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Topics in Training

Academic Metrics Do Not Explain the Underrepresentation
of Women in Orthopaedic Training Programs
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Investigation performed at Northwell Health and Columbia University, New York, NY, and Shriners for Children Medical Center,
Pasadena, California

Background: Among medical specialties, orthopaedic surgery persistently has one of the lowest representations of
women in residency programs. This study examined whether differences exist in the academic metrics of the ortho-
paedic residency applicants and enrolled candidates by sex, which may be contributing to the persistent underrepre-
sentation of women. Differences in enrollment rate in orthopaedic residency programs also were analyzed. We
hypothesized that academic metrics were similar for female and male applicants and thus do not explain the under-
representation of women in training programs.

Methods: Academic data of first-time applicants (n = 9,133) and candidates who enrolled in an orthopaedic residency
(n = 6,381) in the U.S. from 2005 to 2014 were reviewed. The United States Medical Licensing Examination (USMLE)
Step-1 and Step-2 Clinical Knowledge (CK) scores, Alpha Omega Alpha (AVA) Honor Medical Society status, number of
publications, and volunteer experiences were compared by sex and were analyzed over time.

Results: From 2005 to 2014, representation of female applicants increased from 12.6% to 16.0%, corresponding
with an increase in the percentage of enrolled female residents (from 12.9% to 16.1%); 70.3% of male and 67.1% of
female applicants to orthopaedic residency enrolled as residents (p = 0.082). Mean academic metrics increased
significantly over time for applicants and enrolled candidates, irrespective of sex. Comparing by sex, the mean USMLE
Step-1 scores of male applicants and enrolled candidates were approximately 2% higher than those of female appli-
cants (p < 0.0001). Volunteer experiences of female applicants and enrolled candidates were 12% higher compared
with male applicants (p < 0.0001). There was no significant difference in USMLE Step-2 CK scores, number of publi-
cations, or AVA status by sex.

Conclusions: The enrollment rate of male and female applicants in orthopaedic residencies was similar and did not
change during the 10-year study period. The academic metrics of applicants and enrolled candidates have increased
significantly. The academic metrics were found to be comparable by sex; the differences in USMLE Step-1 scores and
volunteer experiences were small relative to the magnitude of accomplishments that these values represent. The
growth rate of the proportion of women in orthopaedic residencies lags other surgical subspecialties but appears to be
independent of academic metrics.

Disclosure: This study was partially supported by a National Science Foundation (NSF) grant (NSF CAREER 1763281). On the Disclosure of Potential
Conflicts of Interest forms, which are provided with the online version of the article, one or more of the authors checked “yes” to indicate that the author
had a relevant financial relationship in the biomedical arena outside the submitted work (http://links.lww.com/JBJS/F150).
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In 2017, more women (50.7%) enrolled in U.S. medical schools
than men (49.3%)1,2. Despite a trend of relatively even sex dis-
tribution of medical students since 2005, orthopaedic surgery
has one of the lowest proportions of women in residency pro-
grams1. In 2005, 10.9% of orthopaedic residents were women;
in 2015, there was a 35.8% increase to 14.8%3-6. During this
same period, other surgical specialties that have had historically
low female representation experienced larger increases of
women residents (thoracic surgery, 117.8% increase from
10.1% to 22.0%; plastic surgery, 70.1% increase from 21.1%
to 35.9%; and neurosurgery, 66.3% increase from 10.4% to
17.3%)3. The slower growth of the proportion of female resi-
dents in orthopaedics, by comparison, prompts the question of
whether factors within the orthopaedic residency application

and selection process contribute to the underrepresentation of
women in residency7.

Moreover, the underrepresentation persists at all levels:
only 13% of full-time faculty and 7% of full professors were
women in 20152,4-6,8. The observations regarding the underrep-
resentation of women at the faculty and leadership levels may
be related to the underrepresentation in the training pipeline
leading up to these positions. Alternatively, the low represen-
tation may be related to differing professional needs of male
and female orthopaedic surgeons7,9-11. Nevertheless, one conse-
quence of fewer female orthopaedic surgeons is that there are a
limited number of female mentors and role models for aspiring
applicants, something shown to be influential in the residency
decision-making process5.

Fig. 1-A

Fig. 1-B

Fig. 1-ALine graph of representation (%) of male and female applicants as well as male and female enrolled candidates by year from 2005 to 2014.

Fig. 1-B Line graph of acceptance rates of men and women to orthopaedic surgery residency programs by year from 2005 to 2014.
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While underrepresentation of women in orthopaedic
surgery is well known, the causes of this deficit are not well
understood. One contributing factor is that orthopaedic resi-
dency programs do not train women at an equal frequency to
men11,12. Another possible cause contributing to the low repre-
sentation of women may be related to differences in the qual-
ifications of female residency applicants compared with their
male counterparts. To our knowledge, no study to date has
systematically evaluated orthopaedic residency applicants for
differences in objective metrics by sex. The current study was
designed to evaluate the academic credentials of the applicant
pool and the enrolled residents in U.S. orthopaedic surgery
residency programs based on sex from 2005 to 2014. We
hypothesized that academic metrics were similar for female and
male applicants and thus do not explain the underrepresenta-
tion of women in training programs.

Materials and Methods
Orthopaedic residency application data from the Electronic Res-
idency Application Service (ERAS) was obtained from the Asso-
ciation of AmericanMedical Colleges (AAMC), and theNational
Board of Medical Examiners (NBME) granted access to the
United States Medical Licensing Examination (USMLE) Step-
1 and Step-2 Clinical Knowledge (CK) scores for these appli-
cants. Information on whether residency applicants enrolled in
an orthopaedic residency program was provided by the AAMC
through the GraduateMedical Education (GME) Track Resident
Survey that is completed annually by residency program direc-
tors and includes all residents who entered orthopaedic residen-
cies through theMatch, the Post-Match Supplemental Offer and
Acceptance Program (SOAP), or another agreement prior to, or
after, the Match. The ERAS, NBME, and GME Track data were
linked at the individual applicant level by the AAMC and were
provided for this study in a deidentified manner.

Data on U.S. medical graduate first-time applicants
(n = 9,133) for orthopaedic surgery residency positions in
the U.S., as well as for those candidates who enrolled in or-
thopaedic residencies (n = 6,381, 69.9% of first-time appli-
cants), were reviewed from 2005 to 2014. All international
and foreign medical graduates were excluded from this anal-
ysis because of historically low enrollment of such applicants
in orthopaedic training programs. Enrollment rate by sex
was determined from the frequency (%) of male or female
residents who ultimately enrolled in residency compared
with the total number of male or female applicants, respec-
tively. Amultiple regressionmodel was employed to determine if
the enrollment rate was significantly different by sex and across
time.

Quantitative factors that typically are used to assess ap-
plicant characteristics, including USMLE Step-1 and Step-2 CK
scores, Alpha Omega Alpha (AVA) Honor Medical Society
status, and number of publications and volunteer experiences,
were compared by sex over the 10-year study period. In addi-
tion to analyzing first-time applicants, these variables also were
compared among the pool of candidates who enrolled in
orthopaedic residency programs.

USMLE Step Scores
USMLE Step-1 and Step-2 CK scores were compared in male
and female applicants across time with 2-way analysis of var-
iance (ANOVA). The 2 main effects included in the model were
year and sex. The interaction term between year and sex was
not significant. USMLE Step-1 and Step-2 CK scores were re-
ported as mean ± standard error.

AVA Status
AVA status was determined from the frequency (%) of AVA
membership in first-time applicants and enrolled candidates. A

Fig. 2

Mean USMLE Step-1 scores. In both first-time applicants and enrolled applicants, men had higher USMLE Step-1 scores compared with women

(*p < 0.0001).
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multiple logistic regression model was employed to determine if
the proportion of male and female applicants achieving AVA
status was significantly different between groups and across time.
The 2 main effects included in the model were year and sex. The
interaction term between year and sex was not significant.

Number of Publications
A negative binomial regressionmodel was utilized to determine
if male and female orthopaedic residency applicants behaved
differently across time in terms of the reported number of
publications indicated on the application. The 2 main effects
included in the model were year and sex. The interaction term
between year and sex was not significant. An inverse link trans-
formation was applied to the least squares means to report the
results in the original units, with corresponding 95% confi-
dence intervals.

Volunteer Experiences
The number of applicant-reported volunteer experiences was
compared between male and female applicants using 2-way
ANOVA with year and sex. The interaction term between the
variables was not significant. Logarithmic transformation was
used for the analysis. The results were back-transformed and
presented in original units with the corresponding 95% confi-
dence intervals.

All of the analyses were performed separately on first-
time applicants and enrolled applicants. A result was considered
significant when p < 0.05. The enrollment rate was analyzed
using STATISTICA (StatSoft), and all other analyses were per-
formed using SAS 9.4 software (SAS Institute).

Results
Application and Enrollment Rates
The percentage of female orthopaedic applicants increased from
12.6% in 2005 to 16.0% in 2014. This corresponded with an

increase in the percentage of enrolled female residents from
12.9% to 16.1%, respectively (Fig. 1-A). No significant effects
of year (p = 0.073) or sex (p = 0.16) were observed on the
enrollment rate in orthopaedic residencies (overall significance:
p = 0.082, Fig. 1-B). Over the 10-year period, the average enroll-
ment rate was 70.3% for males and 67.1% for females.

USMLE Step-1
Between 2005 and 2014, the USMLE Step-1 scores increased
significantly for all applicants and enrolled candidates, irre-
spective of sex (p < 0.0001, Fig. 2). The mean USMLE Step-
1 score in male applicants was higher than in female applicants
(p < 0.0001, Fig. 2). In 2005, the mean difference in applicant
USMLE Step-1 scores was 7 points (3.1%; men: 228 ± 0.64,
women: 221 ± 1.67; p < 0.0001). In 2014, the difference in
applicant USMLE Step-1 scores was 4 points (1.7%;men: 240 ±

Fig. 3

Mean USMLE Step-2 CK scores. In both first-time applicants and enrolled applicants, the USMLE Step-2 scores were comparable in men and women.

Fig. 4

In both first-time applicants and enrolled applicants, male and female

students had comparable AVA status.
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0.62, women: 236 ± 1.42; p < 0.0001). Similarly, enrolled male
students had higher USMLE Step-1 scores compared with
female students (p < 0.0001, Fig. 2). In 2005, the USMLE
Step-1 scores differed by 8 points (3.5%; men: 231 ± 0.64,
women: 223 ± 1.66; p < 0.0001). In 2014, the USMLE Step-
1 scores of enrolled candidates differed by 5 points (2%, men:
245 ± 0.67, women: 240 ± 1.53; p < 0.0001).

USMLE Step-2 CK Scores
The mean USMLE Step-2 CK scores increased significantly
between 2005 and 2014 for both first-time applicants and stu-
dents who were enrolled in residency, irrespective of sex (p <
0.0001, Fig. 3). No significant differences in the USMLE Step-2

CK scores between the sexes were observed in either applicants
or enrolled candidates (Fig. 3).

AVA Status
No significant differences in AVA status were observed among
either applicants or enrolled students over the study period.
There was no significant difference in AVA status between the
sexes in the applicant pool or those who entered residency,
irrespective of time (Fig. 4).

Number of Publications
From 2005 through 2014, the publication count reported by
applicants increased significantly for applicants and enrolled

Fig. 5

In both first-time applicants and enrolled applicants, male and female students had a comparable number of publications reported on the AAMC application.

Fig. 6

In both first-time applicants and enrolled applicants, female students had a greater average number of volunteer experiences reported on the AAMC

application compared with their male counterparts (*p < 0.0001).
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students, irrespective of sex (p < 0.0001, Fig. 5). There was no
significant difference between the sexes in publication count
for applicants or those who were enrolled in an orthopaedic
residency program.

Volunteer Experiences
From 2005 through 2014, volunteer experiences increased sig-
nificantly for applicants and enrolled students, irrespective of
sex (p < 0.0001, Fig. 6). In 2014, female applicants had approx-
imately 1 additional volunteer experience compared with male
applicants (17%; women: 6.9, men: 5.7; p < 0.0001, Fig. 6).
Female students who entered residency also had an additional
volunteer experience compared with their male counterparts
(12%; women: 6.9, men: 6.1; p < 0.0001, Fig. 6).

Discussion
To our knowledge, this study is the first to systemically evaluate
objective academic metrics of U.S. orthopaedic residency appli-
cants by sex. Our findings indicate that the quantitative academic
metrics that are available through the AAMC and the NBME
regarding U.S. orthopaedic residency applicants and enrolled
residents have increased significantly from 2005 to 2014. Irre-
spective of sex, USMLE Step-1 and Step-2 CK scores, publication
count, and number of volunteer experiences increased signifi-
cantly over the study period. Differences in academic metrics of
the applicants and enrolled candidates by sex also were evalu-
ated. USMLE Step-2 CK scores, AVA status, and publication
count were not significantly different between male and female
applicants or enrolled candidates. Differences were observed in
USMLE Step-1 scores and volunteer experiences between male
and female applicants and enrolled students. Male applicants
and enrolled candidates had higher USMLE Step-1 scores by 3
to 7 points (;2% difference) compared with female applicants.
Female applicants and enrolled candidates had 1 additional vol-
unteer experience (;12% difference) compared with male ap-
plicants. Although the differences in USMLE Step-1 scores and
volunteer experiences are statistically significant, these differ-
ences are small considering the magnitude of accomplishment
that these variables, and the entire application, represent.

The results also suggest that women and men are enroll-
ing in orthopaedic residencies at similar rates relative to their
representation in the applicant pool; 70.3% of male applicants
and 67.1% of female applicants enrolled in orthopaedic resi-
dency programs. The representation of women in orthopaedic
residencies has increased over the past 10 years and is likely
a consequence of proportional increases in the number of
women applicants to orthopaedic surgery rather than any
preferential treatment for women during the application or
selection process. Our data find no effect of sex or time on
enrollment rates. Some variability in enrollment rates from
year to year was observed, with the largest differences ob-
served between male and female applicants in 2009 (Fig. 1-B).
Whether lower enrollment rates of women in certain years are
because of a lower acceptance rate or the loss of applicants from
consideration at various steps of the application process is
unknown. Other explanations such as conscious or uncon-

scious bias also may be contributing factors but were outside
the scope of this study.

The USMLE Step-1 score is an integral part of the resi-
dency application, with many programs using it to screen
candidates for interviews13. Filtering applications by USMLE
Step-1 score is viewed as an efficient, standardized method for
comparing many applicants who attended medical schools
with varying grading strategies. In a 2012 survey of orthopaedic
residency directors, 88% of respondents reported using a “tar-
get score” to determine applicants to interview14. However, the
USMLE was not designed to predict success in residency13,15,16.
When comparing the USMLE Step-1 score with performance
in general surgery, it was found that an above-average USMLE
Step-1 score has a positive predictive value of only 50% for
positive faculty evaluation during residency17. Moreover, surgi-
cal residents who received awards in research, teaching, and
overall performance tended to have lower median USMLE
Step-1 scores than those who did not achieve these honors18.
These studies suggest that the USMLE Step-1 score does not
strongly discriminate between residents for prediction of high
performance among groups who meet or exceed a target score.

Orthopaedics is a highly competitive specialty, and yearly
increases in the applicant number per residency position may
be a contributing factor to the escalating academic achieve-
ments of selected candidates19. Differences in USMLE Step-1
scores between men and women are not limited to orthopaedic
applicants—they have been reported in medical students and
in other residency specialties20-23. A 2008 study found that
men outperformwomen on the USMLE Step-1 examination (a
score of 220.4 versus 214.4, respectively)23. In general surgery,
an analysis of applicants from 2011 found that male applicants
scored 8 points higher than female applicants on the USMLE
Step-1 examination (238 versus 230, p < 0.001)24. An analysis of
a urology program (2015 to 2016) found that male applicants
averaged 4 points higher than female applicants on the USMLE
Step-1 examination (238 versus 234, p < 0.001)25.

USMLE Step-2 CK scores, AVA status, and publication
count were comparable between the men and women in our
study. The equivalent scores by male and female applicants on
the Step-2 CK portion of the USMLE, but not the Step-1 por-
tion, suggest that differences in metrics between sexes may be
specific to the assessment type. The USMLE Step-2 CK exam-
ination is intended to evaluate a student’s ability to apply med-
ical knowledge to patient care under supervision, with an
emphasis on health promotion and disease prevention. By
comparison, the USMLE Step-1 examination focuses on assess-
ing a student’s understanding and application of basic science
concepts to medicine26. Our study suggests that female medical
students entering orthopaedics are equivalent to male candi-
dates when synthesizing information for the care of patients, as
measured by the USMLE Step-2 CK examination.

Despite the presence of a steady pipeline of women in
medical schools between 2005 and 2015, the growth rate of the
proportion of female residents in orthopaedic surgery (35.8%
growth, from 10.9% to 14.8%) has lagged other surgical sub-
specialties (thoracic surgery, 117.8% increase from 10.1% to
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22.0%; plastic surgery, 70.1% increase from 21.1% to 35.9%;
and neurosurgery, 66.3% increase from 10.4% to 17.3% during
this same period)3. These trends provide evidence that under-
representation of women in surgical specialty programs can be
improved appreciably within a 10-year period. While the phys-
ical demands, the workload, and the long work hours have been
suggested as factors that deter women from pursuing orthopae-
dics, these lifestyle factors do not appear to be deterring women
from other surgical specialties to the same degree. Other con-
tributing factors include lack of early exposure to orthopaedic
surgery or interest by medical students5,27-29, a large number of
residency programs that have a representation of women resi-
dents that is below the national average (10% to 20%)12,30, and a
lack of female role models in faculty or leadership positions5.
Women continue to represent a very small percentage of the
applicants to orthopaedic surgery residency. Early exposure to a
specialty correlates with increased chances of entering that
field5,27-29. Pipeline programs, such as Nth Dimensions and the
Perry Initiative, were created to address this issue. For women,
program completion resulted in a greater chance of application
and enrollment in orthopaedics compared with the national aver-
age15. Additionally, medical schools that incorporate mandatory
musculoskeletal courses were associated with higher application
rates to orthopaedic residencies19. Working to attract female appli-
cants is vital to ensure that the pool of applicants to orthopaedics
contains themost qualified students5,27,31,32. Additionally, creating a
diverse community among all medical professionals is a funda-
mental step toward minimizing health-care disparities and
strengthening patient-physician relationships.

Our study is limited in that the data presented are AAMC
and NBME data from 2005 to 2014 and, therefore, may not be
representative of applicants since that time and in the future.
The enrolled candidate data came from the GME Track Resi-
dent Survey. The estimated response rates were 79.0% to 94.5%
of programs and may not be representative of all of the ortho-
paedic residents who enrolled during this period. Additionally,
the GME Track Resident Survey data did not differentiate
among residents who entered into orthopaedic residency
through the Match, the SOAP, or another agreement prior to,
or after, the Match. The analysis was limited to the variables
that were available through the AAMC. These variables cannot
characterize candidates as a whole, including personality, eth-
ical behavior, or ability to relate to patients and peers; therefore,
these factors were not discussed in this study.

Conclusions
Our study found that there are statistical differences in the
USMLE Step-1 score and volunteer experiences between male
and female applicants and students enrolling in orthopaedic

residencies. However, the differences appear to be small relative
to the magnitude of accomplishments represented by these
variables and the entire application. Enrollment rates have
not changed over time and were not different between male
and female applicants. Our findings suggest that a relatively low
representation of female medical students in the applicant pool
for orthopaedics, not differences in academic metrics, is a
major contributor to the underrepresentation of women in
orthopaedic residency programs. n
NOTE: The authors gratefully acknowledge the contribution of the AAMC and the NBME for provision
of the data set and their assistance and guidance in the final preparation of this manuscript. The
authors also thank Mark Raymond and the NBME Research Implementation Committee, Marie
Caulfield at the AAMC, and Hiroko Matsumoto for helpful discussions.
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