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ARTICLE INFO ABSTRACT

Keywords: Background: The COVID-19 pandemic has had widespread impact across medical educational sectors, including
Residency cancellations and delays of board exams, interruptions in clinical rotations and electives, altered processes for
COVID-19 away rotations, and conversion to virtual interviews. These changes, combined with applicant and program
Orthopaedic pipeline

uncertainty, may affect the 2021 residency application cycle for competitive fields such as orthopaedic surgery.
In consideration of spine trainees and the spine fellow application pipeline, the current study aims to evaluate
for deviations in trends found in applications to an orthopaedic surgery residency program from the 2021 cycle
compared to six years prior.

Methods: After institutional review board approval, applications to a single orthopaedic surgery residency pro-
gram from application cycles 2015 to 2021 were evaluated in the Electronic Residency Application System (ERAS)
and analyzed for trends. Supplementary information was taken from publicly available ERAS statistics.

Results: Compared to existing trends, the ERAS 2021 cycle had a greater number of applicants, more research
items, and lower rates of USMLE Step 2 test administration. Of the 4,965 applications analyzed, no deviations
in trends were found in number of female applicants, Black and Hispanic applicants, applicants from medical
schools outside the US, DO applicants, applicants with interruptions in their training, or USMLE scores.
Conclusions: The orthopaedic surgery applicant pool increased amidst the COVID-19 pandemic and applicants
had more research items than previous years. No significant deviations in the demographics of the applicant pool
were noted. This is thought to be reassuring about the integrity of the orthopaedic residency application process
/ spine fellow application pipeline and should continue to be observed in the coming years.

Surgical education
Medical education

Background

The burden of the novel coronavirus disease 2019 (COVID-19) on
hospital systems, in combination with efforts to slow the spread of
disease, led to widespread changes in medical student education pro-
cesses including limiting activities involving direct patient contact and
in-person research [1], delays and cancellations of the United States
Medical Licensing Exams (USMLE) [2,3], reduction and cancellation of
electives [4], and rapid adoption of telehealth for routine clinic visits
[31.

Concerns over what these changes might mean for residency appli-
cants quickly mounted [3], especially for highly competitive fields such
as orthopaedic surgery where applicants applied to 74.19 programs on
average in 2019 [5]. That same year, 99.6% of the available orthopaedic

surgery residency positions were filled, leaving 19% of applicants unsuc-
cessful in securing a match [6].

Orthopaedic spine surgery fellowship is an additional one-year pro-
gram often pursued by those interested in gaining expertise in spine
surgery after an orthopeaedic surgery or neurosurgery residency. With
over 90% of orthopaedic surgery residents pursuing fellowship training
after residency [71], it is feasible to think that changes in the orthopaedic
surgery residency applicant pool may have downstream effects on the
orthopaedic spine surgery fellowship application pool.

With changes due to COVID-19, including adoption of remote inter-
views, it is difficult to predict what this may mean for residency ap-
plications. Existing literature studying effects of COVID-19 on the or-
thopaedic surgery residency application process have been primarily
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Fig. 1. Trends in orthopedic surgery residency applications from 2015-2021 for (A) total applicants, (B) Black and Hispanic identifying applicants, (C) female
applicants (D) applicant from medical schools outside US, (E) applicants from osteopathic medical schools, and (F) applicants with training interruptions are shown.
Trendlines were created from 2015-2020 data only and * signifies when 2021 data deviate greater than 2 standard deviations from the expected trendline.

limited to surveys and recommendations based on opinion/expert anal-
ysis [3,4,8,9].

The current study aims to use data from the electronic residency ap-
plication system (ERAS) to evaluate trends from an orthopaedic surgery
residency program from 2015-2021.

Methods

ERAS data from 2015-2021 was requested for a single urban North-
east academic orthopaedic surgery residency program following institu-
tional review board (IRB) exemption and ERAS approval.

Data elements collected from ERAS included: applicant number, gen-
der, race/ethnicity, medical school location, degree type, interrupted
training, USMLE exam scores, USMLE Step 2 CS test administration
rate, and research items (publications, book chapters, presentations, ab-
stracts, scientific monoliths).

Total number of orthopaedic surgery residency applicants were ob-
tained from the AAMC ERAS website [5]. Stata Version 13 was used
to analyze data. Trendlines were created from ERAS 2015-2020 data.
Points that deviated significantly were defined by greater than two stan-

dard deviations from the mean difference of predicted versus observed
values from 2015-2020.

Results
Number and demographics of orthopaedic surgery residency applicants

Total orthopaedic surgery residency applications using the ERAS sys-
tem increased from 1322 to 1496 from 2015-2021 and applicants to the
sampled institution increased from 635 to 830 (Figure 1a). The ERAS
2021 cycle demonstrated a significant increase beyond the expected
trend for applicants to orthopaedic surgery and the sampled institution.

Orthopaedic surgery is one of the least racially and gender diverse
specialties, despite efforts to change this [10,11]. Among applicants to
the sampled institution, 14.28% identified as Hispanic or Black in ERAS
2015 and 16.77% in ERAS 2021 (Figure 1b). Applicants identifying as
Native American could not be assessed in this study due to sample size.

The number of female-identifying applicants saw an increase of 2.5%
from 2015-2020 and 1.6% from 2020-2021 (Figure 1c).

From 2015-2021, applicants that are international medical graduates
(IMGs) have decreased by over 50% (Figure 1d). ERAS 2021 represents
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Fig. 2. Trends in orthopedic surgery residency applications from 2015-2021 for (A) USMLE Step 1 average scores, (B) USMLE Step 2 CK average scores, (C) USMLE
Step 2 CS pass rate and exam administration, (D) number of research items per applicant are shown. Trendlines were created from 2015-2020 data only and * signifies
when 2021 data deviate greater than 2 standard deviations from the expected trendline.

the only year that had a relative increase compared to the year prior,
but still followed the overall decreasing projected trend.

In contrast to the decrease in IMGs, there has been an increase in ap-
plications from osteopathic doctors (DOs). From 2015-2021, DO appli-
cants increased 140%, with 2021 increasing along the projected trend-
line (Figure 1e).

Applicants with training interruptions did not deviate significanty
from expected trends in ERAS 2021, increasing to 12% from 8.5% in
ERAS 2015 (Figure 1f).

Board scores and research of orthopaedic surgery residency applicants

Average USMLE Step 1 score for the sampled institution was 242 in
ERAS 2015 and increased to 245.1 in ERAS 2021 with a statistically
significant decrease in ERAS 2021 (Figure 2a). Step 2 Clinical Knowl-
edge (CK) scores increased from 248.5 to 253.4 from 2015-2021 and
increased steadily yearly (Figure 2b).

Pass rates for USMLE Step 2 CS has been consistently high at over
98.5% since ERAS 2015 (Figure 2c¢). Score reporting prior to submitting
ERAS for USMLE Step 2 CS increased from 2015 to 2019 from 60.79% to
88.79% followed by a decline in test administration to 60.48% in 2020
and 24.2% in ERAS 2021.

Research remains an important part of residency applications ac-
cording to the NRMP Program Director Survey [12]. In ERAS 2015, the
average number of research items per applicant was 9.3. Since then, re-
search items more than doubled to 18.9, with a significant increase in
ERAS 2021 (Figure 2d).

Discussion

The orthopaedic surgery residency application process is highly com-
petitive [12] and the COVID-19 pandemic has contributed to applicant
and program uncertainty. The current study thus explored trends to a

single Northeast orthopaedic surgery residency program over multiple
years, with a focus on the recent cycle (2021).

The current study found no deviations in most of the expected trends
projected for 2021. Significant deviations can be explained by changes
due to COVID-19: the decrease in the USMLE Step 2 CS exam admin-
istration rate may be attributed to delays and subsequent permanent
cancellation of this exam [2] and the increase in research items per ap-
plicant may be attributed to the popularity of dedicating part of the
hiatus in clinical curriculum toward non-laboratory research endeavors
as well as the transition to online research conferences. Although a sta-
tistically significant decrease in Step 1 scores were measured in 2021,
the absolute change amounted to -0.2 points, which is likely not practi-
cally significant. Aside from the changes to the application cycle directly
resulting from the COVID-19 pandemic, there were no other significant
changes to the 2021 application cycle known to the authors of this pa-
per, although it is possible that there may be other reasons not identified
in this study that may contribute to the findings of the current study.

Prior to the application cycle, the American Orthopaedic Associa-
tion Council of Orthopaedic Residency Directors (AOA/CORD) released
guidelines for the 2021 cycle, including a recommendation to limit ap-
plications to no more than 60 programs per applicant [13]. From 2016-
2020, the average applications per applicant were 75.51, 76.40, 75.93,
74.19, and 78.34 [5]. Perhaps unsurprisingly, preliminary data from
2021 suggest that AOA/CORD guidelines were not adhered to, with an
average of 77.40 applications per applicant [5].

While most trends this year did not deviate significantly, we have
yet to know the full effects of COVID-19 on residency and fellowship
applications in the future. It would be interesting to see how trends
continue to develop in subsequent years as this cohort goes on to ap-
ply to spine fellowship. The next few years bring additional challenges,
namely USMLE Step 1 transitioning to binary pass/fail grading system
[14], and residency programs should be aware of possible lasting ef-
fects of COVID-19 on the application pool. For instance, we did not see
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deviations in training interruptions in 2021, but this trend may take ad-
ditional years to materialize in applications. Similarly, many applicants
from 2021 would have already taken some or all of their board exams
before the pandemic and therefore these aspects of their applications
would have been unaffected.

Similarly, COVID-19 may have affected recruitment efforts in
orthopaedic surgery, especially those from underrepresented back-
grounds, which may affect application pools in years to come. Or-
thopaedic spine surgery stands out as one of the least gender diverse
subspecialties in orthopaedics, with only 3% of applicants being female
[15]. Women comprise half of enrolled medical students, but only 21.9%
of orthopaedic surgery residency applicants [16]. Compared to the es-
timated 31.9% of Black and Hispanic persons in the US, Black and His-
panic applicants to orthopaedic surgery residency comprise 16.77% of
applicants in 2021 [17]. In order to combat this, efforts focused on pro-
moting diversity and inclusion in orthopaedic surgery should not be for-
gotten during this time [18].

This study has some limitations. The study sample is limited to ap-
plicants to a single program and may not be representative of the entire
applicant pool to orthopaedic surgery. Furthermore, this study did not
evaluate all components of the ERAS application, like quality of research
or recommendation letters, or include information regarding interview
allocation or match rate, but acknowledges that these may also have
been impacted by COVID-19.

Conclusion

In conclusion, the current study of orthopaedic surgery residency ap-
plications demonstrates an increase in applicant number and research
items per applicant, but reveals no other significant deviations in ap-
plication trends in 2021 despite interruptions due to COVID-19. It may
require several cycles before we see the full effects of COVID-19 on or-
thopaedic surgery residency and spine fellowship applications, but at
present the orthopaedic spine trainee and spine fellow pipeline appears
maintained.
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