rotation

Nonmajority demographic groups had worse perceptions
of the level of diversity and inclusion in orthopaedic sur-
gery before the rotation compared with majority de-
mographic groups, with many of these differences ceasing
to exist postrotation. Before the orthopaedic rotation, cis-
women had worse perceptions compared with cis-men.
This included lower agreement with the statement that di-
versity and inclusion are part of orthopaedic culture (mean
score 0.96 6 0.75) compared with cis-men (1.4 6 1.1;
mean difference 0.48 [95% confidence interval 0.16 to
0.81]; p = 0.004) (Fig. 2A), view of orthopaedic surgery as
less diverse (cis-women 0.716 0.73 versus cis-men 1.26
0.92; mean difference 0.49 [95% CI 0.20 to 0.78]; p =

0.001) (Fig. 2B), and view of orthopaedic surgery as more
sexist (cis-women 1.3 6 0.92 versus cis-men 1.9 6 1.2;
mean difference 0.61 [95% CI 0.23 to 0.99]; p = 0.002)
(Fig. 2C). These differences between cis-men and cis-
women ceased to exist in comparison of postrotation
scores. Prerotation, cis-women more strongly agreed that
they would have to work harder than others to be valued
equally on their rotation (2.8 6 1.0) compared with cis-
men (1.96 1.3; mean difference 0.87 [95%CI 0.45 to 1.3];
p < 0.001) (Fig. 2D). This difference persisted in com-
parison of postrotation scores, where cis-women showed
higher agreement with this sentiment (2.5 6 1.0) than cis-
men (2.0 6 1.3; mean difference 0.54 [95% CI 0.12 to
0.95]; p = 0.0117) (Fig. 2D). Cis-women prerotation were
less likely to pursue orthopaedic surgery (1.4 6 1.4)
compared with cis-men (2.6 6 1.1; mean difference 1.2
[95% CI 0.76 to 1.6]; p < 0.001) (Fig. 2E). This difference
persisted, with cis-women less likely to pursue orthopaedic
surgery postrotation (1.6 6 1.6) compared with cis-men
(2.56 1.5; mean difference 0.91 [95% CI 0.36 to 1.5]; p =
0.001) (Fig. 2E). Prerotation, underrepresented minorities
had less agreement that diversity and inclusion are part of
orthopaedic surgery culture (0.73 6 0.72) compared with
white students (1.56 0.97; mean difference 0.72 [95% CI
0.35 to 1.1]; p < 0.001) (Fig. 2A). This difference did not
exist postrotation (Fig. 2A). No differences were found
between demographic groups on perceptions of friendli-
ness of orthopaedic surgery (Fig. 2F), how homophobic
orthopaedic surgery is perceived to be (Fig. 2G), how racist
orthopaedic surgery is perceived to be (Fig. 2H), or the
importance of diversity in selecting a specialty (Fig. 2I).

Improvement in Perceptions of Diversity and Inclusion
Among Nonmajority Groups

Nonmajority demographic groups saw improvement in
perceptions of diversity and inclusion in orthopaedic sur-
gery after the rotation. Cis-women believed more after
rotation that diversity and inclusion are part of orthopaedic
surgery culture (prerotation mean score 0.96 6 0.75;
postrotation mean score 1.2 6 0.96; mean difference 0.60
[95%CI 0.22 to 0.98]; p = 0.002). Cis-women also reported
after their rotation that, compared with prerotation senti-
ment, orthopaedic surgery is friendlier (prerotation 2.3 6
1.2 versus postrotation 2.6 6 1.1; mean difference 0.41
[95% CI 0.14 to 0.69]; p = 0.004), more diverse (pre-
rotation 0.716 0.73 versus postrotation 1.06 0.89; mean
difference 0.28 [95% CI 0.08 to 0.49], p = 0.007), less
sexist (prerotation 1.3 6 0.92 versus postrotation 1.9 6
1.0; mean difference 0.63 [95% CI 0.40 to 0.85]; p <
0.001), less homophobic (prerotation 2.1 6 1.0 versus
postrotation 2.4 6 0.97; mean difference 0.27 [95%
CI 0.062 to 0.47]; p = 0.011), and less racist (prerotation
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Fig. 2 A-I Perceptions of diversity and inclusion in orthopaedic surgery among various demographic groups
before and after a clinical rotation. t-tests were used to compare scores between majority and nonmajority
groups for each diversity category (cis-men versus cis-women, white versus underrepresented racial minority,
white versus other race/ethnicity, and heterosexual versus nonheterosexual). (A) Prerotation, cis-women and
underrepresented racial minorities believed less than cis-men and white students, respectively, that diversity
and inclusion are part of orthopaedic surgery culture. (B) Prerotation, cis-women believed that orthopaedic
surgery is less diverse than did cis-men. (C) Prerotation, cis-women believed that orthopaedic surgery is more
sexist than cis-men. (D) Prerotation and postrotation, cis-women believed they would have to work harder than
others to be valued equally on the rotation compared with cis-men. (E) Prerotation and postrotation, cis-
women indicated lower likelihood of pursuing orthopaedic surgery compared with cis-men. There were no
differences between demographic groups within each diversity category on: (F) friendliness of orthopaedic
surgery, (G) how homophobic orthopaedic surgery is perceived to be, (H) how racist orthopaedic surgery is
perceived to be, or (I) the importance of diversity in selecting a specialty. aSignificance was assessed at
Bonferroni-adjusted a = 0.0125.
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2.3 6 1.1 versus postrotation 2.5 6 1.1; mean difference
0.28 [95% CI 0.099 to 0.47]; p = 0.003). Compared with
the prerotation period, postrotation, cis-women believed
less that they would have to work harder than others to be
valued equally on the rotation (prerotation 2.86 1.0 versus
postrotation 2.56 1.0; mean difference 0.31 [95% CI 0.12
to 0.50]; p = 0.002). Cis-women were more likely than cis-
men to see improvement in the belief that they would have
to work harder than others to be valued equally on the
rotation (odds ratio 4.3 [95% CI 1.7 to 13]; p = 0.003).
Underrepresented minority students saw orthopaedic sur-
gery as less sexist after their rotation compared with before
it (prerotation 1.5 6 1.1 versus postrotation 2.0 6 1.1;
mean difference 0.52 [95% CI 0.16 to 0.89]; p = 0.007).
Students of other race groups (nonwhite and non-
underrepresented minority) believed more after rotation
that diversity and inclusion are part of orthopaedic surgery
culture (prerotation 1.1 6 0.99 versus postrotation 1.5 6
1.1; mean difference 0.31 [95%CI 0.07 to 0.54]; p = 0.012)
and that orthopaedic surgery is less sexist postrotation than
prerotation (prerotation 1.56 1.2 versus postrotation 2.06
1.1; mean difference 0.47 [95% CI 0.22 to 0.72]; p <
0.001). Finally, nonheterosexual students were less likely
to believe that they would have to work harder than others
to be valued equally on their rotation after their rotation
compared with prerotation (prerotation 2.4 6 1.4 versus
postrotation 1.86 1.3; mean difference 0.56 [95% CI 0.21
to 0.91]; p = 0.004).

Discussion

Diversity among physicians leads to better overall patient
care through improved quality of physician-patient inter-
actions [14, 24, 33, 34], increased treatment of underserved
populations [22] amidst disparities in orthopaedic sur-
gery [2, 8, 35], and potentially greater inclusivity of
underrepresented groups in research [33]. The need for
greater diversity in orthopaedic surgery has been well
documented [31, 33, 38]. Encouraging medical students
from diverse backgrounds to pursue orthopaedics is an
important component of improving diversity in the field,
but to do so, we must establish an understanding of stu-
dents’ perceptions of diversity and inclusion in orthopae-
dics. Furthermore, although many students gain exposure
to the field through a clinical orthopaedic rotation, we lack
knowledge on how participation in such a rotation might
affect these perceptions. Even with an estimated response
percentage of 26%, we found that before an orthopaedic
clinical rotation, cis-women and underrepresented racial
minorities had worse views on the level of diversity and
inclusion in orthopaedic surgery compared with cis-men
and white students, respectively. Many of these differences
ceased to exist after the rotation. Nonmajority demographic

groups saw prerotation to postrotation improvement in
several views on diversity and inclusion in orthopaedics.
These findings suggest that increasing exposure of diverse
students to orthopaedic surgery through clinical rotations
may improve perceptions these students hold of ortho-
paedics and may promote diversification by making these
students more likely to pursue the field.

Limitations

This study has several limitations. Because our survey was
delivered to a large number of medical schools with an un-
known number of eligible respondents during the study pe-
riod, we were unable to calculate an exact response
percentage. However, we calculated an estimated response
percentage of 26%. To evaluate the nonresponse bias, we
compared all early versus late responders, the latter of whom
are likely more representative of nonresponders [21]. We
found that for only three survey questions (likelihood of
pursing orthopaedic surgery, homophobic versus non-
homophobic nature of field, and racist versus nonracist nature
of field), late responders had a more favorable perception of
diversity in orthopaedic surgery, whereas for the remainder of
questions, there was no difference (Appendix 4). It should be
noted that of those three questions, only the question re-
garding likelihood of pursuing orthopaedic surgery demon-
strated significant findings in our study results when
comparing scores across demographic groups. It is pos-
sible that for this question, our findings were overinflated
as a result of this nonresponse bias. On the other hand, the
questions related to the nonhomophobic/homophobic and
nonracist/racist nature of the field, although possibly
suffering from nonresponse bias, are less likely to in-
fluence our study results that compare demographic
groups. Given the limited number of questions that
showed differences in the early versus late responder
analysis, we believe that nonresponse bias does not
meaningfully alter the interpretability of our results.
Nonetheless, future studies should strive to achieve
higher response percentages.

It was also important for us to consider the possibility of
selection bias, where students of nonmajority demographic
backgrounds may have been more likely to complete the
survey than students from majority backgrounds. One of
the primary goals of our study was to evaluate the pre-
rotation to postrotation change in scores within the non-
majority groups. Even if these groups self-selected to some
extent, we felt that we were able to still meet this goal,
given that these may be exactly the students in whom we
are trying to assess the effect of the rotation. Thus, we do
not feel that this selection bias would substantially alter our
conclusions. We were also still able to conduct our analysis
comparing across majority and nonmajority demographic
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groups, although here it is possible that some findings may
have been overinflated if nonmajority demographic stu-
dents with worse perceptions were more likely to complete
the survey. Our results may have been affected by recall
bias because we could not control for the timing of rota-
tions. It is also possible that students who more recently
completed a rotation might feel compelled to provide a
more favorable review. To address whether recency of the
rotation may have served as a potential confounder, we
compared time since rotation completion across the de-
mographic groups and found no difference. Nonetheless,
future studies could prospectively follow students and have
surveys completed in short timeframes before and after the
rotation. The low number of responses from students
identifying as nonheterosexual limited our analysis of this
demographic group, and we likely did not achieve suffi-
cient power to identify significant results for this group.
Thus, any lack of significant findings concerning sexual
orientation in our study should not be interpreted as de-
finitively indicating that differences do not exist. Future
work could incorporate a greater number of medical
schools to increase the number of nonheterosexual and
underrepresented racial minority students who are in-
cluded. We did not separately analyze students identifying
with more than one nonmajority demographic; rather, we
focused on the independent associations of each de-
mographic variable. Although this approach likely im-
proved interpretability of our results, future studies could
separately study individuals who report intersectionality
between demographic groups. Our survey was distributed
to 27 medical schools. Even though we tried to be as rep-
resentative as possible with the schools included, in-
corporating both MD- and DO-granting institutions,
schools of varying sizes, and in different regions, a survey
distributed to all medical students would be by definition
maximally representative of US medical students. Future
studies could explore avenues by which to capture this
large survey population.

Diversity and Inclusion Perceptions by Demographic
Group, Before and After Rotation

Nonmajority demographic students have worse views of the
level of diversity and inclusion in orthopaedic surgery
compared with their majority counterparts, particularly when
cis-women are compared with cis-men, and especially before
participation in an orthopaedic clinical rotation. As we seek
to diversify orthopaedic surgery for the sake of patient care,
these findings highlight the need to target recruitment efforts
toward students of diverse backgrounds. This is an area
where orthopaedic organizations can take an active role. For
example, nationally, emphasis should be placed on “pipeline
programs” that promote students from diverse backgrounds

to explore orthopaedics. These programs include the Perry
Initiative [25] and Nth Dimensions [18, 27]. Scholarships for
members of nonmajority demographic groups can also
contribute, including the Ruth Jackson Orthopaedic
Society’s scholarships for women students to attend the an-
nual meeting of the American Academy of Orthopaedic
Surgeons, and diversity scholarships for rotating students.
These initiatives provide orthopaedic exposure to students of
diverse backgrounds. Our finding that cis-women holdworse
views compared with cis-men are broadly consistent with
prior studies assessing women’s perceptions of orthopaedics
[7, 19, 28]. These studies found that women’s interest was
diminished by the “predominantly male nature of the field,”
[7] and that lack of acceptance by senior faculty served as a
potential deterrent [19]. Our study takes these findings one
step further by directly assessing diversity-related metrics
from diversity, equity, and inclusion climate surveys used at
major academic institutions, as well as by assessing percep-
tions before and after the clinical rotation. In terms of
racial/ethnic and sexual orientation diversity, we found that
before the rotation, underrepresented racial minority students
believed less that diversity and inclusion are part of ortho-
paedic surgery culture compared with white students, andwe
did not see differences between heterosexual and non-
heterosexual students. Prior evidence is lacking about
underrepresented racial minority and nonheterosexual stu-
dents’ perceptions of diversity and inclusion in orthopaedics.
Our study is one of the first to assess these demographic
groups and provides a foundation for future studies to further
explore barriers that these students may face. Future work
should focus on increasing response percentages among
these groups. Given that diversity plays a role in the decision
to pursue orthopaedic surgery, at least for women and
underrepresented minorities [23, 29, 30], and that non-
majority demographic groups tend to have worse views on
diversity in orthopaedics, it is important that we take steps to
improve these views.

Improvement in Perceptions of Diversity and Inclusion
Among Nonmajority Groups

Participation in an orthopaedic surgery clinical rotation is
associated with improved views of diversity and inclusion
among students of nonmajority demographic backgrounds.
This finding provides a method by which to encourage
medical students of diverse backgrounds to pursue ortho-
paedic surgery. Our data, and those of previous studies,
support the importance of participation in an orthopaedic
rotation or other musculoskeletal curriculum [7, 10, 19, 20,
26]. Rotations in the third and fourth years of medical
school have the largest influence on specialty choice
among students [20], and women, more often than men,
choose orthopaedics as a career after beginning clinical
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rotations [19], further highlighting the value of rotations.
Our study builds on these findings by clearly demonstrat-
ing the association between rotations and improving per-
ceptions of diversity and inclusion of the field among
students of diverse backgrounds. Future studies should
prospectively follow students completing their orthopaedic
rotations and survey students before and after the rotations,
rather than at a single postrotation point.

Multiple stakeholders can make use of our findings to
promote student participation in orthopaedic rotations.
Medical schools and national medical school organizations
have a responsibility to encourage increased diversity in
various medical and surgical specialties. Indeed, one of the
missions of the American Association of Medical Colleges
is that: “Medical schools and teaching hospitals are com-
mitted to developing a culturally competent, diverse, and
well-prepared health care workforce” [6]. Recognizing that
space in medical school curricula is limited, and that there
is an immense need for increased diversity in
orthopaedics—especially compared with other specialties
[1, 31, 33, 38]—and the impact of diversity on patient care
[14, 22, 24, 33, 34], medical schools should explore ways
to increase clinical exposure to orthopaedics and muscu-
loskeletal health. At our institution for example, ortho-
paedic surgery is offered as a 2-week elective during the 8-
week core surgery rotation. Although ideally some time on
an orthopaedic service should be a required curricular
component, schools should at least offer an orthopaedic
elective during the surgery or other core rotation.
Orthopaedic departments and residency programs also
play a role in improving medical student exposure. This
effect of the rotation may not be intrinsic to the rotation
itself, but rather a result of the efforts of residents and
attending physicians to improve students’ perceptions of
orthopaedic culture. Departments can also find innovative
ways to interface with medical students. At our in-
stitution, the orthopaedic surgery department hosts a case-
based workshop guiding students through basic proce-
dures on cadavers during the first-year medical student
anatomy course. The session serves not only an educa-
tional purpose but also allows students to interact with
residents and faculty. Through these efforts, we hope to
see higher numbers of diverse applicants pursuing or-
thopaedic surgery.

Discussion

Even with an estimated response percentage of 26%, we
found that cis-women and underrepresented racial minority
medical students held more negative perceptions of the
extent of diversity and inclusion in orthopaedics than did
cis-men and white students, respectively. However, par-
ticipation in an orthopaedic rotation was associated

mitigation of many of these negative perceptions among
women, underrepresented racial minorities, and non-
heterosexual students. Given the impact of a diverse
workforce on patient care, the responsibility of medical
schools and medical school organizations to promote a
diverse workforce, and the great need for diversity in
orthopaedics, we encourage medical schools to require a
short clinical orthopaedic rotation. Orthopaedic de-
partments, residency programs, and national organiza-
tions should also work to increase student exposure to
the field, including through interactive sessions during
the preclinical years, promotion of pipeline programs,
and provision of scholarships to diverse students. It is
our hope that these steps will help increase the diversity
of orthopaedic surgery and ultimately, further improve
patient care.
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